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The current epistemology of autism as a phenotype derives from the consistency of historical accounts and decades of work within the tradition of descriptive epidemiology, culminating in current categorical descriptions within DSM and ICD nosologies and the concept of “prototypical autism.” The demonstrated high heritability of this phenotype has led to an essentialist theory of autism as a biological entity and the concerted search within the developmental brain and genetic science for discrete biological markers. This search has not revealed simple markers explaining autistic outcomes and has led to moves towards a more dimensional account. This article proposes an alternative transactional approach. It proposes to understand autistic states as an emergent property within a complex developmental system; as the neurodivergent brain, and mind and body, encounter their social and physical environment within early development. Key evidence in support of this approach comes from random allocation intervention trials based on such transactional development theory, both in the infancy pre-diagnostic prodrome and the early post-diagnostic period. In replicated evidence, these intervention trials show that a targeted alteration in the quality of social transactional environment available for the child leads to significant, predictable, and sustained alterations in the outcome dimensional autistic phenotype over time; and further, in one prodromal trial, to a significant reduction in later categorical classification status. The inference from this evidence is that the prototypical autistic phenotype is to a degree malleable with a changed experienced social environment and that it is emergent from its constituent traits. Such a transactional approach enlarges our notion of the phenotype and brings the study of autism within mainstream individual difference developmental science. It challenges essentialist views, for instance as to intrinsic autistic “social avoidance” or theory of mind empathy deficits, integrates dimensional and categorical perspectives, and is consistent with the lived experience of autistic people and their advocacy for improved understanding within a social model.
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Introduction


Dimensional and categorical autism

One of the original tenets behind the National Institutes of Health Research Domain Criteria project (RDoC),1 an initiative in relation to neurodevelopmental conditions, well-advocated by Insel (1, 2), was the aspiration to replace current nosological behavioural phenotypes with the antecedent neurodevelopmental trajectories underpinning them (3). However, this impetus finds additional weight from different sources too; for instance, from many in the developmental psychology and research community who instinctively lean towards “dimensional” approaches to development and psychopathology, and in recent advocacy from many in the autistic community. The idea of categorical autism has sometimes come to be equated negatively with what can be felt as a reductive “medical model,” with implicit associations to the experience of unequal power relationships in clinical practice, academia, and social life. These are delicate waters. On the one hand, there are key strengths in the dimensional approach, which is in many ways fundamental to what I will be arguing in this article in terms of a transactional account of neurodiversity development within the social sphere. On the other hand, I wish to argue that opposing dimensional and categorical accounts in this way sets up a false binary. The dimensional and the categorical lenses have always been present in our developmental thinking—and both are crucial. It is intrinsic to our perceptual and cognitive functioning that we look at both process and entity as complimentary; it is the wood and the trees. The term “medical model” can sometimes underplay the sophisticated underpinnings of developmental psychopathology and psychiatry, not to mention good clinical work. This article is written from that clinical science tradition—indeed, aspiring to update that tradition into the current context.

There are also paradoxes in a purely “dimensional” approach. One of the immediate paradoxes is sure that the very term “autism” is categorical; a term that has been used historically to name something, and has also more recently become a term naming a valued social identity. The history and evolution of this naming is in itself a valuable subject for reflection (4); from the earliest highly theory-driven accounts of Bleuler and others, the more considered clinical descriptions of Sukhareva (5), Binswanger, and Kanner; into the tradition of empirical description and nosology elaborated in the last 60 years, which morphed into the developmental science and neurodevelopmental account of the current paradigm. The rise of the social advocacy and the pressing forward of social identity in relation to autism introduces a new note into this progression; a lived-subject assertion of experience which results in a rather different idea of autism as an “identity”—giving, in Levi-Strauss’s formulation, “every individual … his own (identity) as …a signifier of his signified being” (6). An easy momentum from now could be towards the term “autism” fragmenting, and becoming applied quite differently to a prototypical phenotypic description for researchers, a diagnostic construct for clinicians and health service administrators (for instance as a ticket to a service support), and a social identity signifier within the community. Lack of mutual understanding across these domains would inevitably grow. Some may feel such fragmentation is inevitable or indeed desirable, and there are, indeed, deep differences between some of these perspectives. However, the implicit aim of clinical science towards evidence-based practice over decades has been to bridge these domains; working with research and in dialogue towards a stable descriptive language that could integrate science, evidence-based clinical practice, and social understanding. There are opportunities within current challenges and debates to enrich and develop this common language with new insights, and to reduce misunderstanding; this article is part of trying to do just that.

Further, in scientific terms, replacing categorical autism with a neurodiversity dimension just replaces one complex paradox with another. Decades of neurodevelopmental science have not yet succeeded in defining a commonly accepted neurodevelopmental trajectory unique to autism (7, 8), and in this context, the RDoC project is far from realising success (9). An alternative strategy has been to replace the notion of an autism phenotype altogether with a series of RDoC-inspired “transdiagnostic” trait phenomena (such as impulsivity, executive function) and to make these targets for attention and intervention as “needs” rather than autism itself (10, 11). But this deconstruction of the autistic phenotype has been criticised by Mottron et al. (12) as potentially leading to a series of false equivalents or homologues; those specific phenomena may appear superficially similar but actually be very different in different contexts. Without care and accurate demonstration of real equivalence, such an approach would threaten to collapse nuance and discrimination in developmental science. Advanced machine learning and deep learning paradigms may provide a route into an alternative empirical way of moving from observed traits to an autism entity (10); however, there are no reproducible outcomes from this as yet. The strategy will also depend, just as previous research has done, on the quality of the basic measurements that are undertaken. In many ways, the proposed path to automation will need to parallel the methodological efforts from previous decades of clinical observation, clinical practice, and developmental science research; it will also itself have to wrestle with these same paradoxes of dimension vs. category in development.



Combining categorical and dimensional accounts: Autism as “emergent”

In sum, the pitting of dimensional against categorical remains, as it always has been, a false binary. This article proposes to cleave, for historical, linguistic, conceptual, and pragmatic reasons at this point, to the notion of a prototypic autism entity articulated by Mottron (12), but to avoid false binaries by seeing the autism entity of this kind as an emergent property within complex-system neurodevelopment—where “emergent” is stringently defined as referring to “arising phenomena that are novel and that differ in type and quality from the interacting components” (13, 14). This is a more dynamic model which defines autistic “states” arising out of dimensional variation, rather than pre-formed entities. It combines constitutional difference, transactional experience, and phenotypic entity into a mutually informing whole (15–17). There is an acknowledged challenge (13) in translating such appealing metaphor and theory into the operational description and the investigative strategies necessary to do science, for instance, to formulate testable and refutable hypotheses (18); empirical success to date with dynamic system modelling has largely been restricted to motor development in children, with analogies made to wider aspects of development (17). The strategy I will take towards this is to focus on the key moments of emergence and subsidence of the phenotype as points of entry for understanding; particularly focusing on the insights that can be gained from investigative experimental clinical trials; using the classic approach that a good way towards the understanding of a complex system is by trying to change it.




Approaching autism emergence and epistemology through empirical trials

There are three ways of addressing empirically a notional property of emergence: (i) constructing an observational account of phenotypic emergence within early development (12), (ii) observation of any possible phenotype subsidence later in development (19), and (iii) the effects of an experimental intervention into developmental processes through randomised allocation clinical trials. The first two can only essentially be approached through clinical description or longitudinal observational paradigms. These can be highly informative but are subject to a range of confounds that can limit the strength of inferences. The third, however, because it is the result of a controlled test of the results of a discrete and well-characterised developmental change, provides the most robust way into causal inference for the phenomenon of emergence, and that is what I focus on here.


Outcome measurement

In a series of investigative randomised controlled clinical trials, myself and colleagues have been able to address questions of emergence in this “experimental” sense. This was possible because we included in the initial design of these trials from 2000, as our pre-specified primary outcome, a specific measure of the autism phenotype [Autism Diagnostic Observation Schedule (ADOS; 20) or Autism Observation Scale for Infants (AOSI; 21)]. This was done at that time from an assertion that any intervention that wished to claim effect on “autism” should have as its outcome some measure of the actuality of “autism” itself, rather than solely some proxy or parallel measure of adaption or other functioning. This choice in itself is a deep issue for epistemology; it implies that a scientific understanding of the phenotype is only possible through measurement and that the form of measure chosen needs both accurately to reflect the richness of the phenomenon or phenotype in question and to be fit for the purpose for which it is being used. Measures of a complex reality like autism have a hard challenge to translate the complexity into quantifiable data for analysis. For our use, the ADOS, in particular, had the strong advantage of being the best-validated proxy for the full range and richness of the formal phenotype, with extensive psychometric and longitudinal cohort work behind it (20); and also being objectively and reliably codable from videotape, thus allowing blinded ascertainment and reduced bias for a trial. Further, the development of developmentally specific ADOS modules (22) facilitated the comparability of measurement over development and time, crucial in facilitating the longitudinal study of the clinical phenotype through the differing presentations as development proceeds and allowing our follow-up studies of trial outcomes.

Much has changed in the dialogue around autism in recent years and, within that, ADOS has been criticised (along with related nosological phenotypic definitions) for its normative and “deficit-focused” assumptions (23). Alternative measurement innovations have been proposed that aim to make less normative assumptions (24). These new approaches are in their early stages and may, indeed, prove transformative as they develop, but in the meantime, we need to address the concerns around the ADOS and the value of the corpus of results from it. I acknowledge the concerns but point to the roots of ADOS as a distillation of the clinical encounter; in good hands, it is sensitive to the autistic child and can bring out their ability across a range of social contexts, allowing the manifestation of both strengths and difficulties within autistic difference. When I administer it I feel I am able to engage deeply with a key part of the child’s personhood and development. The language used in the coding may now seem over-medicalised and deficit-focused and this could be usefully updated without affecting the essence of what it does. No measurement is perfect but the ADOS I would say remains the best current consensus means of measuring the observed behavioural phenotype and I hope to be able to demonstrate below the richness and power of what it can tell us. A particular unknown when we started was whether we would be able to show any intervention-related change in an instrument that was essentially designed as a stable phenotypic measure. In the event, throughout the programme to be described, both ADOS and AOSI have proved informative measures that are sensitive to intervention-related change. In a later discussion of these results, I will discuss more fully the nuances and caveats as to what we can learn from this measurement and try to address potential misunderstandings. I also note a key part of what is missing in current measurement—phenomenology—and point the way forward to a key new area of measurement practice.



Post-diagnostic intervention

The intervention used in this programme, called the Paediatric Autism Communication Therapy (PACT), was specifically designed to address the early developmental precursors of social communication, social engagement, and language relevant to the autistic phenotype and its emergence. The therapy was initially designed for the pre-school period. It works with parents in a naturalistic context aided by video-feedback techniques to help their awareness and understanding of the particularities of the communication style and intent of their neurodivergent child; in consequence improving the accuracy, sensitivity, and contingency of their dyadic responses. The model is that the young autistic child will then respond in turn with increased social response and communication initiation. What emerges is a powerful “coupling” of social interaction (25) of a kind that is central to naturalistic social learning in development (26). In this approach, there is no direct therapeutic work with the child, the focus is on the surrounding interpersonal and communication context. Any alteration in child behaviour, social orientation, and motivation comes naturalistically as a by-product of the altered dyadic response from the parent in real-time. Such an approach can be distinguished from traditional behavioural learning models of therapy such as EIBI or ESDM, either delivered by the therapist or the parent, which target specific behaviours to change in a specified direction through operant conditioning with rewards and contingency reinforcers. PACT therapy is manualised and developmentally staged to build on this early dyadic synchrony towards further social and communication engagement. In the trial testing, the extent to which the parent is able successfully to understand and respond to the child in this way is measured through an assessor-blinded coding of the proportion of parental “synchronous responses” within a video-sample of parent–child free play taken separately to the therapy context. Similarly, the extent to which the child responds is coded through the proportion of their behaviours that are “social communication initiations” to the parent. These alterations in the dyadic interaction between parent and child are the proximal target of the therapy, with the developmentally based hypothesis that such change will translate through a developmental cascade into more “distal” generalised improvement in child functioning in different contexts and through time as they grow. In our trials, this more generalised improvement later in time is measured with another adult in the context of the ADOS assessment, as well as more functional parent and teacher-rated outcomes. Such style of measurement thus allows a precise mechanism testing of the logic model of the therapy, since the developmental hypothesis predicts a cascade of effects from parent synchrony to child initiation to generalised enhancement of the child’s social engagement and communication beyond the dyadic context. The “distal” effect on the phenotypic expression, measured by the ADOS, is thus the pre-specified primary outcome test in the trial.

The first randomised controlled trial (RCT) of this intervention compared to usual care (27) found a substantial treatment effect on the outcome child ADOS total score [F(1,25) = 7.30; p = 0.01], a result particularly carried by therapy effect to increase function in the “social communication” domain as it was then called. In the subsequent larger PACT RCT (28), we found at the treatment endpoint point a trend for positive intervention effect on both social communication and “restricted repetitive behaviour” including sensory (RRB) domains of ADOS considered separately, and when these were considered together as the full autistic phenotype (29), they showed a significant endpoint treatment effect to reduce the (dimensional) ADOS “combined severity score” (CSS) (OR −6.4; −1.22, −0.06, p = 0.02). This endpoint treatment effect was then shown to be sustained; in follow-up intention to treat analysis 6 years after treatment end, 80% of the original cohort of children were assessed at a mean age of 10.5 years, with the assessors remaining blinded to the originally allocated groups. The analysis showed that the between-groups treatment effect on ADOS scores continued all through this time (OR −8.2; −1.53, −0.12, p = 0.02), giving a highly significant cumulative effect of the therapy [marginal log-odds effect size of 0.55 (95% CI 0.14–0.91; p = 0.009)] (29; see Figure 1). This kind of cumulative analysis is important in giving insight into the ongoing impact of an intervention on development. While these ADOS outcomes were the nominated primary outcome of the trial, effects supporting this change were also seen in parent-reported outcomes in relation to communication, adaptation, and family functioning; teacher ratings of adaptive function in school. One area not showing change was objectively measured “structural” language (vocabulary and grammar) despite parent accounts of vocabulary and communication increasing.
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FIGURE 1
Long term developmental outcomes from three parent-mediated intervention trials. Showing replicated effects at different stages in early development to improve a combination of social communication skills, behavioural rigidity, and sensory sensitivities; improvements sustained after the end of therapy. Reproduced from Green et al. (43), Whitehouse et al. (44), Pickles et al. (29)–see main text. ABC/AUC, Area between curves estimation over time. These estimates provide a principled basis for an overall mean effect for unequally spaced measures that summarise treatment effect over the whole trial from baseline to follow-up.




Process of intervention effect

Mechanistic analysis of both these trials identified the mediating (or “active”) processes at different stages of the therapy towards achieving these outcomes. In the first trial, the increased parental synchrony from treatment mediated the ADOS change at the end of therapy (30). In the second larger trial, a two-stage process was identified (31): in the first step within the immediate “proximal” parent–child dyad, increased parental synchrony strongly mediated the improvement in child communication initiation with a parent. Then in a second step, that improvement in child dyadic communication in turn strongly mediates the later improvement in ADOS generalised outcome. In a further result, it was these same improvements in child dyadic communication initiation during the intervention period that also strongly mediated the sustained reduction in ADOS severity score from endpoint through to 6-year follow-up in middle childhood (32; Figure 2). We thus here identify two stages also in the timing of effects: The first immediate short-term effect on the dyadic interaction of increased parental understanding, responsivity, and “synchronous” communication is to increase the child’s spontaneous social initiation and engagement. This evidences the intended emergent “coupling” of social interaction (25), which is also marked by an increase in manifest shared enjoyment and parent reports of “light-bulb” moments of connectedness (often for the first time) with their child (33). Such a finding is consistent with much of what we know about how dyadic interaction works in neurotypical social development: but what is new here [and consistent with some other intervention research (34)] is to find that neurodivergent children also respond in a similar way, with increased social engagement. This crucial discovery gives empirical evidence counter to an “essentialist” notion of innate unchangeable social avoidance or disinterest in autistic development, suggesting that it is more contextual than that; consistent with a position increasingly advocated in the theoretical literature (35). Then secondly over a longer timescale, we see a “within-child” process that allows the generalisation of the short-term change into longer-term impact on child social communication, behavioural, and adaptive outcomes in development. These longer-term improvements are not so much in formal “structural language” (extent of vocabulary, etc.), which does not change in objective tests, but rather in the pragmatics of social discourse, which does show objective improvement—and this later can be seen as of the key importance, acting as an interactional accomplishment for the child and increasing their connectedness (36). Parent reports of wider development and family effects also suggest broader improvements (37). These mediation results support the logic model of the PACT parent-mediated intervention, as to how it is intended to work. They have further developmental implications for a wider transactional model of autism development, as I will develop further below.


[image: image]

FIGURE 2
Mediation analysis of the PACT trial (31, 32).


A more recently published trial tested an adaptation of this original clinic-based PACT therapy into a multicomponent intervention simultaneously at home with a parent and in education/school with learning support assistants (PACT-G, 38). This shows both similar and different effects: similar in the significant “proximal” effects of an intervention to improve parental synchrony and child communication in dyadic interaction across all contexts (albeit at a reduced effect size to the original clinic-based PACT trial), different in the lack of transmission and generalisation of these dyadic effects into independent ADOS change. Mechanistic analysis of this PACT-G trial (38) shows a replication of the first stage PACT mediation from parental synchrony to child dyadic communication, but there was a lack of the second stage generalisation process. We put this lack down to the reduced dosage in each context in the PACT-G model, the complexities of implementation in education and also at home, evidence by reduced model fidelity, and possibly the effect of a substantial proportion of online therapy in this iteration. The important learning from this trial is around dosage thresholds and implementation context methods.



Pre-diagnosis intervention in the autism prodrome

Myself and colleagues then developed a related style of parent-mediated video-aided therapy specifically designed to address the very early infant precursors of prodromal autism. The theory and hypotheses behind this work were similar to that in the post-diagnostic PACT, but the method was adapted to what we knew of early-emerging developmental differences in some infants with a high likelihood of developing later autism, and the empirically observed interaction changes in such groups the first year (39). The therapy manual was adapted from work with neurotypical infants into the briefer 5-month iBASIS-VIPP manualised home-based intervention (40). It is important to note that, as with PACT, there is no intention in this therapy to “change” unwanted child behaviours (concerns that have been expressed in relation to some early intervention strategies). Rather the aim is to increase parental awareness of and sensitivity to neurodivergence in their baby, increasing by this the infant’s experience of being attended to, understood, and responded to by others; and through that to support and nurture the neurodivergent infant’s development and outcomes (41). This is an important point of difference that speaks to the need for promoting autonomous outcomes in early intervention outcome work (42). Results are available from two clinical trials of this parent-mediated intervention on two different populations of infants with an increased likelihood of autistic development. One ascertained through familial incidence (infant siblings of an autistic child) and intervention initiated from mean age 10 months (43), the other with babies identified in community health services at mean age 13 months as having early developmental features suggestive of the raised likelihood of later autism (44). In both these trials, the distal autism phenotypic outcomes were measured as developmentally appropriate using AOSI and ADOS instruments. Both trials showed the sustained impact of intervention on AOSI and then ADOS scores over the 2 years following intervention until diagnostic evaluation at 3 years (see Figure 1). The latter trial (44) additionally had a large enough sample to enable results on a diagnostic evaluation at 3 years, conducted by blinded independent experienced clinicians using clinical best-estimate algorithms from all available information against DSM categorical criteria. This showed a treatment difference across the three categorical autism domains in favour of iBASIS-VIPP therapy (Table 1); amounting to a 60% reduction in emergent autism overall diagnosis at 3 years after intervention (20.5% emergence in TAU against 6.7% in the iBASIS-VIPP group); an odds ratio of 0.18 (0–0.68; p = 0.02) or a “number needed to treat” of 7.2 interventions to reduce one autism classification (44). It is important to note here and will be discussed further below, that the children in the therapy group not developing above an autism threshold still did show evidence of other developmental differences of various kinds.


TABLE 1    Clinical best estimate ascertainment against categorical DSM5 criteria at 3 years of age, comparing groups receiving iBASIS-VIPP intervention at 1 year and usual care; showing treatment effects on social reciprocity, restricted repetitive behaviours and sensory symptoms (see text).
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Autism as emergent

In sum, there is through this programme, testing a model of intervention targeting developmental precursors of social functioning and autistic development, a consistent replicated pattern of treatment effect across trials on the nosological phenotype as reflected in the ADOS score, sustained in development for several years subsequent to treatment end (Figures 1, 3, 4). Effects are seen at different developmental ages but with the same basic characteristics in response to essentially the same kind of intervention. These effects are seen in relation to the ADOS considered dimensionally, notably across all components of the phenotype, both social communication and restricted, repetitive and sensory behaviours. Additionally, in the latest pre-diagnosis trial (44), for the first time, effects are also seen in terms of reducing the incidence of the categorical diagnostic phenotype, as assessed by independent clinicians (Table 1).
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FIGURE 3
Distribution on dimensional ADOS CSS after post-diagnostic PACT intervention through to 6 year follow up, compared to treatment as usual. Data from Pickles et al (29).
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FIGURE 4
Distribution on dimensional ADOS CSS at 3 years, comparing pre-emptive iBASIS intervention from 1 year with treatment as usual. Data from Whitehouse et al (44).


The results of these trials taken together represent, therefore, for the first time, a replicated experimental change in autism phenotype emergence/submergence in a way that links together dimensional and categorical approaches. The fact of this replicated effect on dimensional ADOS at different developmental ages makes unsurprising the fact that the intervention also, in the pre-diagnosis trial powered to show this, systematically alters the relation of children to clinical thresholds, such that they no longer meet “autism” criteria (i.e., a prototypical autism description) on best-estimate clinical diagnosis (although they remain neurodivergent). The threshold categorical effect (Table 1) is thus directly related to critical changes in dimensional components seen in both pre-diagnostic and post-diagnostic cohorts (Figures 1, 3, 4). This is an illustration of the traditional relationship between dimensional change and threshold-related categorical shifts within a complex system. The intervention experiment causes critical planned alterations in the dimensional components, which are linked in turn to whether or not the categorical phenotype emerges. The logical inference from this must be that the categorical phenotype itself is an “emergent” phenomenon; altered threshold effects on ADOS reflect the emergence of a prototypical phenotype from a combination of constituent traits acting within a complex system; a strict definition of emergence (13, 14). Emergent autism in this sense has a particular “quality” that is not manifesting in the constituent traits in children with neurodivergence below the autism threshold. This is in line with the traditional view that the autistic phenotype historically described and evolved does have internal coherence and a predictive and face validity. The described phenotype is not perfect and contains inherent complexity and contradictions, especially as its boundaries have been flexible to changing perceptions; the complexities underlying Mottron’s prototypical suggestion (12). However, it has the virtue of utility and predictability. Efforts to identify an autism-equivalent inductively from constituent traits using for instance machine learning techniques have not so far shown replicable success. The fact remains that, in approaching complex systems, the level of analysis is always crucial—and a level of analysis that includes the historically determined prototypical autistic form has proven its longevity and utility.

What are we to learn then from this about the autism phenotype as measured in this way? I have argued above, with acknowledged caveats, for the veracity of ADOS measurement in reflecting the characteristic breadth and richness of the presentation of autism as behaviour. Our clinical trials data suggest that a consistent, reproducible long-term change in this presentation is possible with targeted early intervention that focuses on the quality of interpersonal and communication environment around the child. The change involves an increase in the child’s social orientation and ability within interaction and communication; also in a reduction in the amount of sensory-related and repetitive behaviours, a “cross-domain” effect across all aspects of the phenotype that is very salient from a theoretical perspective. Equally, however, I would not want to overemphasise the extent of this phenotypic malleability: the amount of difference that we show in these trials is statistically significant but not massive or magical; children in middle childhood after pre-school intervention generally remained autistic and those after infancy intervention who did not develop the emergent phenotype still showed neurodivergent development of other kinds. ADOS results can be confounded sometimes by cognitive ability (45) or clinical heterogeneity (46); although there is no evidence in the trials described above that either of these factors modifies the intervention results reported here. However, these intervention studies do show that the autistic phenotype understood like this is neither fully predetermined nor inviolable; it has empirical malleability to intervention. Nor is it the case that this malleability is confined to “higher functioning” autistic states; the trials described above apply to a range of core (27, 29) to “spectrum” (43, 44) autistic development and a similar range across DQ.

A possible explanation for these results is that the intervention simply reduces arousal or anxiety and that this might affect ADOS scores. This may well partly be the case (for instance with the level of sensory and repetitive behaviours, that are sensitive to arousal states); but this is insufficient to explain the long-term sustained effects, and anyway begs the question of why the arousal reduces. More profoundly I would argue that if we change the fundamental and early sense of the child’s connection, acceptance, belonging, and being, within and accepting neurodiversity, then outcomes related to social motivation, engagement, and communication will predictably be altered. And since these latter aspects constitute core aspects of the phenotype as we currently understand and define it, then, to that extent, the phenotype is changed. This malleability then suggests something about the autistic phenotype as a “state” phenomenon—a state that is emergent under certain conditions and that can subside under others. This is not to imply an absence of other difficulties (47) but it points to something in the epistemology of the condition. Another inference could be that the autistic phenotype as measured like this is not actually the irreducible core “difference” experienced within neurodiversity—that the core phenotype lies somewhere else behind. I would be very open to this account, which I explore further below. But the relative malleability of part of the phenotype as measured here (and as encoded in the current nosology) opens up to another profound re-framing, that of autistic states within a transactional context—to which I now turn.



Autism as transactional

With this evidence, we can now do something new to enlarge the nature of the complex system that we are describing within autism. Whereas traditionally within developmental science, the object of description has been the individual developmental trajectory (autism as an individual condition), and these dyadic intervention studies, along with the developmental theory that underpins them, enlarge this to include both the individual and the immediate social environment in transactional relation. This is not a new idea in developmental science generally; in both Winnicott’s famous formulation that “there is no such thing as a baby” (48), and Bowlby’s theory of the “goal-directed partnership” within early relatedness (49), there is an implicit recognition of the interpersonal context within which any individual development operates—an idea formalised in Sameroff’s transactional theory (50). However, traditionally autism, partly because of its high heritability, has been considered more from an essentialist rather than a transactional position. My aim is here to bring autism/neurodiversity into this transactional/developmental domain; a paradigm shift in the context of much previous theory and research.

In our intervention model above, we are essentially perturbing this interpersonal dyadic early relational system around the child; we make the perturbation by initiating a change in adult responsiveness to child communications, finding that perturbing the interpersonal system in this way has predictable effects on the child dyadic response according to well-described transactional dynamics within developmental science in neurotypical development. We show that such transactional dynamics are as applicable to neurodivergence and neurodifference as to neurotypicality. Further, in a way that seems consonant to that described in normative developmental theory, the child appears to internalise that dyadic experience into an acquired ability and intrapersonal dynamic that allows generalisation out into other interpersonal contexts. This is the dynamic underpinning social development in neurotypical children and the generalisation of acquired social skills into social abilities across contexts independent of immediate contingencies. In our work, we show that intrapersonal dynamic is also seen within autistic development (in contra-distinction to frequent assumptions that autistic children find it hard to generalise acquired skills across context).

Such a transactional framing of autism is consistent with normative social development and social development theory. The prototypical autism phenotype is in this sense not solely within-child phenomena, it is also partly a transactional phenomenon, which is in itself emergent in development depending on the characteristics of the child’s neurodivergence and immediate relational and physical environment. Not only is the course of brain maturation itself likely influenced by such an experienced environment (51); but development and identity are co-constructed, not only interpersonally but also socially. Here this developmental account converges with the autistic community’s advocacy around social adaptation and the social model of autism (52); although for a complete transactional model one needs to articulate both poles—the particular quality and characteristics of the neurodivergence as well as the characteristics of the environment, whether interpersonal or social.

This element of malleability in the outcome of autism phenotype is sufficient to show that it is not simply pre-formed or a mechanical translation of heritable probability or brain development; to an important extent, it is the developmental outcome of the neurodivergent brain, mind, and body as it grows in the transaction within its inter-personal and material environment. (An extreme case for the effects of environmental perturbation is also well-made from the results of investigations into the “natural experiment” of environmental perturbation consequent on extreme social deprivation within institutions. As it is now well-attested, such environmental conditions, if prolonged beyond 6 months in early infancy/childhood, can result in a social development homologous with autism (53), and indeed meet current criteria for the phenotype) (54).


Steps towards a transactional model of autism and its development

For a developed transactional model of autistic development, therefore, I see no reason to discard the value and utility of a categorical behavioural phenotype. However, we can reframe the dimensional processes that go into its formation by adding the interpersonal processes of the environmental transaction to the intrapersonal processes around heritable brain development, interactive specialisation, and neurodivergence. Two decades of “babysibs” longitudinal neuroscience work have not identified specific discrete markers of autism emergence, but rather more general perturbations in many aspects of the developing brain system that are linked to later autism (7, 8). In such a complex system, experimental perturbation of this kind through intervention can be a royal road to understanding specificity and causation in the developmental process.

The tradition of individual difference psychology (55) investigated the nature of variation in distributed biological (including neural), physical, and psychological traits, and the interplay between such trait variation and consequent environmental transactions and adjustments in producing developmental outcomes. From early temperament theory and research (56) came the related notion of “goodness of fit”; developmental outcomes were found to be crucially impacted by the quality of these observed and experienced transactions rather than simply the intrinsic properties of trait or biological variation—a theory elaborated in the transactional model (50). The developmental model proposed here applies these transactional theory ideas to neurodiversity—making it an extension, or special case, of individual difference theory, but stretching its envelope and explanatory power.

Logically from this, the constituent elements of such a transactional developmental model would need to include the identification of: (i) the specific characteristics of neurodiversity/neurodifference in the first few years of life; (ii) the interactional consequences and experiential responses of such specific neurodivergence; (iii) the consequent evolution of an outcome behavioural phenotype through early development; (iv) establishing causal influence between these reciprocal elements through experimental perturbation studies; (v) building and testing a developmental model by integrating (i)–(iv). Table 2 outlines some theory and current evidence for each of these steps.


TABLE 2    Elements of a proposed transactional theory transactional model of autism.

[image: Table 2]




Autistic states and irreducible difference—The role of phenomenology

I hope the evidence will be clear from the above account that there is an element of malleability in the early emergent phenotype of autism. This is important at the practical level of providing early evidenced support for diagnosed autistic children and those infants who are at increased likelihood of an autistic trajectory. The intervention science suggests that this support will benefit these children and their families, not just at a phenotype level but in terms of wellbeing and confidence, and we are now in a position as this intervention science has proceeded, to advocate now for a practical and evidenced integrated early care pathway within health systems (62).

At a more epistemological level, a transactional approach identifies some phenotypic malleability, but there remains behind these undoubtedly irreducible aspects of neurodiversity and experience; about which there is no evidence for or intention here to “remove” or “eradicate” through intervention or support. Further progress towards refining understanding of this more irreducible part of the phenotype will require new strategies and complimentary measurement. This will entail centrally at this point in my view an approach to the phenotype from the “inside-out” through phenomenology. It is an extraordinary lacuna to date in mainstream autism science that there is no systematic autistic phenomenology. The prototypical autism phenotype measured and analysed above has always been characterised externally from observed behaviour (in common with many developmental conditions from early childhood)—a fact that has certainly limited theorising and has naturally led to criticism from those with lived experience and others that much about the current phenotypic description objectifies them. While sympathetic observation and careful neuroscience can still increase empathic understanding, the time has come for this to be complimented by phenomenology and systematic data from lived experience. This is partly an ethical imperative, but it will also fill in a key gap scientifically in understanding autism and a dynamic systems perspective on its emergence. We have much narrative information already from the often extraordinary and rich accounts that have been written by autistic people and parents of autistic children. But a systematic exploration of such phenomenology using shared qualitative and quantitative methods will add much more generalisability to this existing information and allow comparison with other areas, for instance, of neurotypical experience. There have been increasing calls for more systematic attention to the lived phenomenology of autism (63, 64), and some early work has begun (65). The perspective of the development of the experiencing mind if systematically done will clarify much in developmental science and direct the focus of research going forward. For instance, gaining a richer and more general understanding of the experienced autistic sensorium within different environments, the experience of space and time and attentional focus, will all be central to a fuller phenotype description and potentially valuable for the direction of approach in autism neuroscience. Systematic work by and with autistic people will be core to this approach; they would be at the centre of a phenomenologically informed phenotype—and the new measures needed to describe it. Such joint work joint work may act as a further practical bridge through action between neurodiversity, clinical and research perspectives on “what is autism.”

I have argued that, for further evolution of the developmental science of autism at this point, we will need to elaborate a more nuanced and transactional account of what it means to be autistic and how autism becomes itself; and I have evidenced how information from clinical trials can contribute to that. Moreover, in doing so, we may not wish to dispense with autism as an entity, despite its paradoxes; and may want to consider the prototypical version that Mottron advocated as one pole of thought and action. I intend this article to outline one way to do this.



Ethics statement

The studies involving human participants were reviewed and approved by Greater Manchester Research Ethics Committee. Written informed consent to participate in this study was provided by the participants’ legal guardian/next of kin.



Author contributions

The author confirms being the sole contributor of this work and has approved it for publication.



Funding

This work was supported by Medical Research Council UK awards: G0401546 and MR/K005863/1 and NIHR HTA award 13/119/18 underpinned clinical trials work on post-diagnostic intervention reported in this manuscript. Charity Funding from Autistica UK and Telethon Kids Perth Australia underpinned the pre-diagnostic trials reported. Support for publication fees was provided by University of Manchester.



Acknowledgment

The author would like to acknowledge Laurent Mottron’s initiative in suggesting this paper, and his and my Reviewers’ helpful discussions, which improved the text.

I would also like to acknowledge the outstanding collaborators and teams I have been fortunate to work with, from UK and Australia, in developing the published body of intervention science referred to in the paper. I take however sole responsibility for the arguments derived from that work that I set out here.



Conflict of interest

Author JG declares director fees for a not-for-profit community interest company IMPACT (number: 10902031) to deliver/disseminate training on the PACT intervention method. He is an NIHR Senior Investigator NF-SI-0617-10168.



Publisher’s note

All claims expressed in this article are solely those of the authors and do not necessarily represent those of their affiliated organizations, or those of the publisher, the editors and the reviewers. Any product that may be evaluated in this article, or claim that may be made by its manufacturer, is not guaranteed or endorsed by the publisher.



Footnotes

1     www.nimh.nih.gov/research-priorities/rdoc/index.shtml



References

1. Insel TR. The arrival of pre-emptive psychiatry. Early Intev Psychiatry. (2007) 1:5–6. doi: 10.1111/j.1751-7893.2007.00017.x

2. Insel TR. The NIMH research domain criteria (RDoC) project: precision medicine for psychiatry. Am J Psychiatry. (2014) 171:395–7. doi: 10.1176/appi.ajp.2014.14020138

3. Insel TR. Mental disorders in childhood: shifting the focus from behavioral symptoms to neurodevelopmental trajectories. JAMA. (2014) 311:1727–8. doi: 10.1001/jama.2014.1193

4. Evans B. How autism became autism: the radical transformation of a central concept of child development in Britain. Hist Human Sci. (2013) 26:3–31. doi: 10.1177/0952695113484320

5. Sher DA, Gibson JL. Pioneering, prodigious and perspicacious: grunya efimovna sukhareva’s life and contribution to conceptualising autism and schizophrenia. Eur Child Adolesc Psychiatry. (2021). [Epub ahead of print]. doi: 10.1007/s00787-021-01875-7

6. Levi-Strauss C, Mehlman J, Leavitt J. Wild Thought a New Translation of “La Pensée sauvage”. London: University of Chicago Press Ltd (2021).

7. Jones EJH, Gliga T, Bedford R, Charman T, Johnson MH. Developmental pathways to autism: a review of prospective studies of infants at risk. Neurosci Biobehav Rev. (2014) 39:1–33. doi: 10.1016/j.neubiorev.2013.12.001

8. Szatmari P, Chawarska K, Dawson G, Georgiades S, Landa R, Lord C, et al. Prospective longitudinal studies of infant siblings of children with autism: lessons learned and future directions. J Am Acad Child Adolesc Psychiatry. (2016) 55:179–87. doi: 10.1016/j.jaac.2015.12.014

9. Peterson BS. Editorial: research domain criteria (RDoC): a new psychiatric nosology whose time has not yet come. J Child Psychol Psychiatry. (2015) 56:719–22. doi: 10.1111/jcpp.12439

10. Astle DE, Holmes J, Kievit R, Gathercole SE. Annual research review: the transdiagnostic revolution in neurodevelopmental disorders. J Child Psychol Psychiatr. (2022) 63:397–417. doi: 10.1111/jcpp.13481

11. Green J. Intervention during the prodromal stages of Autism Spectrum Disorders. In:K Chawarska, FR Volkmar editors. Autism Spectrum Disorder in the First Years of Life: Research, Assessment and Treatment. New York, NY: Guilford Press (2020). p. 247–75.

12. Mottron L. A radical change in our autism research strategy is needed: back to prototypes. Autism Res. (2021) 14:2213–20. doi: 10.1002/aur.2494

13. Anderson GM. The potential role for emergence in autism. Autism Res. (2008) 1:18–30. doi: 10.1002/aur.2

14. Anderson GM. Conceptualizing autism: the role for emergence. J Am Acad Child Adolesc Psychiatry. (2009) 48:688–91. doi: 10.1097/CHI.0b013e3181a5e3d5

15. Goldstein J. Emergence as a construct: history and issues. Emergence. (1999) 1:49–72. doi: 10.1207/s15327000em0101_4

16. Loscalzo J, Kohane I, Barabasi AL. Human disease classification in the postgenomic era: a complex systems approach to human pathobiology. Mol Syst Biol. (2007) 3:124. doi: 10.1038/msb4100163

17. Smith LB, Thelen E. A Dynamic Systems Approach to the Development of Cognition and Action. Cambridge, MA: The MIT Press (1996).

18. Popper K. The Logic of Scientific Discovery. 2nd ed. Oxfordshire: Routledge (2002).

19. Fein D, Barton M, Eigsti I-M, Kelley E, Naigles L, Schultz RT, et al. Optimal outcome in individuals with a history of autism. J Child Psychol Psychiatr. (2013) 54:195–205.

20. Lord C, Rutter M, DiLavore P, Risi S, Gotham K, Bishop S. Autism Diagnostic Observation Schedule–2nd Edition (Ados-2). Los Angeles, CA: Western Psychological Corporation (2012).

21. Bryson SE, Zwaigenbaum L, McDermott C, Rombough V, Brian J. The autism observation scale for infants: scale development and reliability data. J Autism Dev Disord. (2008) 38:731–8.

22. Janvier D, Choi YB, Klein C, Lord C, Kim SH. Brief report: examining test-retest reliability of the autism diagnostic observation schedule (ADOS-2) calibrated severity scores (CSS). J Autism Dev Disord. (2021) 52:1388–94. doi: 10.1007/s10803-021-04952-7

23. Timimi S, Milton D, Bovell V, Kapp S, Russell G. Deconstructing diagnosis: four commentaries on a diagnostic tool to assess individuals for autism spectrum disorders. Autonomy. (2019) 1:AR26.

24. Jacques C, Courchesne V, Mineau S, Dawson M, Mottron L. Positive, negative, neutral—or unknown? The perceived valence of emotions expressed by young autistic children in a novel context suited to autism. Autism. (2022). [Epub ahead of print]. doi: 10.1177/13623613211068221

25. De Jaegher H, Di Paolo E. Participatory sense-making: an enactive approach to social cognition. Phenomenol Cogn Sci. (2007) 6:485–507. doi: 10.1007/s11097-007-9076-9

26. Tomasello M. Origins of Human Communication. Cambridge, MA: MIT Press (2008).

27. Aldred C, Green J, Adams C. A new social communication intervention for children with autism: pilot randomized controlled treatment study suggesting effectiveness. J Child Psychol Psychiatr. (2004) 45:8. doi: 10.1111/j.1469-7610.2004.00338.x

28. Green J, Charman T, McConachie H, Aldred C, Slonims V, Howlin P, et al. ‘Parent-mediated communication-focused treatment in children with autism (PACT): a randomised controlled trial’. Lancet. (2010) 375:2152–60. doi: 10.1016/S0140-6736(10)60587-9

29. Pickles A, Le Couteur A, Leadbitter K, Salomone E, Cole-Fletcher R, Tobin H, et al. Parent-mediated social communication therapy for young children with autism (PACT): long- term follow-up of a randomised controlled trial. Lancet. (2016) 388:2501–9. doi: 10.1016/S0140-6736(16)31229-6

30. Aldred C, Green J, Emsley R, McConachie H. Brief report: mediation of treatment effect in a communication intervention for pre-school children with autism. J Autism Dev Disord. (2012) 42:447–54. doi: 10.1007/s10803-011-1248-3

31. Pickles A, Harris V, Green J, Aldred C, McConachie H, Slonims V, et al. Treatment mechanism in the MRC preschool autism communication trial: implications for study design and parent- focussed therapy for children. J Child Psychol Psychiatr. (2015) 56:162–70. doi: 10.1111/jcpp.12291

32. Carruthers S, Pickles A, Charman T, McConachie H, Le Couteur Slonims V, et al. Mediation of 6 Year Mid-Childhood Follow-Up Outcomes After Pre-School Social Communication Therapy for Autistic Children (PACT): Randomised Controlled Trial.

33. Leadbitter K, Macdonald W, Taylor C, Buckle KL. Parent perceptions of participation in a parent-mediated communication-focused intervention with their young child with autism spectrum disorder. Autism. (2020) 24:2129–41. doi: 10.1177/1362361320936394

34. Gulsrud AC, Hellemann GS, Freeman SF, Kasari C. Two to ten years: developmental trajectories of joint attention in children with ASD who received targeted social communication interventions. Autism Res. (2014) 7:207–15. doi: 10.1002/aur.1360

35. Jaswal VK, Akhtar N. Being versus appearing socially uninterested: challenging assumptions about social motivation in autism. Behav Brain Sci. (2019) 42:e82. doi: 10.1017/S0140525X18001826

36. Sterponi L, de Kirby K, Shankey J. Rethinking language in autism. Autism. (2015) 19:517–26. doi: 10.1177/1362361314537125

37. Leadbitter K, Aldred C, McConachie H, Le Couteur A, Kapadia D, Charman T, et al. ‘The Autism Family Experience Questionnaire (AFEQ): an ecologically-valid, parent-nominated measure of family experience, quality of life and prioritised outcomes for early intervention’. J Autism Dev Disord. (2017) 48:1052–62. doi: 10.1007/s10803-017-3350-7

38. Green J, Leadbitter K, Ellis C, Taylor L, Moore HL, Carruthers S, et al. Combined social communication therapy at home and in education for young autistic children in England (PACT-G): a parallel, single-blind, randomised controlled trial. Lancet Psychiatry. (2022) 9:307–20. doi: 10.1016/S2215-0366(22)00029-3

39. Wan MW, Green J, Elsabbagh M, Johnson M, Charman T, Plummer F. Quality of interaction between at-risk infants and caregiver at 12-15 months is associated with 3-year autism outcome. J Child Psychol Psychiatry. (2013) 54:763–71. doi: 10.1111/jcpp.12032

40. Green J, Wan MW, Guiraud J, Holsgrove S, McNally J, Slonims V, et al. Intervention for infants at risk of developing autism: a case series. J Autism Dev Disord. (2013) 43:2502–14. doi: 10.1007/s10803-013-1797-8

41. Whitehouse A, Green J, Hudry K. Therapy for Babies Showing Early Signs of Autism Reduces the Chance of Clinical Diagnosis at Age 3. (2021). Available online at: https://theconversation.com/therapy-for-babies-showing-early-signs-of-autism-reduces-the-chance-of-clinical-diagnosis-at-age-3-167146 (accessed February 5, 2022).

42. Leadbitter K, Buckle KL, Ellis C, Dekker M. Autistic self-advocacy and the neurodiversity movement: implications for autism early intervention research and practice. Front Psychol. (2021) 12:635690. doi: 10.3389/fpsyg.2021.635690

43. Green J, Pickles A, Pasco G, Bedford R, Wan MW, Elsabbagh M, et al. Randomised trial of a parent-mediated intervention for infants at high risk for autism: longitudinal outcomes to age 3 years. J Child Psychol Psychiatr. (2017) 58:1330–40. doi: 10.1111/jcpp.12728

44. Whitehouse AJO, Varcin KJ, Pillar S, Billingham W, Alvares GA, Barbaro J, et al. Effect of preemptive intervention on developmental outcomes among infants showing early signs of autism: a randomized clinical trial of outcomes to diagnosis. JAMA Pediatr. (2021) 75:e213298. doi: 10.1001/jamapediatrics.2021.3298

45. Havdahl KA, Hus Bal V, Huerta M, Pickles A, Øyen AS, Stoltenberg C, et al. Multidimensional influences on autism symptom measures: implications for use in etiological research. J Am Acad Child Adolesc Psychiatry. (2016) 55:1054–63.e3. doi: 10.1016/j.jaac.2016.09.490

46. Molloy CA, Murray DS, Akers R, Mitchell T, Manning-Courtney P. Use of the Autism Diagnostic Observation Schedule (ADOS) in a clinical setting. Autism. (2011) 15:143–62. doi: 10.1177/1362361310379241

47. Kapp S. A Critical Response to “The Kids Who Beat Autism”. (2014). Available online at: https://thinkingautismguide.com/2014/08/a-critical-response-to-kids-who-beat.html (accessed May 24, 2022).

48. Winnicott DW. Playing and Reality. London: Routledge (2005).

49. Bowlby J. Attachment and Loss: Attachment. London: Basic Books (1969).

50. Sameroff AJ. The transactional model. In: AJ Sameroff editor. The Transactional Model of Development: How Children and Contexts Shape Each Other. Washington, DC: American Psychological Association (2009). p. 3–21.

51. Johnson MH. Functional brain development in infants: elements of an interactive specialization network. Child Dev. (2000) 71:75–81. doi: 10.1016/j.ajhg.2020.08.013

52. Milton DE. On the ontological status of autism: the ‘double empathy problem’. Disabil Soc. (2012) 2:883–7. doi: 10.1080/09687599.2012.710008

53. Rutter M, Andersen-Wood L, Beckett C, Bredenkamp D, Castle J, Groothues C, et al. Quasi- autistic patterns following severe early global privation. J Child Psychol Psychiatry. (1999) 40:537–49.

54. Green J, Leadbitter K, Kay C, Sharma K. Autism spectrum disorder in children adopted after early care breakdown. J Autism Dev Disord. (2016) 46:1392–402. doi: 10.1007/s10803-015-2680-6

55. Westerman J. Individual Differences in Children. New York, NY: John Wiley and Sons (1973).

56. Thomas A, Chess S, Birch HG, Korn S, Hertzig ME. Behavioural Individuality in Early Childhood. New York, NY: New York University Press (1963). doi: 10.1037/14328-000

57. Shultz S, Klin A, Jones W. Neonatal transitions in social behavior and their implications for autism. Trends Cogn Sci. (2018) 22:1–18. doi: 10.1016/j.tics.2018.02.012

58. Lloyd-Fox S, Blasi A, Elwell CE, Charman T, Murphy D, Johnson MH. Reduced neural sensitivity to social stimuli in infants at risk for autism. Proc R Soc B. (2013) 280:20123026. doi: 10.1098/rspb.2012.3026

59. Bradshaw J, Shi D, Hendrix CL, Saulnier C, Klaiman C. Neonatal neurobehavior in infants with autism spectrum disorder. Dev Med Child Neurol. (2022) 64:600–7. doi: 10.1111/dmcn.15096

60. Elsabbagh M, Mercure E, Hudry K, Chandler S, Pasco G, Charman T, et al. Infant neural sensitivity to dynamic eye gaze is associated with later emerging autism. Curr Biol. (2012) 22:338–42. doi: 10.1016/j.cub.2011.12.056

61. Elsabbagh M, Bruno R, Wan MW, Johnson MH, Charman T, Green J, et al. Infant neural sensitivity to dynamic eye gaze relates to quality of parent-infant interaction at 7-months in infants at risk for autism. J Autism Dev Disord. (2015) 45:1–9. doi: 10.1007/s10803-014-2192-9

62. Green J, Leadbitter K, Ainsworth J, Bucci S. An integrated early care pathway for autism. Lancet Child Adolesc Health. (2022) 6:335–44. doi: 10.1016/S2352-4642(22)00037-2

63. Zahavi D, Parnas J. Conceptual problems in infantile autism research: why cognitive science needs phenomenology. J Conscious Stud. (2003) 10:9–10.

64. Nilsson M, Handest P, Nylander L, Pedersen L, Carlsson J, Arnfred S. Arguments for a phenomenologically informed clinical approach to autism spectrum disorder. Psychopathology. (2019) 52:153–60. doi: 10.1159/000500294

65. Murray D, Milton D, Green J, Bervoets J. The human spectrum. Psychopathology. (2022) in press.



OPS/images/fpsyt-13-988755-t002.jpg
Model element

1. Early neurodivergence

2. Interaction consequences

of early neurodivergence

3. Phenotypic outcome
trajectories

4. Evidence from
perturbation (intervention)
experiments about causal
influence

Current theory and evidence

Difference in visual response to eye gaze from 2 months (57), to
speech sounds from 4 months (58), altered trajectories of social
engagement with preserved attention to faces but reduced
riadic attention to objects from 2 to 3 months, predicting
social —communication skills at 2 years (59). These differences
in perceptual organisation noted in different modalities later in
he first year (60).

High autism likelihood (HL; siblings of autism probands) show
relative increase in parent directiveness from 7 months
compared to low likelihood (LL) infant-parent dyads,
associated with altered visually evoked potentials in the infant
(61). By 14 months the parent differences joined by observed
infants alterations in social engagement and affect sharing with
the adult; these infant observations predict autism emergence at
3 years in the cohort (39).

Emerging group differences in behaviour between HL and LL
infants in the latter part of the first year, involving dyadic social
engagement, flexibility of attention, and integration between
verbal and non-verbal communication, vocalisation and
gesture, predict later autism development and suggest gradually
emergent autistic trajectories (7, 8).

Re-orientation of parental focus and response to the child in
therapy re-establishes reciprocal social interchange, with
increased child social initiations and engagement [evidenced by
video coding (27, 28, 43, 44)]. This mitigates the interaction
consequences in section 2 above and is causally associated with
improved social functioning beyond the dyad (30, 31) as well as
increased reported connectedness and relatedness in parent’s
experience of the child (33). This increased social orientation

and engagement is sustained after the intervention period in

subsequent development (43, 44)—and sufficiently in
Whitehouse et al (44) to reduce outcome developmental
characteristics below a prototypical autism threshold.
Increased child social engagement and communication
initiation is also the origin of the sustained intervention effect
on outcome symptoms from pre-school to mid-childhood (29,
32).

Comments

Preliminary evidence and these changes are subtle. No
intervention experiments yet accomplished at this age to
identify causal influence or potential for change.

Since this dyadic interaction is itself a dynamic system, it can in
some dyads re-organise into something itself less mutual and
self-correcting, experienced often by parents’ account as despair
or disengagement on the one hand or anxiously directive on the
other.

This interaction dynamic is the proximal target of early dyadic
intervention (28, 40, 43).

In the second year, Mottron et al. (12) postulate a more
definitive threshold (bifurcation) event often signalled by
abrupt skills regression, which they link to a decisive shift in the
infant from a social to a non-social perceptual bias and resulting
developmental disruption. This is postulated to further
re-organise over into the (prototypical) pattern of phenotypic
autism seen by the later 2nd and 3rd years.

Neurodivergent infant and child social engagement is a
function of transactional experience, rather than “social
avoidance” being an intrinsic part of the phenotype. The
therapy arguably results in an internal rebalancing of social and
object focus with increased social behaviours and decreased
object focused routines. The child retains neurodifference but
arguably to a less distressing and impairing degree and better
able to take advantage of social life.

This evidence thus supports a relative malleability of processes
within autistic development—and the idea that the prototypic
phenotype can both emerge and relatively “sub-merge.” While
“bifurcation” suggests a linear and irreversible process,
emergence has something more of a state quality: a
combination of distributed dimensional dynamics induces a

state change with emergent characteristics, which can reverse.
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No. (%) Fisher exact test Binary logistic regression analysis®

Variable iBASIS-VIPP Usual care Odds ratio P-value Odds ratio P-value
group (n=45)  group (n=44) (95% CI) (95% CI)

DSM-5 criterion

Al: deficits in 9(20.0) 6(36.4) 0.44 (0-1.08) 0.07 0.35 (0-0.82) 0.02
social-emotional reciprocity
A2: deficits in non-verbal 13 (28.9) 7 (38.6) 0.65 (0-1.49) 0.23 0.47 (0-1.08) 0.07

communicative behaviours

used for social interaction
A3: deficits in developing, 13 (28.9) 6(36.4) 0.71 (0-1.65) 0.3 0.60 (0-1.31) 0.14
maintaining, and

understanding relationships

B1: stereotyped or repetitive 7 (15.6) 4(31.8) 0.40 (0-1.04) 0.06 0.29 (0-0.73) 0.02
motor movements, use of

objects, or speech

B2: insistence on sameness, 2(4.4) 2(4.5) 0.98 (0-9.40) 0.49 1.03 (0-6.21) 0.51
inflexible adherence to

routines, or ritualized

behaviour

B3: highly restricted fixated 3(6.7) 2(4.5) 1.49 (0-12.57) 0.67 1.16 (0-6.50) 0.56
interests that are abnormal in

intensity or focus

B4: hyperreactivity or 2 (4.4) 8(18.2) 0.21 (0-0.94) 0.04 0.13 (0-0.53) 0.02
hyporeactivity sensory input

or unusual sensory interests

Diagnosis

ASD 3(6.7) 9(20.5) NA 0.07 0.18 (0-0.68)" 0.02
Atypical development 37 (82.2) 27 (61.4) NA NA NA NA
Typical development 5(11.1) 8(18.2) NA NA NA NA

Reproduced from Whitehouse et al. (44).

ASD, autism spectrum disorder; DSM-5, Diagnostic and Statistical Manual of Mental Disorders (Fifth edition); iBASIS-VIPP, iBASIS-Video Interaction to Promote Positive Parenting;
NA, not applicable.

*The binary logistic regression analysis incorporated the following covariates: infant age at the 24-month postbaseline assessment, baseline score on the Autism Observation Scale for
infants, and infant sex.

bThe binary logistic regression analysis comparing ASD vs. no ASD incorporated the following covariates: infant age at the 24-month postbaseline assessment, baseline score on the
Autism Observation Scale for infants, and infant sex.
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