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Abstract
Individuals with autism spectrum disorder (ASD) are often impaired in their ability to process multisensory
information, which may contribute to some of the social and communicative deficits that are so prevalent
in this population. Despite the increasing empirical evidence, our understanding of the cognitive and neural
architecture that underpins the development of this ability is lacking. Recent work has shown that response
times (RTs) to multisensory stimuli can be modeled using an extension of the classic race model framework
[4]. Here, we demonstrate that the basic race model architecture is predictive of multisensory benefits in
adult participants with ASD (R2

(23) = 0.25, p = 0.017), but not in children with ASD (R2
(34) = 0.012,

p = 0.531). We find that by modeling an alternative processing strategy whereby multisensory RTs are de-
termined by the preceding modality is a better predictor of behavior in autistic children than the race model
(R2

(34) = 0.14, p = 0.029). To understand the neural basis of this cognitive framework, we developed a
neuro-computational model presenting two levels of multisensory interactions: inhibition and cooperation.
This model is based on a previous neural network implementation used to explain acquisition of multisen-
sory integrative abilities at the neuronal level in the superior colliculus [2, 1]. The model suggests that
in the absence of substantial experience with multisensory stimuli (i.e., at an early stage of development),
the main interaction between sensory modalities is competition, with the preceding modality the stronger
competitor. At a later stage of development, experience with crossmodal events appears to promote posi-
tive interactions between modalities, thus enhancing behavior. These findings link our cognitive framework
to a plausible neural implementation and provide an explanation for the multisensory deficits commonly
reported in children with ASD.

Modeling the cognitive architecture
To test whether multisensory RTs in children with ASD comply with a race model architecture or an alter-
native processing strategy, we tested the ability of several models to predict empirical multisensory benefits.
We proposed two alternative strategies to the race model framework: 1) multisensory RTs are biased towards
the modality of the previous trial, irrespective of which modality wins the race; 2) multisensory RTs are bi-
ased towards a specific modality, irrespective of which modality wins the race. We parametrically varied the
contribution of the race model PA∪V (n, t) and each bias model as follows:

Model 1a =
(1 − k)ΣnPA∪V (n, t) + k(PA(AV, t) + PA(A, t) + PV (V, t))

3
(1)

where k is the contribution of each model ranging from 0 to 1 in increments of 0.25 and n is the preceding
modality. Because RTs preceded by AV trials could also be biased towards the V modality, we define
separately Model 1b by replacing PA(AV, t) with PV (AV, t) in Model 1a. Model 2a and 2b were computed
in much the same way as equation 1, except the RT bias was determined by either the A or the V modality
respectively.
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Figure 1: A, Predicted and empirical benefits in neurotypical and autistic participants with linear regression
fits. B, Correlation coefficients of regression fits in panel A represent race model performance. C, Predicted
and empirical multisensory benefits by age group. D–E, Performance of alternative models as a function of
their contribution to the race model for 6–9 year olds and 10–12 year olds.

Neural model implementation
A neural model was developed to focus on the key dynamics believed to underlie the development of mul-
tisensory integration. The model contained artificial nodes (units) grouped into topographically-organized
regions representing different circuit components. Each of the tectopetal regions were functionally divided
into two subregions: visual and auditory. The tectopetal projections from these subregions were excitatory
and topographic. Interactions between each of these modality-specific subregions implemented a default
computation that approximated a winner-takes-all (WTA) competition [3]. Effectively, only the strongest
input signal survived this competition with attrition to influence the target unit(s). For simplicity, competi-
tion to control the target unit was implemented via direct inhibitory connections between units in different
input regions. In addition, subregions extended a set of non-competitive tectopetal projections that were
excitatory, strictly topographic, modifiable by crossmodal experience, and not influenced by the WTA com-
petition. In this way, they were functionally distinct from the competitive projections. Changes in these
non-competitive projections, along with changes in the inhibitory balance between inputs, were hypothe-
sized to account for the acquisition of multisensory enhancement capabilities during normal development.

Conclusions
The ability of the race model to predict empirical multisensory benefits shifts from over-predicting it in
younger participants, to under-predicting it in adults (Fig. 1C). This fits with the predictions of our neural
model that suggest that early in development, interactions between sensory modalities reflects a competition,
inhibiting the processing of the other modality and resulting in sub-optimal behavior. It’s possible that this
competition is the cause of younger participants not exhibiting even basic statistical facilitation. This is
further supported by the minimal amount of variance explained by a race model in younger participants
compared to adults (Fig. 1A,B). A race architecture represents the most efficient processing strategy given
the task demands placed on the participant. These data suggest an alternative, and therefore less efficient,
processing strategy is being implemented by children. Our data suggest that the strategy used to couple
multisensory decision processes is biased towards the preceding modality, and not the faster modality. In
line with our neural model predictions, it is conceivable that if both signals competed for resources, the
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modality that preceded the current event would be the stronger competitor as more attentional resources
would have been allocated therein.
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