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. The GSQ score was strongly positively correlated with the Autism-Spectrum Quotient (AQ) (r = .81, p < 10 -6 , n = 245).

We further examined sensory profiles of groups with high versus low AQ. The high AQ group scored higher at the GSQ than the low AQ group for every sensory modality.

Moreover, the high AQ group showed greater consistency in their patterns of hypersensitivity and hyposensitivity between sensory modalities, and stronger correlations between hyper and hyposensitivity. Results are discussed in the context of theories accounting for atypical sensory perception in ASD.

Introduction

Autism Spectrum Disorder (ASD) is primarily characterized by deficits in social communication and interactions, and by restricted and repetitive patterns of behaviors, interests or activities. Yet, sensory abnormalities were added as a core symptom of ASD in the last version of the Diagnostic and Statistical Manual of Mental Disorders (DSM-5, American Psychiatric Association 2013). Indeed, a new criterion emerged in the restrictive and repetitive behavior section: one of the features is now having hyper-or hypo-reactivity to sensory inputs or unusual interest in sensory aspects of the environment. Interestingly, sensory abnormalities had been already noted by Kanner and Asperger in their early descriptions of autism [START_REF] Asperger | Die 'Autistischen Psychopathen' im Kindesalter[END_REF][START_REF] Frith | Autism and Asperger Syndrome[END_REF][START_REF] Kanner | Autistic disturbances of affective contact[END_REF]. As ASD diagnosis is now clearly associated with atypical sensory sensitivity, it seems important to better describe and quantify peculiarities in each sensory domain.

Hyposensitivity and hypersensitivity are both present in ASD [START_REF] Baranek | Sensory Experiences Questionnaire: discriminating sensory features in young children with autism, developmental delays, and typical development[END_REF][START_REF] Baum | Behavioral, perceptual, and neural alterations in sensory and multisensory function in autism spectrum disorder[END_REF], and are associated with under-or over-responsiveness to sensory stimuli [START_REF] Green | Over-Reactive Brain Responses to Sensory Stimuli in Youth With Autism Spectrum Disorders RH: fMRI Response to Sensory Stimuli in ASD[END_REF][START_REF] Haigh | Differential sensory fMRI signatures in autism and schizophrenia: Analysis of amplitude and trial-to-trial variability[END_REF]Tavassoli et al. 2014), as well as sensation seeking or avoidance [START_REF] Ashburner | Understanding the sensory experiences of young people with autism spectrum disorder: a preliminary investigation[END_REF][START_REF] Baranek | Sensory Experiences Questionnaire: discriminating sensory features in young children with autism, developmental delays, and typical development[END_REF][START_REF] Crane | Sensory processing in adults with autism spectrum disorders[END_REF]. Additionally, unusual sensory interests were associated with more severe autistic symptoms (Zachor and Ben-Itzchak 2013), as measured with the ADI [START_REF] Le Couteur | The autism diagnostic interview-revised (ADI-R)[END_REF] and ADOS [START_REF] Lord | The autism diagnostic observation schedule-generic: a standard measure of social and communication deficits associated with the spectrum of autism[END_REF]. Atypical sensory sensitivity has been described in every sensory modality [START_REF] Baum | Behavioral, perceptual, and neural alterations in sensory and multisensory function in autism spectrum disorder[END_REF][START_REF] Foxe | Severe multisensory speech integration deficits in high-functioning school-aged children with Autism Spectrum Disorder (ASD) and their resolution during early adolescence[END_REF]Kern et al. 2007;[START_REF] Marco | Sensory Processing in Autism: A Review of Neurophysiologic Findings[END_REF]): in the visual [START_REF] Simmons | Vision in autism spectrum disorders[END_REF], auditory [START_REF] Haesen | A review of behavioural and electrophysiological studies on auditory processing and speech perception in autism spectrum disorders[END_REF][START_REF] Sinclair | Sensory processing in autism spectrum disorders and Fragile X syndrome-From the clinic to animal models[END_REF], olfactory [START_REF] Bennetto | Olfaction and taste processing in autism[END_REF][START_REF] Dudova | Odor detection threshold, but not odor identification, is impaired in children with autism[END_REF][START_REF] Wicker | Olfactory processing in adults with autism spectrum disorders[END_REF], gustatory [START_REF] Bennetto | Olfaction and taste processing in autism[END_REF][START_REF] Tavassoli | Taste identification in adults with autism spectrum conditions[END_REF], tactile [START_REF] Blakemore | Tactile sensitivity in Asperger syndrome[END_REF][START_REF] Cascio | Tactile Perception in Adults with Autism: a Multidimensional Psychophysical Study[END_REF][START_REF] Güçlü | Tactile sensitivity of normal and autistic children[END_REF][START_REF] Puts | Impaired tactile processing in children with autism spectrum disorder[END_REF], vestibular (Kern et al. 2007) and proprioceptive [START_REF] Riquelme | Abnormal Pressure Pain, Touch Sensitivity, Proprioception, and Manual Dexterity in Children with Autism Spectrum Disorders[END_REF] modalities.

Hyper-reactivity to sensory inputs has been one of the main findings. More than 90% of the individuals with ASD would be concerned with sensory abnormalities [START_REF] Crane | Sensory processing in adults with autism spectrum disorders[END_REF][START_REF] Leekam | Describing the sensory abnormalities of children and adults with autism[END_REF][START_REF] Marco | Sensory Processing in Autism: A Review of Neurophysiologic Findings[END_REF].

Theories accounting for an abnormal sensory sensitivity in ASD mostly focus on sensory hypersensitivity, and often fail to explain both hypersensitivity and hyposensitivity.

The Enhanced Perceptual Functioning (EPF) theory of ASD suggested increased perceptual ability in ASD [START_REF] Mottron | Enhanced perceptual functioning in autism: an update, and eight principles of autistic perception[END_REF][START_REF] Mottron | Enhanced perceptual functioning in the development of autism[END_REF]. In this view, sensory hypersensitivity could contribute to superior discrimination performance or peaks of ability found in ASD. Besides, the Intense World Syndrome theory suggested that sensory hypersensitivity could be related to excessive neural processing and neural hyper-reactivity [START_REF] Markram | The intense world syndrome--an alternative hypothesis for autism[END_REF][START_REF] Markram | The Intense World Theory -A Unifying Theory of the Neurobiology of Autism[END_REF]. Furthermore, theories suggesting either an increased or decreased level of endogenous neural noise in ASD could lead to hypo-or hyper-sensitivity [START_REF] Dakin | Vagaries of visual perception in autism[END_REF][START_REF] Davis | Low endogenous neural noise in autism[END_REF][START_REF] Simmons | Response to Davis and Plaisted-Grant: Low or high endogenous neural noise in autism spectrum disorder?[END_REF][START_REF] Simmons | Neural noise and autism spectrum disorders[END_REF]. Bayesian theories propose that peculiar sensory sensitivity in ASD could be due to an atypical relative weighting of the confidence in incoming sensations and the confidence associated with sensory predictions, in a given context [START_REF] Brock | Alternative Bayesian accounts of autistic perception: comment on Pellicano and Burr[END_REF][START_REF] Haker | Can Bayesian Theories of Autism Spectrum Disorder Help Improve Clinical Practice[END_REF][START_REF] Lawson | An aberrant precision account of autism[END_REF][START_REF] Palmer | Bayesian Approaches to Autism: Towards Volatility, Action, and Behavior[END_REF][START_REF] Pellicano | When the world becomes "too real": a Bayesian explanation of autistic perception[END_REF][START_REF] Van De Cruys | Weak priors versus overfitting of predictions in autism: Reply to Pellicano and Burr (TICS[END_REF], 2014, 2016). Within this framework, the predictability of the sensation plays a central role. The presence of both hypersensitivity and hyposensitivity in ASD (or in people with high autistic traits) would suggest that the atypical reactivity to sensory stimulations in ASD would be contextual, rather than uniformly characterized by a higher/lower sensitivity of the receptors and/or perceptual systems.

Relationships between sensory sensitivity peculiarities and autistic traits have been often investigated using self-administered sensory questionnaires and the Autism-Spectrum Quotient [START_REF] Horder | Autistic traits and abnormal sensory experiences in adults[END_REF][START_REF] Robertson | The Relationship between Sensory Sensitivity and Autistic Traits in the General Population[END_REF][START_REF] Takayama | Standardization of the Japanese version of the Glasgow Sensory Questionnaire (GSQ)[END_REF]Tavassoli et al. 2014;[START_REF] Ward | Atypical sensory sensitivity as a shared feature between synaesthesia and autism[END_REF]. The Autism-Spectrum Quotient (AQ) [START_REF] Baron-Cohen | The autismspectrum quotient (AQ): evidence from Asperger syndrome/high-functioning autism, males and females, scientists and mathematicians[END_REF] is a self-administered questionnaire, which is probably the most widely used questionnaire assessing autistic traits in adults with no intellectual disability. The AQ is made of 50 items assessing social skills, attention switching, attention to details, communication and imagination. As the AQ has adequate levels of specificity and sensitivity, it allows targeting individuals with high AQ who would also meet the criteria for ASD diagnosis in large sample data [START_REF] Baron-Cohen | The autismspectrum quotient (AQ): evidence from Asperger syndrome/high-functioning autism, males and females, scientists and mathematicians[END_REF][START_REF] Lundqvist | Is the Autism-Spectrum Quotient a Valid Measure of Traits Associated with the Autism Spectrum? A Rasch Validation in Adults with and Without Autism Spectrum Disorders[END_REF][START_REF] Sonié | The French version of the autism-spectrum quotient in adolescents: a cross-cultural validation study[END_REF]. Limitations of the AQ include the relatively low internal consistency of its subscores, as well as results

showing that the AQ does not meet all criteria for a unidimensional scale of autistic traits [START_REF] Lundqvist | Is the Autism-Spectrum Quotient a Valid Measure of Traits Associated with the Autism Spectrum? A Rasch Validation in Adults with and Without Autism Spectrum Disorders[END_REF].

The AQ is strongly positively correlated with the Glasgow Sensory Questionnaire (GSQ -a sensory sensitivity questionnaire) in participants with low and high AQ [START_REF] Robertson | The Relationship between Sensory Sensitivity and Autistic Traits in the General Population[END_REF], or in neurotypical and ASD individuals [START_REF] Takayama | Standardization of the Japanese version of the Glasgow Sensory Questionnaire (GSQ)[END_REF][START_REF] Ward | Atypical sensory sensitivity as a shared feature between synaesthesia and autism[END_REF]. Particularly, Horder and colleagues [START_REF] Horder | Autistic traits and abnormal sensory experiences in adults[END_REF] showed that the AQ was more strongly correlated with the GSQ [START_REF] Robertson | The Relationship between Sensory Sensitivity and Autistic Traits in the General Population[END_REF] than with the Adult/Adolescent Sensory Profile (AASP) [START_REF] Brown | Adult/adolescent sensory profile: user's manual[END_REF]. The GSQ is a 42-item self-questionnaire measuring the frequency of atypical sensory processing events [START_REF] Robertson | The Relationship between Sensory Sensitivity and Autistic Traits in the General Population[END_REF]. It investigates both hypersensitivity and hyposensitivity in the visual, auditory, olfactory, gustatory, tactile, vestibular and proprioceptive modalities. Contrary to the AASP which was not specifically developed for individuals with ASD, the GSQ targets sensory experiences that can be encountered in the daily-life of people with ASD or high AQ.

In addition, the GSQ assesses seven sensory modalities, whereas the AASP investigates only five sensory modalities. Other existing tools assessing sensory sensitivity include the recent Sensory Perception Quotient (Tavassoli et al. 2014), but which does not allow the investigation of the seven sensory modalities and which does not weight equally each sensory modality. The Cardiff Anomalous Perceptions Scale (CAPS) has also been related to autistic traits [START_REF] Horder | Autistic traits and abnormal sensory experiences in adults[END_REF][START_REF] Milne | Adults with autism spectrum conditions experience increased levels of anomalous perception[END_REF]), but it targets perceptual abnormalities in a context of psychosis and includes items assessing sensory sensitivity but also many unrelated items such as those dealing with hallucinations. In the present study, as we aimed at measuring sensory hypersensitivity and hyposensitivity in each of the seven sensory modalities, we prioritized the use of the GSQ.

Previous studies on the GSQ did not detail its internal structure, nor the scores of hypersensitivity and hyposensitivity separately, per sensory modality [START_REF] Robertson | The Relationship between Sensory Sensitivity and Autistic Traits in the General Population[END_REF][START_REF] Takayama | Standardization of the Japanese version of the Glasgow Sensory Questionnaire (GSQ)[END_REF]. This aspect would be useful to better characterize sensory profiles in groups of individuals with low and high AQ. Refining sensory profiles in ASD could help determining whether hypersensitivity prevails in ASD, which could be consistent with the low endogenous noise theory of ASD [START_REF] Davis | Low endogenous neural noise in autism[END_REF], the Intense World Syndrome theory [START_REF] Markram | The intense world syndrome--an alternative hypothesis for autism[END_REF][START_REF] Markram | The Intense World Theory -A Unifying Theory of the Neurobiology of Autism[END_REF] or the EPF theory [START_REF] Mottron | Enhanced perceptual functioning in autism: an update, and eight principles of autistic perception[END_REF][START_REF] Mottron | Enhanced perceptual functioning in the development of autism[END_REF]. It would also help showing whether sensory peculiarities increase linearly when the AQ increases, or whether atypical sensory profiles characterize people with high AQ or ASD. The second assumption would be associated with a distinct pattern of hyper and hyposensitivity GSQ scores across modalities in a high AQ group as compared to a low AQ group, and by a non-linear relationship between the AQ and GSQ scores across the whole AQ range. In particular, theories suggesting peaks of enhanced perceptual abilities in ASD [START_REF] Mottron | Enhanced perceptual functioning in autism: an update, and eight principles of autistic perception[END_REF][START_REF] Mottron | Enhanced perceptual functioning in the development of autism[END_REF] would be consistent with a more heterogeneous pattern of hypersensitivity in the high AQ group as compared to the low AQ group. Indeed, sensory expertise should be associated with heterogeneous profiles showing a heightened hypersensitivity score for a specific sensory modality.

The structure of the GSQ and the fact that it was specifically developed to target the sensory issues associated with ASD make it a powerful tool to describe sensory profiles in ASD. It seems important to underline that sensory sensitivity, assessed by questionnaires like the GSQ, provide measurements of self-reported (subjective) reactivity to sensory stimulations, rather than objective measurements of sensitivity of the sensory systems (e.g. such as measures of perception threshold). As research on sensory sensitivity in ASD is a growing topic, it is important to have a tool that enables to individually quantify subjective sensitivity in behavioral or neuroimaging studies. In addition, it could help defining groups of participants with clearly established and/or homogeneous sensory profiles. Apart from research purposes, refining sensory sensitivity profiles could also contribute to define better sensory environments for individuals with high AQ or with ASD, by providing a somewhat comprehensive definition of their sensory sensitivity. As subjective reports show that unusual sensory experiences have a significant impact on the daily life of individuals with ASD [START_REF] Kirby | Sensory experiences of children with autism spectrum disorder: In their own words[END_REF][START_REF] Robertson | The sensory experiences of adults with autism spectrum disorder: A qualitative analysis[END_REF], a tool quantifying these experiences is necessary.

The GSQ was originally designed in English [START_REF] Robertson | The Relationship between Sensory Sensitivity and Autistic Traits in the General Population[END_REF]) and its Japanese translation has been validated [START_REF] Takayama | Standardization of the Japanese version of the Glasgow Sensory Questionnaire (GSQ)[END_REF]. The GSQ needs to be crossculturally adapted and translated to be used as a standard across international studies. The process of cross-cultural adaptation of a questionnaire involves more than a simple translation: according to the Universalist model of cross cultural adaptation of health questionnaires [START_REF] Herdman | A model of equivalence in the cultural adaptation of HRQoL instruments: the universalist approach[END_REF], six types of equivalences between the original questionnaire and the translated questionnaire must be considered. Semantic equivalence relates to the translation and operational equivalence deals with the way the questionnaire can be presented, administered and scored. Item and conceptual equivalences deal with how the concepts are equivalent between one country and another, and this equivalence can be tested by comparing internal structures of the questionnaires obtained in several languages and/or countries. In order to validate the translation of a questionnaire, its internal structure should show the same main factors regardless of the country and/or language it is in. From the way the GSQ is constructed, we would expect either a structure reminding of the seven sensory modalities tested, or separating hyposensitivity from hypersensitivity items regardless of the sensory modality tested, or a mix of the two. The analysis of the internal structure would also potentially allow a distinction between populations, not only based on a global score, but also on differential relationships between the items of the questionnaire. Hence, we analyzed the GSQ internal structure on a high AQ group and of a low AQ group, using both factor analysis and hierarchical cluster analysis, the latter giving a unique picture of the dimensionality of a scale. As the GSQ was recently developed (2013), the GSQ internal structure has not been assessed yet, so we provide detailed factor analysis results to allow comparison with further cross-cultural adaptation studies of the GSQ. The last two equivalences, within the Universalist framework, comprise measurement equivalence, that deals with psychometric properties, indices of internal consistency and construct validity, and functional equivalence, that assesses the overall equivalence of results of questionnaires used in different languages/countries. The present work had two main aims: (1) the validation of a French language version of the GSQ according to the Universalist model of cross-cultural adaptation [START_REF] Herdman | A model of equivalence in the cultural adaptation of HRQoL instruments: the universalist approach[END_REF], and (2) the refinement of the sensory profiles of individuals with high or low AQ. To do so, both GSQ and AQ questionnaires were presented in the same population of adults. We specifically targeted neurotypical participants and participants suspected to have ASD. Aim 1 involved the exploration of the reliability, construct validity and internal structure of the questionnaire, and a comparison of results with the available studies using the GSQ [START_REF] Horder | Autistic traits and abnormal sensory experiences in adults[END_REF][START_REF] Robertson | The Relationship between Sensory Sensitivity and Autistic Traits in the General Population[END_REF][START_REF] Takayama | Standardization of the Japanese version of the Glasgow Sensory Questionnaire (GSQ)[END_REF][START_REF] Ward | Atypical sensory sensitivity as a shared feature between synaesthesia and autism[END_REF]. Aim 2 involved the analysis of sensory sensitivity profiles in groups of participants with low or high AQ. The relationships between hypersensitivity and hyposensitivity scores were compared between groups in order to know whether the high AQ group would show a specific sensory sensitivity profile, besides from higher GSQ scores. Within groups, hyper-and hyposensitivity scores were compared in each of the seven sensory modalities to assess whether hyper or hyposensitivity predominated. Finally, the cluster and factor analyses performed in each group enabled a clearer description of the sensory profiles and of the GSQ response consistency in each group.

Material and Methods

Participants

This study involved 245 participants (114 females and 131 males, mean age: 32.1 ±10.8 years old). Demographic data are described in Table 1. Participants anonymously completed the AQ and the GSQ, as well as a short demographical questionnaire asking for age, education level (number of years of formal education), gender, and diagnosis ("ASD diagnosis", "no ASD diagnosis" and/or "other psychiatric or neurologic trouble"). Onehundred and forty-five participants reported having no diagnosis of ASD, and 95 participants reported having a formal ASD diagnosis. Inclusion criteria were being aged between 18 and 65, declaring to not suffer from other psychiatric or neurological troubles, and having filled up the three questionnaires entirely. Participants were informed that it would take about 25 minutes to complete the three questionnaires. Questionnaires were first anonymously fulfilled by individuals with ASD who used to participate in our studies. One of the participants with ASD proposed to post a link to the questionnaires on her personal webpage, a blog on Asperger syndrome mostly followed by women with ASD. Finally, participants with no ASD diagnosis were participants who used to take part in our past studies, acquaintances of the laboratory members, and individuals who might have seen the questionnaires on the previously mentioned blog on Asperger syndrome (but who reported having no formal diagnosis of ASD).

[Please, insert Table 1] The Autism-Spectrum Quotient questionnaire

The Autism-Spectrum Quotient (AQ) is a 50-item questionnaire assessing social skills, attention switching, attention to details, communication and imagination [START_REF] Baron-Cohen | The autismspectrum quotient (AQ): evidence from Asperger syndrome/high-functioning autism, males and females, scientists and mathematicians[END_REF]. For items such as, "I find social situations easy", participants have to choose which answer best describes how the item applies to them: definitely agree, slightly agree, slightly disagree and definitely disagree. Depending on the items, the answers definitely agree and slightly agree score 1 point, and the answers slightly disagree and definitely disagree score 0 point, or vice-versa. Total scores can range from 0 to 50. The higher the AQ is, the more autistic traits are found. In our study, participants completed the validated French version of the AQ [START_REF] Sonié | French version of screening questionnaire for high-functioning autism or Asperger syndrome in adolescent: Autism Spectrum Quotient, Empathy Quotient and Systemizing Quotient. Protocol and questionnaire translation[END_REF].

We used a standard AQ cut-off of 26 and above for the high AQ group, and an AQ below 26 for the low AQ group [START_REF] Baron-Cohen | The autismspectrum quotient (AQ): evidence from Asperger syndrome/high-functioning autism, males and females, scientists and mathematicians[END_REF][START_REF] Sonié | The French version of the autism-spectrum quotient in adolescents: a cross-cultural validation study[END_REF]Tavassoli et al. 2014). Sonié and colleagues (2013) showed that a cut-off score of 26 at the French version of the AQ distinguished ASD from control participants, with a sensitivity of 89% and a specificity of 98%. In the present study, the low AQ group consisted of 143 participants, including 5 individuals who reported having a formal diagnosis of ASD. The high AQ group consisted of 102 participants, including 90 individuals who reported having a formal diagnosis of ASD. The demographical data of the two groups are described in Table 1.

The Glasgow Sensory Questionnaire (GSQ)

The GSQ is a self-administered questionnaire for adults, investigating both hypersensitivity (21 questions) and hyposensitivity (21 questions) in seven sensory modalities: vision, olfaction, taste, audition, touch, proprioception, and vestibular sensations [START_REF] Robertson | The Relationship between Sensory Sensitivity and Autistic Traits in the General Population[END_REF]. In each modality, three questions assess hypersensitivity, and three others hyposensitivity. The questionnaire evaluates how frequently some sensory events are experienced by the participant (for instance, "Do you find certain noises/pitches of sound annoying?"). Participants answer using the scale: never (0 point), rarely (1 point), sometimes (2 points), often (3 points) or always (4 points). Total scores can range from 0 to 168 points.

Translation of the Glasgow Sensory Questionnaire

The GSQ was translated into French, after an agreement with the authors of the original English version (A. Robertson and D. Simmons), using the guidelines setup by the European Regulatory Issues on Quality of Life Assessment (ERIQA) group [START_REF] Acquadro | Literature review of methods to translate health-related quality of life questionnaires for use in multinational clinical trials[END_REF]. This involved a translation/expert committee, which is now considered superior to the well-known back-translation procedure [START_REF] Douglas | Collaborative and Iterative Translation: An Alternative Approach to Back Translation[END_REF][START_REF] Epstein | Crosscultural adaptation of the Health Education Impact Questionnaire: experimental study showed expert committee, not back-translation, added value[END_REF] of four English/French bilinguals, with expertise in autism. Once a consensus was reached, the translation was tested using a focus group of six French native participants (3 neurotypicals and 3 with ASD), representatives of the target population, whose input prompted minor changes in the wording of item number 5. Participants were always encouraged to query if one item seemed not clear, but no requests were made and no missing answers were obtained for any of the items. The translated French language version is available in Appendix 1.

Data analysis

Scores calculation

For each participant, we calculated the total AQ score (which can range from 0 to 50), and the five AQ subscores (which can range from 0 to 10) depicting social skills, attention to skills, attention to details, communication skills, and imagination skills. In addition, we calculated the GSQ score (which can range from 0 to 168), corresponding to the sum of the hypersensitivity and hyposensitivity scores (each ranging up to 84, and made of 21 items). We also extracted the subscores corresponding to each of the seven sensory modalities (each ranging up to 24), as well as the fourteen subscores corresponding to scores of hypersensitivity or hyposensitivity in each of the seven sensory modalities (each ranging up to 12). We calculated three coefficients of variation: one calculated across the seven sensory modalities, one across the 14 subscales (hypersensitivity and hyposensitivity scores of the seven sensory modalities), and one across the 42 items of the GSQ.

Cross sample and cross language comparisons

The scores obtained in the present study were compared to the scores obtained by Robertson &[START_REF] Robertson | The Relationship between Sensory Sensitivity and Autistic Traits in the General Population[END_REF][START_REF] Ward | Atypical sensory sensitivity as a shared feature between synaesthesia and autism[END_REF] English populations, and to the scores obtained by [START_REF] Takayama | Standardization of the Japanese version of the Glasgow Sensory Questionnaire (GSQ)[END_REF] in a Japanese population. The mean scores and standard deviations obtained at each question of the GSQ from the original English version were correlated to our results using Pearson correlation test. Mean scores were compared between these two versions using one-way t-test comparing our samples to the mean obtained in the English version.

Internal structure analysis

Common factor analysis was performed on the 42 GSQ items for the entire population (n = 245), and on the 14 GSQ subscales of the low AQ and high AQ groups, using parallel analysis for number of factors extraction and oblique (oblimin) factor rotation. Separate analysis for both low AQ and high AQ group allowed to compare the internal structure of the GSQ in both groups and to identify underperforming items. For factor extraction, both the maximum likelihood and principal axis factoring methods were used [START_REF] Beavers | Practical Considerations for Using Exploratory Factor Analysis in Educational Research[END_REF]), but as they yielded very similar results, only the results pertaining to the maximum likelihood method are reported. In order to determine whether factors obtained on the 14 GSQ subscales reflect the same intended structure, hierarchical cluster analyses using Revelle's ICLUST algorithm [START_REF] Revelle | ICLUST: A cluster analytic approach to exploratory and confirmatory scale construction[END_REF][START_REF] Revelle | Hierarchical Cluster Analysis And The Internal Structure Of Tests[END_REF] were performed. Revelle's method has been specifically designed to visualize questionnaire scales and subscales, based on two indices: alpha and beta coefficients. Alpha coefficient (mean split-half reliability) measures internal consistency, while Beta coefficient reflects factorial homogeneity (specifically, beta is the worst split-half reliability of a scale, and hence is lower than alpha). In short, the scale structure is built starting from two-item clusters showing the highest similarity between each other, and an item is added to the initial two-item cluster only if this addition improves the internal consistency (measured by alpha) and/or the factorial homogeneity (measured by beta) of the cluster. These results are given in a hierarchical tree diagram of clusters that displays the internal sub-structure of the scale, allowing the definition of homogeneous subscales. The tree diagram connects increasingly less similar items and/or clusters from left to right: the most similar items are combined first, and the most dissimilar items are added last. Alpha and beta coefficients are provided for each cluster, and correlation coefficients are given for each connection. Alpha above .8 and beta above .7, with differences between them lower than .1 are considered good signs of homogeneity and internal consistency [START_REF] Cooksey | Coefficient Beta and Hierarchical Item Clustering: An Analytical Procedure for Establishing and Displaying the Dimensionality and Homogeneity of Summated Scales[END_REF]). An index of goodness of fit allows a comparison of the quality of the structures. The fit of the different models to the data was checked by the RMSR method (root mean square residuals), where a value below .05 is considered a good fit, and values between .05 and .08 a fair fit [START_REF] Cooksey | Coefficient Beta and Hierarchical Item Clustering: An Analytical Procedure for Establishing and Displaying the Dimensionality and Homogeneity of Summated Scales[END_REF][START_REF] Fabrigar | Evaluating the use of exploratory factor analysis in psychological research[END_REF]). This technique is considered as very complementary to the more classical approach of factor analysis and is less method dependent [START_REF] Cooksey | Coefficient Beta and Hierarchical Item Clustering: An Analytical Procedure for Establishing and Displaying the Dimensionality and Homogeneity of Summated Scales[END_REF]). Factor, cluster and internal validity measures were performed using the "Psych" package version 1.6.9 (Revelle, 2008) within the R statistical package version 3.3.1 (June 2016).

Structural validity assessment

Correlations between the AQ and GSQ scores were performed using Pearson correlation analysis. When multiple comparisons were performed, the p-value was corrected by the number of comparisons using Bonferroni correction. Hence, for correlations involving the five subscales of the AQ scores, the significance threshold was set at p corrected < .01. For correlations involving the seven subscales of the GSQ scores, the significance threshold was set at p corrected < .007.

Group comparisons

Comparisons of the total AQ or GSQ scores between the low and high AQ groups were examined using Student's t tests. The differences in subscores of the GSQ were studied using three-way mixed ANOVA with factor group (two levels, inter-subjects), sensory modality (seven levels, intra-subjects) and hyper/hyposensitivity aspects (two levels, intrasubjects). Within groups, hyper and hyposensitivity scores were compared using paired Student t-tests. Correlation matrices were compared using Steiger test [START_REF] Steiger | Testing Pattern Hypotheses On Correlation Matrices: Alternative Statistics And Some Empirical Results[END_REF] (implemented in Revelle's Psych° package). Correlation coefficients were compared between groups using Fisher r-to-z transformation.

All statistical analyses were performed using R (http://www.r-project.org/, version 3.3.1.) and the threshold for statistical significance was set at p < .05, and was corrected for multiple comparisons using Bonferroni correction.

Results

Validation of the French version of the GSQ

Comparisons across samples and languages

Both the mean AQ and GSQ in the present study were very close to the ones found in the English version [START_REF] Robertson | The Relationship between Sensory Sensitivity and Autistic Traits in the General Population[END_REF]: mean AQ of 23.0 (±13.8) in the French version and of 22.5 (±10.6) in the English version, mean GSQ of 58.7 (±28.4) in the French version and of 56.7 (±23.6) in the English version. The mean scores of each of the 42 questions were highly positively correlated between the English and the French versions (r = .83, p < 10 -6 ) (Figure 1.A). Moreover, for each question, the mean score in the French version was at less than one standard deviation from the mean of the English version, except for question n°39 (French study: score = 1.4 ±1.3, English study: score = 0.3 ±0.7, t = 14, p < 10 - 6 ) (Figure 1.B). The standard deviations of the scores of the GSQ questions were positively correlated between the French and English versions (r = .63, p < 10 -5 ). Finally, the correlation coefficients between the AQ and the GSQ were also very similar in the two studies (French study: r = .81; English study: r = .78).

The 14 GSQ subscores (hyper-or hyposensitivity scores across the seven sensory modalities) were highly correlated in our dataset and in the dataset by Ward and colleagues [START_REF] Ward | Atypical sensory sensitivity as a shared feature between synaesthesia and autism[END_REF]). Indeed, there was a strong correlation between the scores they got in their control group (whose mean AQ was 19) and the scores from our group of participants with low AQ (r = .90, p < 10 -4 ). In addition, there was a strong correlation between the scores of their ASD group and of our high AQ group (r = .96, p < 10 -4 ).

The GSQ subscores from the seven sensory modalities obtained in our low AQ group correlated with the subscores from the control groups in the English [START_REF] Ward | Atypical sensory sensitivity as a shared feature between synaesthesia and autism[END_REF]) (r = .93, p < .01) and Japanese [START_REF] Takayama | Standardization of the Japanese version of the Glasgow Sensory Questionnaire (GSQ)[END_REF]) (r = .82, p < .05) GSQ studies.

[Please, insert Figure 1]

Internal reliability

Cronbach's alpha, which assesses reliability, was equal to .95 for the all 42 items and to .94 for the 14 subscales. Per group, it was equal to .86 in the low AQ group and to .93 in the high AQ group for the 42 items. For the 14 subscales, it was equal to .84 in the low AQ group and to .91 in the high AQ group.

Item to total correlations was .59 on average, with the lowest correlations for two questions assessing olfactory hyposensitivity (question n°36 (.18) and n°17 (.33)). It was equal to .38 in the low AQ group and to .50 in the high AQ group. The details of those correlations are given in Appendix 2 (Table SI

-B).
Factor analysis of the internal structure (42 questions, 245 subjects) Prior to factor analysis, ten multivariate outliers found using Mahalanobis distance with p < 10 -3 were excluded, leaving 235 cases, with a ratio of subjects per variable of 5.6.

The Kaiser-Meyer-Olkin measure of sampling adequacy (KMO) was .94 and all values for individual items were greater than .84, except for two items assessing olfactory hyposensitivity (items n°36: .58 and n°7: .78). Bartlett's test was highly significant (χ 2 > 5162, p < 10 -4 ), confirming that correlations between individual items were sufficient.

The maximum likelihood method was used for factor extraction. Two factors had an eigenvalue greater than 1, with percentages of variance explained of 36% and 3%. Inspection of Cattell's scree plot, parallel analysis and Velicer's MAP criterion [START_REF] Velicer | Determining the number of components from the matrix of partial correlations[END_REF]) gave two factors. The fit of the model to the data was good, based on a RMSR result of .03, where a value below .05 is considered a good fit [START_REF] Fabrigar | Evaluating the use of exploratory factor analysis in psychological research[END_REF][START_REF] Field | Discovering Statistics Using R[END_REF]). The residuals were normal (Kolmogorov-Smirnov test = .02, p > .05). The Tucker Lewis Index of factoring reliability was .84 and the comparative fit index (CFI) was .86, which is in the lower range of acceptable fits. The average communalities obtained across the 42 items was .39 (±.13), with seven items below .30. The lowest communalities were obtained for three items investigating the hyposensitivity olfactory modality (n°7, 17 and 36).

Oblique rotation showed two underlying factors, explaining respectively 25% and 14% of variance. The correlation between these two factors was .62. The individual loadings of each factor on the 42 items are given in Appendix 2 (Table SI-C) and are summarized here.

The loadings on Factor 1 involved 25 items, including 19 items assessing hypersensitivity. The highest loads (>.60) were obtained for ten hypersensitivity items.

The loadings on Factor 2 involved 16 items including 12 items with loads ranging from .41 to .71, all assessing hyposensitivity. Among these items, six showed a high degree of crossload between both factors (one gustatory, three proprioceptive and two visual). One olfactory hyposensitivity item (n°7) did not load sufficiently on any factor.

Although not every item is loading clearly on one single factor, the two-factor solution is in agreement with Factor 1 regrouping mostly hypersensitivity items and Factor 2 regrouping hyposensitivity items.

[Please, insert Figure 2]

Relationship between the GSQ sensory score and the AQ

The AQ scores ranged from 1 to 49 (mean = 23.0 ±13.8), and the GSQ scores ranged from 12 to 144 (mean = 58.7 ±28.4) (Table 1). The GSQ and AQ were highly positively correlated (r = .81, p < 10 -6 , Figure 2.A). The subscales of the AQ positively correlated with the total GSQ score. The GSQ subscales also correlated with the total AQ (Table 2). Finally, the hypersensitivity and hyposensitivity scores of the GSQ were strongly correlated (r = .82, p < 10 -6 , Figure 2.B) in total, and for each sensory modality (Table 3).

[Please, insert Table 2]

Group comparison: low AQ versus high AQ groups

The demographic data of the two groups and basic descriptive statistics are given in Table 1. The average AQ of the low AQ group was 12.4 (±5.1), while the high AQ group scored 38.0 (±6.0) in average (group difference: t = 35, p < 10 -6 ). The GSQ was significantly higher in the high AQ group than in the low AQ group for the total score (82.8 ±25.4 vs. 41.6 ±14.7, t = 15, p < 10 -6 ), the hypersensitivity score (46.9 ±14.9 vs. 21.9 ±8.4, t = 15, p < 10 -6 ), and the hyposensitivity score (35.9 ±12.4 vs. 19.6 ±8.0, t = 12, p < 10 -6 ) (Figure 3.A).

[Please, insert Figure 3]

Correlation between the AQ and GSQ scores

The GSQ and AQ scores were positively correlated in both groups (low AQ: r = .45, p < 10 -6 , high AQ: r = .62, p < 10 -6 , Figure 2.A), with a significantly different linear relationship between the two groups. The relationship between the GSQ score and AQ writes as follows:

[GSQ = 1.3*AQ + 25.5] in the low AQ group, and [GSQ = 2.6*AQ -16.0] in the high AQ group. The 95% confidence intervals of the slopes were [0.87, 1.7] in the low AQ group, and [1.9, 3.3] in the high AQ group. The 95% confidence intervals of the intercepts were [19.7, 31.2] in the low AQ group and [-41.4, 9.3] in the high AQ group. Hence, the 95% confidence intervals of both slopes and intercepts did not overlap between groups.

The correlations between the subscales of the GSQ and of the AQ are described in Table 2. Fisher's z' transformations showed that correlation coefficients were significantly greater in the high AQ group than in the low AQ group for the correlation between the AQ and the hypersensitivity GSQ score (r = .61 vs. r = .37, t = 2, p < .01). Moreover, in the high AQ group, correlation coefficients were also stronger for the correlation between the AQ and the olfactory GSQ subscore (r = .45 vs. r = .12, t = 3, p < .01) and the tactile GSQ subscore (r = .30 vs. r = .54, t = 2, p < .05) than the low AQ group. A stronger correlation in the high AQ group was also found between the total GSQ score and the communication AQ subscore ( r = .52 vs. r = .28, t = 2, p < .05).

[Please, insert Table 3]

GSQ hypersensitivity and hyposensitivity scores

The hypersensitivity and hyposensitivity scores of the GSQ were highly positively correlated within groups (low AQ: r =.60, p < 10 -6 ; high AQ: r = .73, p < 10 -6 ; Figure 2.B, Table 3). Significantly greater correlation coefficients were found in the high AQ group as compared to the low AQ group for the correlations between the hypersensitivity and hyposensitivity scores for the visual (r = .54 vs. r = .31, t = 2, p < .05) and the vestibular (r = .46 vs. r = .18, t = 2, p < .01) modalities, and a marginally significant difference was found for the gustatory modality (r = .45 vs. r = .23, t = 2, p = .06).

The ANOVA investigating the effect of group (2 levels), sensory modality (7 levels) and hyper or hyposensitivity (2 levels) on scores, revealed a group effect (F(1,243) = 255, p < 10 -6 ), a sensory modality effect (F(6,1458) = 175, p < 10 -6 ), and a hyper/hyposensitivity effect (F(1,243) = 115, p < 10 -6 ) (Figure 3). There was an interaction between group and sensory modality (F(6,1458) = 11, p < 10 -6 ), and hyper/hyposensitivity (F(1,243) = 61, p < 10 -6 ).

Finally, there was a triple interaction between group, sensory modality and hyper/hyposensitivity (F(6,1458) = 9, p < 10 -6 ). In both groups, the GSQ scores were higher for hypersensitivity than hyposensitivity: 21.9 (±8.4) versus 19.6 (±8.0) (t = 4, p < 10 -6 ) in the low AQ group, and 46.9 (±14.9) versus 35.9 (±12.4) (t = 11, p < 10 -6 ) in the high AQ group (Figure 3

.A).

The high AQ group scored higher than the low AQ group at every subscale (p < 10 -6 for every modality, Figure 3

.B).

Within group, both the low AQ and high AQ groups reported significantly higher hypersensitivity than hyposensitivity for the visual, auditory and vestibular modalities (Figure 3.B). Both groups showed higher hyposensitivity than hypersensitivity for the proprioceptive modality. Contrary to the low AQ group, the high AQ group also showed significantly higher scores in hypersensitivity than hyposensitivity for the gustatory, olfactory and tactile modalities.

The difference between the hypersensitivity score and the hyposensitivity score was significantly greater in the high AQ group than in the low AQ group (11.0 ±10.2 vs. 2.3 ±7.3, t = 6, p < 10 -6 ). In order to estimate the relative weight of the hyper and hyposensitivity scores, we divided the hypersensitivity score by the hyper plus hyposensitivity scores in each sensory modality. Results showed higher relative hypersensitivity in the high AQ group as compared to the low AQ group for the gustatory (54% vs. 47%, t = 3, p < .01), olfactory (64% vs. 47%, t = 6, p < 10 -6 ) and proprioceptive (45% vs. 35%, t = 3, p < .01) modalities (these pvalues are all under the .007 threshold with Bonferroni correction).

Correlation matrices between the GSQ subscores

Correlation matrices between the 42 items of the GSQ showed greater correlations for the high AQ group than the low AQ group (χ 2 = 1803, p < 10 -6 ), especially between items representing the same modalities. Similar differences in correlations between the 14 subscales (hyposensitivity and hypersensitivity in the seven sensory modalities) were observed, with significantly greater correlations within the high AQ group than within the low AQ group (χ 2 = 220, p < 10 -6 ). Between groups, no significant differences were observed in the correlation matrices obtained with the hyposensitivity subscores (χ 2 = 28, p > .05). However, highly significant group differences were obtained for hypersensitivity subscores (χ 2 = 85, p < 10 -6 , Figure 4).

As these stronger correlations suggest greater consistency of the high AQ group responses, it led us to analyze the variation coefficient calculated for each subject across the 14 subscales. The analysis of variance showed a significantly greater variation coefficient in the low AQ group (64% ±19) than in the high AQ group (46% ±19) (F(1,239) = 50, p < 10 -6 ).

The same differences between groups were obtained whether the variation coefficients were calculated across the seven hypersensitivity subscales, the seven hyposensitivity subscales, the 14 subscales or the 42 items (105% ±27 vs. 70 % ±27; F(1,239) = 101, p < 10 -6 ). This variation coefficient was negatively correlated with the GSQ score (r = -.78, p < 10 -6 ) and with the AQ score (r = -.52, p < 10 -6 ). In other words, in the high AQ group, subjects not only had greater GSQ scores but also tended to be more consistent in their answers.

[Please, insert Figure 4]

Factor analysis on the 14 subscales in the low AQ and high AQ groups:

As one of the advantages of the GSQ is to be able to test both hyposensitivity and hypersensitivity on seven sensory modalities, we proceeded with a factor analysis on the 14 subscales. This allowed to maintain a good subject to variable ratio (i.e., > 7) whilst being able to perform it separately on the two AQ groups: as the correlation matrices of both groups showed significant different patterns of correlations and significantly greater correlations in the high AQ than in the low AQ group, investigating a potential different internal structure between both groups seemed quite relevant.

The number of multivariate outliers excluded was 0 for the high AQ subjects and 2 for the low AQ subjects, so the factor analyses were performed on the 102 subjects with high AQ and 141 subjects with low AQ.

Skewness ranged between -.9 and .7 in the high AQ group and between .1 and 1.4 in the low AQ group. Kurtosis was below 3, except for two variables below 3.6 in the high AQ group, and six variables below 4.7 in the low AQ group. The KMO was very good (high AQ:

.89, low AQ: .86), and all values for individual items were greater than .82 (olfactory hyposensitivity) in the high AQ group, and greater than .76 (auditory hypersensitivity) in the low AQ group. Bartlett's test was highly statistically significant (high AQ: χ 2 > 660, p < 10 -4 ; low AQ: χ 2 > 524, p < 10 -4 ), confirming that correlations between individual items were sufficient.

The maximum likelihood method was used for factors extraction. Inspection of Cattell's scree plot gave a number of factors of one or two in the high AQ group and of two in the low AQ group. Parallel analysis gave one factor in the high AQ group, and two factors in the low AQ group. Finally, Velicer's MAP criterion gave two factors in both groups. For both groups, only one factor had an eigenvalue greater than 1. Hence, we tested the option with either one factor or two factors.

The two factors explained 48% of variance in the high AQ group (43% and 5%) and 36% of variance in the low AQ group (30% and 6%). The model fit was good based on a RMSR result of .06 in the high AQ group and .05 in the low AQ group. The residuals were normal in both groups (p > .05 in both groups). The Tucker Lewis Index of factoring reliability was .94 in the high AQ group and .97 in the low AQ group. There were very good CFI: .96 in the high AQ group and .98 in the low AQ group.

The one-factor option explained 43% of the variance in the high AQ group and 30% of variance in the low AQ group. It gave a model with lower fits indexes: Root Mean Square Error of Approximation of .09 in the high AQ group and .07 in the low AQ group, RMSR of .07 in the high AQ group and .08 in the low AQ group, Tucker Levis <.90 in both groups and CFI at .91 in both groups. Hence the two-factor extraction was selected for both groups.

The average communality obtained across the 14 variables was .48 (±.1) in the high AQ group and .36 (±.09) in the low AQ group. In the high AQ group, they were all above .45, except for the olfactory hyposensitivity score at .18 and the auditory hyposensitivity score at 0.38. In the low AQ group, all communalities were between .21 and .51.

Oblique rotation showed two underlying factors, explaining respectively 25% and 24% of variance in the high AQ group, and 20% and 16% of variance in the low AQ group.

The correlation between the two factors was .66 in the high AQ group and 0.53 in the low AQ group. The individual loadings of each factor on each of the 14 variables (Appendix 2, Table SI-D) are summarized below.

High AQ group

In the high AQ group, the seven hypersensitivity scores loaded on Factor 1, with some degrees of cross-loadings for the proprioceptive, visual and vestibular modalities. The seven hyposensitivity scores loaded on Factor 2, with a low load for the olfactory hyposensitivity score and the highest load for the tactile hyposensitivity score (.84).

Hierarchical cluster analysis revealed a homogeneous main cluster (C12, with α = .91, β = .84) and two main subclusters: one associated with hypersensitivity variables (C11, with α = .88, β = .82) and one associated with hyposensitivity variables (except for the olfactory hyposensitivity variable) (C9, α = .85, β = .80) (Figure 5). However, the addition of the olfactory hyposensitivity variable led to a drop in homogeneity (β = .6), showing that this variable did not fit well. Likewise, when we force the number of final clusters to be 2, the olfactory hyposensitivity variable was excluded as a single item cluster, while the rest of the structure was identical to the previous main cluster (C12) with two hyposensitivity and hypersensitivity subclusters. For the entire structure (excluding the olfactory hyposensitivity variable), the minimum α and β were .66 and above .80 for the main subclusters, with a difference between them lower than .08. This result argues for the unidimensionality of the structure, with two subclusters corresponding to hyposensitivity and hypersensitivity.

[Please, insert Figure 5]

Low AQ group

In the low AQ group, the seven hyposensitivity variables and the proprioceptive hypersensitivity variable loaded on Factor 1. The six remaining hypersensitivity variables loaded on Factor 2. There was some cross-loading with the gustatory hypersensitivity and auditory hyposensitivity variables, and to a lesser degree, with the visual hypersensitivity variable.

Cluster analysis performed on the low AQ group revealed a somewhat foggier pattern than for the high AQ group (Appendix 2, Figure SI-A), with lower α and β coefficients (mostly ranging between .6 and .7) and more heterogeneity (Supplementary information SI.3).

A main cluster was clearly identified (C11, with α = .84, β = .74), regrouping two main subclusters, corresponding to hyposensitivity (C10, with α = .80, β = .71) and hypersensitivity (C8, with α = .72, β = .69). The proprioceptive hypersensitivity variable was associated with the vestibular hyposensitivity variable, and was part of the hyposensitivity cluster, as in the factor analysis. The addition of the olfactory hyposensitivity and auditory hypersensitivity variables yielded a drop in beta coefficient (i.e. a loss of homogeneity), suggesting that those two items did not fit well and had a somewhat different behaviour than the rest of the scale.

Discussion

This study aimed at validating a French language version of the Glasgow Sensory Questionnaire and at refining the characterization of sensory sensitivity profiles in individuals with low and high AQ. Our results validate the French-language version of the GSQ, within the framework of the equivalences defined by the Universalist Model of cross-cultural adaptation of health questionnaires [START_REF] Herdman | A model of equivalence in the cultural adaptation of HRQoL instruments: the universalist approach[END_REF]. Overall, this study confirms the strong relationship between the number of autistic traits and the frequency of unusual sensory experiences. We also defined precise sensory profiles of hypersensitivity and hyposensitivity across sensory modalities in individuals with low and high AQ, and we characterized group differences.

Validation of the French version of the GSQ

The strong correlations obtained across the 42 items between the French and English [START_REF] Robertson | The Relationship between Sensory Sensitivity and Autistic Traits in the General Population[END_REF] studies are in favor of good item equivalence between languages. Item equivalence between population samples was also respected as scores at the fourteen subscales of the present study and of the study by Ward and colleagues (2017) strongly correlated. The French GSQ showed a very good internal consistency, in line with the ones reported in the English and Japanese versions of the GSQ [START_REF] Robertson | The Relationship between Sensory Sensitivity and Autistic Traits in the General Population[END_REF][START_REF] Takayama | Standardization of the Japanese version of the Glasgow Sensory Questionnaire (GSQ)[END_REF]. Functional equivalence, dealing with the relationships between the questionnaire and external factors, was also respected as correlations between GSQ and AQ subscales were very similar across languages and samples [START_REF] Robertson | The Relationship between Sensory Sensitivity and Autistic Traits in the General Population[END_REF][START_REF] Takayama | Standardization of the Japanese version of the Glasgow Sensory Questionnaire (GSQ)[END_REF]).

The internal structure of the GSQ had not been investigated in previous studies, but was characterized in the present study in order to determine whether it reflected the expected structure of the questionnaire. Precisely, we expected the factor analysis to reveal seven factors corresponding to the seven sensory modalities, and/or two factors corresponding to hyposensitivity and hypersensitivity, or a mix of the two. Common factor analysis performed on the entire population, yielded a two-factor structure with one factor encompassing mostly hypersensitivity items, and the other involving mostly hyposensitivity items. Hierarchical cluster analysis confirmed this structure in both AQ groups, showing a unique dimension scale ("sensory abnormality"), with two main subcomponents: hyper and hyposensitivity.

However, finer grain analysis reveals differences between low and high AQ groups.

Refining sensory profiles in groups with low versus high AQ

GSQ scores increased twice more with the AQ for the high AQ group than for the low AQ group. The non-linear relationship between AQ and GSQ scores across the entire AQ range highlighted the fact that groups with low and high AQ had distinct sensory profiles. Indeed, it suggests that individuals with high AQ are not simply characterized by an increased occurrence of atypical sensory experiences, but possibly also by different sensory profiles.

Sensory profiles in groups with low and high AQ were first analyzed using cluster and factor analyses on the fourteen GSQ subscales. Factor analysis showed a similar two-factor structure (hypersensitivity and hyposensitivity) in each group, but with more variance being explained for the high AQ than for the low AQ group. Cluster analysis showed a similar structure at a macro scale, i.e., an abnormal sensitivity factor with two subcomponents, hypersensitivity and hyposensitivity with a clearer pattern in the high AQ group, and a foggier pattern in the low AQ group. Finer grain analysis shows a slightly different relationship between the items, with a stronger homogeneity of the two subcomponents in the high AQ group versus the low AQ group. The hypo-olfactory item is clearly a "rogue" item for both groups (which is in agreement with the behavior of the corresponding items in the 42 items scale). However, cluster analysis allows to pin-point differences in how the "hyper-auditory" item behaves: it is associated with the hyper-vestibular item in the high AQ group, but behaves as an outsider for the low AQ group. In future development of sensory analysis, the differential perception of such items between the low AQ group and the high AQ group could be worth investigating. In addition, the analysis of the GSQ structure also demonstrated a greater consistency between items in the high AQ group.

The difference between groups is further illustrated by the correlations between the hypersensitivity and hyposensitivity scores in the seven sensory modalities. Indeed, the correlation matrices showed stronger correlations in the high AQ than in the low AQ group, especially for the hypersensitivity subscales. This indicates that individuals with high AQ have an "extreme" sensitivity, shared quite uniformly across the seven sensory modalities. In contrast, it suggests that individuals with low AQ would have "peaks" of increased/decreased sensitivity in a particular sensory modality, but this would not be generalized to every sensory modality. Together with the clear and robust patterns revealed by the cluster and common factor analyses, these elements show that the high AQ group had a more homogeneous profile of sensory sensitivity than the low AQ group. Interestingly, the high AQ group also showed stronger correlations between hyposensitivity and hypersensitivity scores, especially in the visual modality. It means that, contrary to people with low AQ, individuals with high AQ have a higher tendency to experience both hypersensitivity and hyposensitivity within a sensory modality.

The high AQ group scored above the low AQ group for each of the fourteen subscales, except for the olfactory hyposensitivity subscale. There was no difference either on this subscale in the comparison between control and ASD individuals in the study by Ward and colleagues (Ward et al. 2017). In our study, the two groups were also distinguished by the fact that the high AQ group reported more experiences due to hypersensitivity than hyposensitivity, as compared to the low AQ group. The relative predominance of hypersensitivity over hyposensitivity was more pronounced in the high AQ than low AQ group for the olfactory modality, and to a lower extent, for the gustatory and proprioceptive modalities. Noticeably, enhanced olfactory hypersensitivity had been previously linked to more autistic traits [START_REF] Ashwin | Enhanced olfactory sensitivity in autism spectrum conditions[END_REF].

Linking sensory profiles of people with high AQ to current theories of ASD

Our results showed quite homogeneous profiles of sensory sensitivity in the high AQ group, and sensory profiles characterized by peaks of hypersensitivity or hyposensitivity in different sensory modalities in the low AQ group. Yet, given the notion of sensory expertise in ASD, we could have expected sensory profiles with peaks of hypersensitivity more pronounced in the high AQ group than in the low AQ group. The stronger predominance of experiences of hypersensitivity over hyposensitivity in the high AQ group could contribute to explain why theories of ASD were often focused on hypersensitivity. The EPF theory [START_REF] Mottron | Enhanced perceptual functioning in autism: an update, and eight principles of autistic perception[END_REF][START_REF] Mottron | Enhanced perceptual functioning in the development of autism[END_REF] or the low endogenous noise theory of ASD [START_REF] Davis | Low endogenous neural noise in autism[END_REF] would be consistent with the frequent hypersensitivity experiences in ASD. To explain the co-occurrence of both hyposensitivity and hypersensitivity within a sensory modality in ASD, the global context needs to be taken into account. For instance, the predictable nature of the sensory stimulations seems to play a key role in the reactivity to sensory stimuli in people with ASD [START_REF] Ashburner | Understanding the sensory experiences of young people with autism spectrum disorder: a preliminary investigation[END_REF]. Indeed, a study based on questionnaires revealed that around half of the variance of sensory sensitivity abnormalities in ASD could be explained by anxiety and intolerance to uncertainty [START_REF] Neil | The Relationship Between Intolerance of Uncertainty, Sensory Sensitivities, and Anxiety in Autistic and Typically Developing Children[END_REF]. This need for predictive stimuli fits the Bayesian brain theories suggesting that ASD individuals would have suboptimal predictive systems, particularly in changing environments [START_REF] Haker | Can Bayesian Theories of Autism Spectrum Disorder Help Improve Clinical Practice[END_REF][START_REF] Lawson | An aberrant precision account of autism[END_REF][START_REF] Palmer | Bayesian Approaches to Autism: Towards Volatility, Action, and Behavior[END_REF][START_REF] Robic | Decision-Making in a Changing World: A Study in Autism Spectrum Disorders[END_REF][START_REF] Van De Cruys | Precise minds in uncertain worlds: Predictive coding in autism[END_REF], 2016). Bayesian theories could explain the presence of both hypersensitivity and hyposensitivity, as sensory reactivity would depend on the context (and particularly, of its predictability). The context should help disentangling sensory relevant information from irrelevant noise, and therefore adapt the level of precision of the sensory input ( [START_REF] Van De Cruys | Disentangling signal and noise in autism spectrum disorder[END_REF]). Hence, depending on the context, noisy sensory inputs would lead to hyposensitivity, while precise sensory inputs would lead to hypersensitivity.

Implications for individuals with ASD

As abnormal sensory sensitivity can affect the quality of life, a finer characterization of the sensory sensitivity profiles could help defining better working and living environments for individuals with high AQ or diagnosed with ASD. Based on ASD reports, [START_REF] Smith | Fascination and isolation: a grounded theory exploration of unusual sensory experiences in adults with Asperger syndrome[END_REF] suggested that heightened senses in ASD would lead to fascination and pleasurable activities, but would also trigger stress, avoidance and isolation. Atypical sensitivity can affect non-social, but also social perception. For instance, [START_REF] Lundqvist | Hyper-responsiveness to touch mediates social dysfunction in adults with autism spectrum disorders[END_REF] showed that hyper-responsiveness to touch mediated social dysfunction in ASD. For people with ASD, the major negative outcomes of hypersensitivity appear to be over-responsivity and anxiety. Indeed, sensory over-responsivity positively correlates with the AQ (Tavassoli et al. 2014) and can lead to anxiety [START_REF] Ashburner | Understanding the sensory experiences of young people with autism spectrum disorder: a preliminary investigation[END_REF]. Anxiety disorders are more common in individuals with ASD than controls, and are closely related to sensory over-responsivity [START_REF] Green | Anxiety disorders and sensory over-responsivity in children with autism spectrum disorders: is there a causal relationship[END_REF]. Moreover, in children with ASD, sensory over-responsivity would emerge earlier than anxiety [START_REF] Green | Anxiety and Sensory Over-Responsivity in Toddlers with Autism Spectrum Disorders: Bidirectional Effects Across Time[END_REF], and this atypical sensitivity leads to higher physiological stress [START_REF] Corbett | Impact of Sensory Sensitivity on Physiological Stress Response and Novel Peer Interaction in Children with and without Autism Spectrum Disorder[END_REF]. Interestingly, [START_REF] Horder | Autistic traits and abnormal sensory experiences in adults[END_REF] showed that the correlation between the GSQ and the AQ survived correction for anxiety trait scores.

To cope with atypical sensory experiences, people with ASD would use several strategies such as avoidance, meta-cognitive adaptation, or increasing the predictability of the environment [START_REF] Ashburner | Understanding the sensory experiences of young people with autism spectrum disorder: a preliminary investigation[END_REF].

Perspectives

With the GSQ internal structure analysis, the present work suggests that new GSQ indices could be relevant for exploring the peculiarities of perceptual processing in ASD. To allow further cross samples and cross languages comparisons, we provided detailed analyses in Appendix 2. Replicating this study on a different high AQ population would allow ascertaining the robustness of the associations between different sensory modalities observed here. Indeed, the robustness of those similarities should be assessed in other samples so as to determine whether these similarities are specific to ASD. Indeed, heightened hypersensitivity and hyposensitivity was also found in synaesthetes [START_REF] Ward | Atypical sensory sensitivity as a shared feature between synaesthesia and autism[END_REF], and comparing the GSQ internal structure of the responses of synaesthetes and of subjects with ASD could indicate whether they show different sensory modalities associations.

Finally, future works should investigate the relationships between the GSQ scores and behavioral measures (such as perceptual thresholds) or neurophysiological data in order to estimate whether the self-report of the GSQ fits physiological data. The GSQ is designed to assess sensory sensibility in individuals with ASD who are able to complete a self-report questionnaire, hence limiting its scope to only part of the spectrum. Future works could also adapt this self-report questionnaire to an observation measurement tool for a larger use.

In conclusion, this study confirms the robust link between autistic traits and atypical sensory sensitivity. Although the GSQ is relatively recent, the similarities of behavior observed between a French sample and several other samples, with good conceptual, measurement and functional equivalences, are extremely encouraging to go toward an international standard use of the GSQ in clinical and research contexts.
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Tables Table 1: Numbers corresponds to the mean (± standard deviation), in all participants, in the low AQ and high AQ groups (using a cut-off of 26). Education level corresponds to the number of year of formal education (from the first year of elementary school).

The right column corresponds to results from Student t-test comparing the two groups. * p < .05, ** p < 10 -3 , *** p < 10 -6 . ns: not significant (p > .05).

AQ: Autism-Spectrum Quotient, GSQ: Glasgow Sensory Questionnaire. Correlations between GSQ and AQ subscores in all subjects, in the low AQ and in the high AQ groups. Pearson correlation tests: * p < .01, ** p < 10 -3 , *** p < 10 -6 (non-significant for p >

.01 for the five AQ subscales, p > .025 for the two hypersensitivity and hyposensitivity scales, p > .007 for the seven sensory GSQ subscales, after Bonferroni correction).

Correlation coefficients were compared between groups using a Fisher r-to-z transformation and results are shown in the right column ns = non-significant. Correlations between the hypersensitivity and hyposensitivity subscores for all subjects, for the low AQ and the high AQ groups. Pearson correlation tests: * p < .007, ** p < 10 -3 , *** p < 10 -6 (non-significant for p > .007, after Bonferroni correction).

Correlation coefficients were compared between groups using a Fisher r-to-z transformation.

ns = non-significant. Audit: Auditory, Gust: Gustatory, Olfact: Olfactory, Vestib: Vestibular, Proprio:
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Proprioceptive, hyper: hypersensitivity, hypo: hyposensitivity. 
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 345 Figure 3: Glasgow sensory questionnaire scores in the low AQ and high AQ groups

  

Demographic data and descriptive statistics for the AQ and GSQ Demographic data

  

			All subjects	Low AQ group	High AQ group	Low vs. high AQ group
	Number		245	143	102	-
	Females/Males	114/131	58/85	56/46	ns
	Age		32.1 (±10.8)	30.7 (±11.1)	34.2 (±10.2)	*
	Educational level	13.7 (±1.1)	14.1 (±0.9)	13.3 (±1.2)	**
	AQ		23.0 (±13.8)	12.4 (±5.1)	38.0 (±6.0)	***
	GSQ	Total	58.7 (±28.4)	41.6 (±14. 7)	82.8 (±25.4)	***
		Hypersensitivity	32.3 (±16.9)	21.9 (±8.4)	46.9 (±14.9)	***
		Hyposensitivity	26.4 (±12.9)	19.6 (±8.0)	35.9 (±12.4)	***

Table 2 : Correlations between GSQ and AQ subscales Correlations between GSQ and AQ subscales
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	All subjects	Low AQ	High AQ	Low vs. high
	r	r	r	AQ group
	Correlations			

with the total Glasgow Sensory Questionnaire score

  

	AQ Social skills	.76 ***	.28 **	.47 **	ns
	AQ Attention switching	.70 ***	.21 *	.38 **	ns
	AQ Attention to detail	.66 ***	.38 **	.47 ***	ns
	AQ Communication	.77 ***	.28 **	.52 ***	<.05
	AQ Imagination	.61 ***	.13	.21	ns
		Correlations with the Autism-Spectrum quotient	
	GSQ Hypersensitivity	.81 ***	.37 **	.61 ***	<.01
	GSQ Hyposensitivity	.72 ***	.44 ***	.54 ***	ns
	GSQ Visual	.71 ***	.39 **	.56 ***	ns
	GSQ Auditory	.80 ***	.40 ***	.51 ***	ns
	GSQ Gustatory	.58 ***	.28 **	.45 **	ns
	GSQ Olfactory	.64 ***	.12	.45 **	<.01
	GSQ Tactile	.71 ***	.30 **	.54 ***	<.05
	GSQ Vestibular	.71 ***	.41 ***	.47 ***	ns
	GSQ Proprioceptive	.76 ***	.39 **	.57 ***	ns

Table 3 : Correlations between the GSQ subscores of hyper-and hypo-sensitivity Correlations between hypersensitivity and hyposensitivity scores
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		All subjects	Low AQ	High AQ	Low vs. high
	GSQ subscales	r	r	r	AQ group
	Total	0.82 ***	0.60 ***	0.73 ***	ns (.07)
	Visual	0.60 ***	0.31 **	0.54 ***	.03
	Auditory	0.57 ***	0.23 ***	0.30 *	ns
	Gustatory	0.36 ***	0.23	0.45 **	ns (.06)
	Olfactory	0.25 **	0.09	0.21	ns
	Tactile	0.57 ***	0.15	0.33 **	ns
	Vestibular	0.54 ***	0.18	0.46 **	<.05
	Proprioceptive	0.63 ***	0.38 **	0.45 **	ns
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Linear regression in the low AQ group: r = .45, p < 10 -6 , y = 1.3 x + 25.5.

Linear regression in the high AQ group: r = .62, p < 10 -6 , y = 2.6 x -16.0.

B. Positive correlation between the two main subscales of the GSQ: the hypersensitivity score and the hyposensitivity score in participants with low AQ (blue) or high AQ (orange). Linear regression: r = .82, p < 10 -6 .

Circles correspond to participants who reported having a formal diagnosis of ASD, while diamonds correspond to participants who reported having no formal diagnosis of ASD. Note that these diagnoses were not checked, and only depend on the information they volunteered.