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SOCIAL COGNITION IN AUTISM AND THE NEED FOR A PERSPECTIVE SHIFT

Autism Spectrum Disorder (ASD) is a neurodevelopmental lifelong condition affecting over 1% of the population and characterized by significant impairments in social communication and interaction, as well as by the presence of restricted and repetitive patterns of behavior, interests and activities (American Psychiatric Association, 2013). With the recent introduction of DSM-V, hyper- or hyporeactivity to sensory input or unusual responses to sensory aspects of the environment are also acknowledged among the possible behavioral manifestations of ASD (American Psychiatric Association, 2013). Pharmacological therapies can reduce comorbid symptoms, but do not directly improve social-communicative deficits (Lai et al., 2014). Thus, early detection/(reh)abilitation programs that improve symptoms and social functioning are crucial (Rogers et al., 2014; Wass and Porayska-Pomsta, 2014). Among other explanations (Lai et al., 2014), the impaired “social brain” hypothesis and the theory of mind (ToM) deficit have been considered for decades among the most reasonable explanations for social interactions difficulties in ASD (Baron-Cohen et al., 1985; Pelphrey et al., 2004; Blakemore, 2010; Burnett et al., 2011; Gotts et al., 2012; Vissers et al., 2012); however, both the presence of heterogeneous experimental protocols (Boucher, 2012) and controversial neuroimaging findings (Mitchell, 2008; Schurz et al., 2014) suggests a methodological and conceptual shift (Schaafsma et al., 2015). Going beyond the difficulties in defining the concepts of ToM and “social brain” in operational terms (Gallese, 2007; Casartelli and Molteni, 2014; Casartelli and Chiamulera, 2016), in this opinion article we propose a perspective shift. This shift is based on the idea that core social-communicative deficits of ASD may be more efficiently tackled starting from the comprehension of anomalies in basic functions of different sensory and cognitive domains: specifically, visual/auditory perception, multisensory integration and attention (for a similar approach in the motor domain, see Casartelli et al., 2016). The developmental trajectories of these basic functions are supposed to play a key role in the (a)typical brain development, and we consider them as the “building blocks” of social skills development.

To some extent, this idea is not completely new even if it has not been tackled per se, at least in the context of ASD. The classic neuroconstructivist approach, indeed, recognizes the presence of innate (or very early), not detailed and not domain-specific biological constraints on (a)typical development (Karmiloff-Smith, 1998). A study by Pellicano (2010) is in line with this idea. She investigated the longitudinal relationship among the ToM and both executive functions (EF) and central coherence, which are hypothesized to be anomalous in ASD. Her findings provide important evidence that executive functions (i.e., domain general skills) unidirectionally predict the developmental trajectory of ToM skills, raising the question of potential confounds and biases in the definition of concepts as ToM or “social brain.”

Here, we consider the growing body of experimental studies (not pretending to be exhaustive) that directly demonstrate a link between basic non-social and basic social functions in ASD. With direct demonstration, we intend a direct investigation—in the same study and on the same individuals—of profiles/performances in non-social and social tasks. We focus on different and paradigmatic domains: visual and auditory perception, multisensory integration, visual attention.

BASIC SENSORY AND COGNITIVE MARKERS OF SOCIAL-COMMUNICATIVE IMPAIRMENTS IN AUTISM

Recent studies corroborate the idea that difficulties in visual processing of social information (e.g., faces, biological motion) are part of a pervasive processing atypicality in ASD that may affect how these individuals process social and non-social stimuli in the same way. Ewing et al. (2013) asked whether face-processing difficulties in autism are disproportionate to difficulties with other complex non-face stimuli. To demonstrate such a selectivity, according to the authors, there must be a significant interaction between participants' group (ASD vs. non-ASD) and stimulus category (faces vs. non-faces). Ewing et al. (2013) results showed no evidence for face-selective processing difficulties in the ASD group, thus raising question about the widespread view (Dawson et al., 2005; Webb et al., 2011) that faces pose a special perceptual problem for individuals with autism. The hypothesis of a pervasive processing deficit has been tested also by Vlamings et al. (2010). They measured electroencephalography (EEG) in response to nonsocial (gratings) and social (facial expressions) stimuli, focusing on two event-related potentials (ERPs) that are sensitive to the spatial frequency content of both stimulus types: (i) the P1, which reflects activity of early striate/extrastriate visual areas (Di Russo et al., 2002); (ii) the N170, a face-specific component, which reflects a later processing stage that includes the fusiform face area (Henson et al., 2003). The results showed an enhanced neural activity to high (HSF) as compared to low (LSF) spatial frequency in the ASD group for nonsocial stimuli (gratings) in the early stages of visual processing (P1). Importantly, the same bias toward HSF processing was evident in the extraction of emotional expressions, contrarily to the control group that relied on LSF. Thus, the study of Vlamings et al. (2010) shows that processing of emotional content in the early course of ASD is present, but is atypical as it is based on HSF (i.e., detail processing). This early HSF/LSF sensitivity imbalance, according to the authors, is likely to impact on the development of the adult face processing network. A further study by Kroger et al. (2014) employed again EEG to clarify which components in the temporal sequence of neural processes are disturbed during biological (social) and scrambled (non-social) motion perception in ASD. Their results showed a reduced amplitude of the P1 in both biological and scrambled motion processing in adolescent with ASD. The P1 reflects elementary stimulus features processing, as well as early detection of simple motion (Krakowski et al., 2011). The authors found also that this abnormality at the P1 level may partly explain reduced subsequent activation in the biological motion specific components (N200 and P400).

Although less extensively investigated compared to the visual domain, abnormalities in the auditory perceptual domain in ASD are also reported (O'Connor, 2012; Kujala et al., 2013). In particular, neurophysiological studies employing EEG or magnetoencephalography (MEG) showed that abnormalities in auditory perception: (i) seem to originate from the early stages of neural processing (e.g., auditory P1/P1m/M50, N1/N1m/M100 and Mismatch Negativity/Magnetic Mismatch Field; Gage et al., 2003; Oram-Cardy et al., 2005a; Roberts et al., 2010, 2011; Edgar et al., 2014), (ii) seem to partly depend on the pre-stimulus oscillatory activity (Edgar et al., 2015); (iii) seem to be present for both speech and non-speech sounds (Oram Cardy et al., 2005b; but see Čeponienė et al., 2003). Correlational studies suggest also a relationship between these early electrophysiological abnormalities in the auditory domain and behavioral measures of emotion recognition in ASD (Lerner et al., 2013; Demopoulos et al., 2015). However, few studies have directly tested the performance of individuals with ASD to both low- (non-linguistic) and high- (linguistic) level stimuli. Järvinen-Pasley and Heaton (2007) tested if there was a different pitch sensitivity in ASD for non-speech relative to speech stimuli. A same/different discrimination task that comprised three conditions of increasing complexity was used. The control group, as hypothesized, exhibited a lower pitch sensitivity in the conditions that required the discrimination of speech. This result is consistent with the idea that attention to both content and intonation cues during speech processing would limit the processing capacity/resources available for low-level pitch analysis. On the contrary, children with ASD exhibited the same pitch sensitivity across all experimental conditions. These findings –confirmed also in subsequent studies (Järvinen-Pasley et al., 2008a,b)—suggest a reduced domain specificity of the auditory processing in ASD, i.e., a similar sensitivity to pitch across different stimulus domains.

A further domain of interest for the perspective shift proposed here is multisensory integration (MSI). MSI allows us to know what information belong together and what information should be segregated, leading to different behavioral benefits, including ameliorations in speech comprehension (Stevenson et al., 2014a). For example, recent evidence show that the cortical entrainment to continuous auditory speech is enhanced when visual speech that shares the same timing is presented, and this effect seems to depend on different cortical generators relative to those that are active during unimodal speech presentation (Crosse et al., 2015). Many factors influence how we integrate sensory signals across the different modalities. One of the strongest is the ability to perceive temporal relationships between the sensory inputs. Impairments in temporal processing and MSI are well documented in ASD (Brock et al., 2002; Foss-Feig et al., 2010; Kwakye et al., 2011). In a recent study, Stevenson et al. (2014b) directly tested the hypothesis that alterations in multisensory temporal processing may be related to deficits in audiovisual integration of speech in individuals with ASD. A temporal binding window (TBW)—that measured the time within which multisensory inputs are highly likely to be perceptually bound—was estimated in different multisensory tasks with audiovisual stimuli that ranged from simple flash/beep pair to complex speech. The main result of Stevenson et al. (2014b) showed that individuals with ASD had larger TBW specifically for speech stimuli. Importantly, the authors found that the strength of perceptual binding of audiovisual speech observed in individuals with ASD was strongly related to their low-level multisensory temporal processing abilities. The poorer an individual's temporal acuity across vision and audition (i.e., the larger their TBW), even with simple flashes and beeps, the weaker their ability to bind auditory and visual speech information. The study of Stevenson et al. (2014b) is highly informative because it is the first to establish a clear link between aspects of multisensory processing and the higher-order domain of speech processing.

Finally, an interesting domain for our perspective shift is visual attention. It can be considered as the mechanism through which we select important information in the visual environment, thereby determining what we experience and respond to. An early-onset disorder that interferes with the typical attention development trajectory may have wide effects on social-communicative development. Numerous visual attention deficits have been associated to ASD (Ames and Fletcher-Watson, 2010), affecting the abilities to rapidly orient (Keehn et al., 2013) and to re-orient or disengage (Sacrey et al., 2014) the focus of attention, but involving also the ability to adjust its size (Mann and Walker, 2003; Ronconi et al., 2012, 2013, 2016). In particular, evidence from infancy, childhood, and adulthood show that disengagement is impaired in ASD and its broader phenotype (Ronconi et al., 2014; Sacrey et al., 2014). Moreover, prospective studies of visual disengagement during the first years of life suggest that impairments in this function are evident by 12 months of age in at-risk infants (i.e., siblings of older children with ASD who are at higher risk of developing the condition; Bolton et al., 1998) who later receive an ASD diagnosis (Elsabbagh et al., 2013; Sacrey et al., 2013). Despite the diffuse idea that visual disengagement is necessary for normal social development (Dawson and Lewy, 1989), particularly for the development of joint attention, only recently studies have directly tested the link between basic non-social and basic social visual attention. Schietecatte et al. (2012) investigated attentional disengagement abilities through a gap-overlap paradigm (Saslow, 1967) in a group of children with ASD in relation to their joint attention skills. Their results indicated that children who were rapid to disengage their attention showed a higher propensity to initiate joint attention. This evidence is consistent with previous studies in typically developing infants showing that the degree of which attention is captured by changes in the visual environment directly influence joint attention abilities (Butterworth and Grover, 1990; Butterworth and Jarrett, 1991).

A fundamental point that will need to be tackled in future studies is whether the impairments in non-social mechanisms are causal factors or simply associated dysfunctions in the impaired processing of social stimuli. One possible way to clarify this issue is to undertake longitudinal studies of infants at risk for ASD. In a recent study by Bedford et al. (2014), the authors studied the influence of both non-social (disengagement) and social (gaze following) attentional functions in infants at risk. Their results showed that both mechanisms significantly predict later ASD diagnosis, raising the question about which is the primary (and more early detectable) deficit in the pathophysiology of ASD. Future longitudinal studies in high-risk infants should be designed also to evaluate which mechanism (social vs. non-social) derails first from the typical developmental trajectory.

CONCLUDING REMARKS: IMPLICATIONS FOR CURRENT AUTISM RESEARCH

These works, according to the perspective shift proposed here, show how the study of social difficulties in ASD may take advantage of a more domain general approach. Approaching the study of ASD with this perspective shift could be promising for a number of important aspects. First, impairments or anomalies in basic functions can be considered as markers of ASD that could be useful to improve early detection and to set (reh)abilitative protocols before the onset of unequivocal behavioral symptoms. In addition, this perspective shift would support translational research, as these basic non-social functions are easier to investigate in animal models and easier to map onto specific genetic/epigenetic factors compared to complex social phenotypes. Finally, this perspective shift may be useful to better characterize the ontogeny of complex concepts as “social brain” or ToM, deconstructing them in more elementary components.

AUTHOR CONTRIBUTIONS

All the three authors developed the idea behind this work. LR and LC drafted the manuscript and MM revised it critically. All the authors gave approval for the final version.

FUNDING

This work was supported by a grant from the Italian Ministry of Health (Ricerca Corrente 2014-2015) to LC.

ACKNOWLEDGMENTS

We have to thank Andrea Facoetti and Corrado Sinigaglia for their helpful comments on the topic. We also thank Sara Mascheretti and Andrea Benetti for their suggestions on a preliminary version of the manuscript.

REFERENCES

 American Psychiatric Association (2013). Diagnostic and Statistical Manual of Mental Disorders, 5th Edn. Arlington, TX: American Psychiatric Publishing.

 Ames, C., and Fletcher-Watson, S. (2010). A review of methods in the study of attention in autism. Dev. Rev. 30, 52–73. doi: 10.1016/j.dr.2009.12.003

 Baron-Cohen, S., Leslie, A. M., and Frith, U. (1985). Does the autistic child have a “theory of mind”? Cognition 21, 37–46. doi: 10.1016/0010-0277(85)90022-8

 Bedford, R., Pickles, A., Gliga, T., Elsabbagh, M., Charman, T., and Johnson, M. H. (2014). Additive effects of social and non-social attention during infancy relate to later autism spectrum disorder. Dev. Sci. 17, 612–620. doi: 10.1111/desc.12139

 Blakemore, S. (2010). The developing social brain: implications for education. Neuron 65, 744–747. doi: 10.1016/j.neuron.2010.03.004

 Bolton, P., Pickles, A., Murphy, M., and Rutter, M. (1998). Autism, affective and other psychiatric disorders: patterns of familial aggregation. Psychol. Med. 28, 385–395. doi: 10.1017/S0033291797006004

 Boucher, J. (2012). Putting theory of mind in its place: psychological explanations of the socio-emotional-communicative impairments in autistic spectrum disorder. Autism 16, 226–246. doi: 10.1177/1362361311430403

 Brock, J., Brown, C. C., Boucher, J., and Rippon, G. (2002). The temporal binding deficit hypothesis of autism. Dev. Psychopathol. 14, 209–224. doi: 10.1017/S0954579402002018

 Burnett, S., Sebastian, C., Kadosh, K. C., and Blakemore, S. (2011). The social brain in adolescence: evidence from functional magnetic resonance imaging and behavioural studies. Neurosci. Biobehav. Rev. 35, 1654–1664. doi: 10.1016/j.neubiorev.2010.10.011

 Butterworth, G., and Grover, L. (1990). “Joint visual attention, manual pointing, and preverbal communication in human infancy,” in Attention and Performance, Vol. 13, ed. M. Jeannerold (Hove: Lawrence Erlbaum), 605–624.

 Butterworth, G., and Jarrett, N. (1991). What minds have in common is space: spatial mechanisms serving joint visual attention in infancy. Br. J. Dev. Psychol. 9, 55–72. doi: 10.1111/j.2044-835X.1991.tb00862.x

 Casartelli, L., and Chiamulera, C. (2016). The motor way: clinical implications of understanding and shaping actions with the motor system in autism and drug addiction. Cogn. Affect. Behav. Neurosci. 16, 191–206. doi: 10.3758/s13415-015-0399-7

 Casartelli, L., and Molteni, M. (2014). Where there is a goal, there is a way: what, why and how the parieto-frontal mirror network can mediate imitative behaviours. Neurosci. Biobehav. Rev. 47, 177–193. doi: 10.1016/j.neubiorev.2014.08.004

 Casartelli, L., Molteni, M., and Ronconi, L. (2016). So close yet so far: motor anomalies impacting on social functioning in autism spectrum disorder. Neurosci. Biobehav. Rev. 16, 98–105. doi: 10.1016/j.neubiorev.2016.02.001

 Čeponienė, R., Lepistö, T., Shestakova, A., Vanhala, R., Alku, P., Näätänen, R., et al. (2003). Speech–sound-selective auditory impairment in children with autism: they can perceive but do not attend. Proc. Natl. Acad. Sci. U.S.A. 100, 5567–5572. doi: 10.1073/pnas.0835631100

 Crosse, M. J., Butler, J. S., and Lalor, E. C. (2015). Congruent visual speech enhances cortical entrainment to continuous auditory speech in noise-free conditions. J. Neurosci. 35, 14195–14204. doi: 10.1523/JNEUROSCI.1829-15.2015

 Dawson, G., and Lewy, A. (1989). “Arousal, attention, and the socioemotional impairments of individuals with autism,” in Autism: Nature, Diagnosis and Treatment, ed. G. Dawson (New York, NY: Guilford), 49–74.

 Dawson, G., Webb, S. J., and McPartland, J. (2005). Understanding the nature of face processing impairment in autism: insights from behavioral and electrophysiological studies. Dev. Neuropsychol. 27, 403–424. doi: 10.1207/s15326942dn2703_6

 Demopoulos, C., Hopkins, J., Kopald, B. E., Paulson, K., Doyle, L., Andrews, W. E., et al. (2015). Deficits in auditory processing contribute to impairments in vocal affect recognition in autism spectrum disorders: a MEG study. Neuropsychology 29, 895–908. doi: 10.1037/neu0000209

 Di Russo, F., Martínez, A., Sereno, M. I., Pitzalis, S., and Hillyard, S. A. (2002). Cortical sources of the early components of the visual evoked potential. Hum. Brain Mapp. 15, 95–111. doi: 10.1002/hbm.10010

 Edgar, J. C., Khan, S. Y., Blaskey, L., Chow, V. Y., Rey, M., Gaetz, W., et al. (2015). Neuromagnetic oscillations predict evoked-response latency delays and core language deficits in autism spectrum disorders. J. Autism Dev. Disord. 45, 395–405. doi: 10.1007/s10803-013-1904-x

 Edgar, J. C., Lanza, M. R., Daina, A. B., Monroe, J. F., Khan, S. Y., Blaskey, L., et al. (2014). Missing and delayed auditory responses in young and older children with autism spectrum disorders. Front. Hum. Neurosci. 8:417. doi: 10.3389/fnhum.2014.00417

 Elsabbagh, M., Fernandes, J., Jane Webb, S., Dawson, G., Charman, T., Johnson, M. H., et al. (2013). Disengagement of visual attention in infancy is associated with emerging autism in toddlerhood. Biol. Psychiatry 74, 189–194. doi: 10.1016/j.biopsych.2012.11.030

 Ewing, L., Pellicano, E., and Rhodes, G. (2013). Reevaluating the selectivity of face-processing difficulties in children and adolescents with autism. J. Exp. Child Psychol. 115, 342–355. doi: 10.1016/j.jecp.2013.01.009

 Foss-Feig, J. H., Kwakye, L. D., Cascio, C. J., Burnette, C. P., Kadivar, H., Stone, W. L., et al. (2010). An extended multisensory temporal binding window in autism spectrum disorders. Exp. Brain Res. 203, 381–389. doi: 10.1007/s00221-010-2240-4

 Gage, N. M., Siegel, B., Callen, M., and Roberts, T. (2003). Cortical sound processing in children with autism disorder: an MEG investigation. Neuroreport 14, 2047–2051. doi: 10.1097/00001756-200311140-00008

 Gallese, V. (2007). Before and below ‘theory of mind’: embodied simulation and the neural correlates of social cognition. Philos. Trans. R. Soc. Lond. B Biol. Sci. 362, 659–669. doi: 10.1098/rstb.2006.2002

 Gotts, S. J., Simmons, W. K., Milbury, L. A., Wallace, G. L., Cox, R. W., and Martin, A. (2012). Fractionation of social brain circuits in autism spectrum disorders. J. Neurol. 135, 2711–2725. doi: 10.1093/brain/aws160

 Henson, R. N., Goshen-Gottstein, Y., Ganel, T., Otten, L. J., Quayle, A., and Rugg, M. D. (2003). Electrophysiological and haemodynamic correlates of face perception, recognition and priming. Cereb. Cortex 13, 793–805. doi: 10.1093/cercor/13.7.793

 Järvinen-Pasley, A., and Heaton, P. (2007). Evidence for reduced domain-specificity in auditory processing in autism. Dev. Sci. 10, 786–793. doi: 10.1111/j.1467-7687.2007.00637.x

 Järvinen-Pasley, A., Wallace, G. L., Ramus, F., Happé, F., and Heaton, P. (2008a). Enhanced perceptual processing of speech in autism. Dev. Sci. 11, 109–121. doi: 10.1111/j.1467-7687.2007.00644.x

 Järvinen-Pasley, A., Pasley, J., and Heaton, P. (2008b). Is the linguistic content of speech less salient than its perceptual features in autism? J. Autism Dev. Disord. 38, 239–248. doi: 10.1007/s10803-007-0386-0

 Karmiloff-Smith, A. (1998). Development itself is the key to understanding developmental disorders. Trends Cogn. Sci. 2, 389–398. doi: 10.1016/S1364-6613(98)01230-3

 Keehn, B., Müller, R. A., and Townsend, J. (2013). Atypical attentional networks and the emergence of autism. Neurosci. Biobehav. Rev. 37, 164–183. doi: 10.1016/j.neubiorev.2012.11.014

 Krakowski, A. I., Ross, L. A., Snyder, A. C., Sehatpour, P., Kelly, S. P., and Foxe, J. J. (2011). The neurophysiology of human biological motion processing: a high-density electrical mapping study. Neuroimage 56, 373–383. doi: 10.1016/j.neuroimage.2011.01.058

 Kroger, A., Bletsch, A., Krick, C., Siniatchkin, M., Jarczok, T. A., Freitag, C. M., et al. (2014). Visual event-related potentials to biological motion stimuli in autism spectrum disorders. Soc. Cogn. Affect. Neurosci. 9, 1214–1222. doi: 10.1093/scan/nst103

 Kujala, T., Lepistö, T., and Näätänen, R. (2013). The neural basis of aberrant speech and audition in autism spectrum disorders. Neurosci. Biobehav. Rev. 37, 697–704. doi: 10.1016/j.neubiorev.2013.01.006

 Kwakye, L. D., Foss-Feig, J. H., Cascio, C. J., Stone, W. L., and Wallace, M. T. (2011). Altered auditory and multisensory temporal processing in autism spectrum disorders. Front. Integr. Neurosci. 4:129. doi: 10.3389/fnint.2010.00129

 Lai, M. C., Lombardo, M. V., and Baron-Cohen, S. (2014). Autism. Lancet 383, 896–910. doi: 10.1016/S0140-6736(13)61539-1

 Lerner, M. D., McPartland, J. C., and Morris, J. P. (2013). Multimodal emotion processing in autism spectrum disorders: an event-related potential study. Dev. Cogn. Neurosci. 3, 11–21. doi: 10.1016/j.dcn.2012.08.005

 Mann, T. A., and Walker, P. (2003). Autism and a deficit in broadening the spread of visual attention. J. Child Psychol. Psychiatry 44, 274–284. doi: 10.1111/1469-7610.00120

 Mitchell, J. P. (2008). Activity in right temporo-parietal junction is not selective for theory-of-mind. Cereb. Cortex 18, 262–271. doi: 10.1093/cercor/bhm051

 O'Connor, K. (2012). Auditory processing in autism spectrum disorder: a review. Neurosci. Biobehav. Rev. 36, 836–854. doi: 10.1016/j.neubiorev.2011.11.008

 Oram-Cardy, J. E., Flagg, C. A. E. J., Roberts, W., Brian, J., and Roberts, T. P. L. (2005a). Magnetoencephalography identifies rapid temporal processing deficit in autism and language impairment. Neuroreport 16, 329–332. doi: 10.1097/00001756-200503150-00005

 Oram Cardy, J. E., Flagg, E. J., Roberts, W., and Roberts, T. P. L. (2005b). Delayed mismatch field for speech and non-speech sounds in children with autism. Neuroreport 16, 521–5255. doi: 10.1097/00001756-200504040-00021

 Pellicano, E. (2010). Individual differences in executive function and central coherence predict developmental changes in theory of mind in autism. Dev. Psychol. 46, 530. doi: 10.1037/a0018287

 Pelphrey, K., Adolphs, R., and Morris, J. P. (2004). Neuroanatomical substrates of social cognition dysfunction in autism. Ment. Retard. Dev. Disabil. Res. Rev. 10, 259–271. doi: 10.1002/mrdd.20040

 Roberts, T. P. L., Cannon, K. M., Tavabi, K., Blaskey, L., Khan, S. Y., Monroe, J. F., et al. (2011). Auditory magnetic mismatch field latency: a biomarker for language impairment in autism. Biol. Psychol. 70, 263–269. doi: 10.1016/j.biopsych.2011.01.015

 Roberts, T. P. L., Khan, S. Y., Rey, M., Monroe, J. F., Cannon, K., Woldoff, S., et al. (2010). MEG detection of delayed auditory evoked responses in Autism Spectrum Disorders: towards an imaging biomarker for autism. Autism Res. 3, 8–18. doi: 10.1002/aur.111

 Rogers, S., Vismara, L., Wagner, A., McCormick, C., Young, G., and Ozonoff, S. (2014). Autism treatment in the first year of life: a pilot study of infant start, a parent-implemented intervention for symptomatic infants. J. Autism Dev. Disord. 44, 2981–2995. doi: 10.1007/s10803-014-2202-y

 Ronconi, L., Facoetti, A., Bulf, H., Franchin, L., Bettoni, R., and Valenza, E. (2014). Paternal autistic traits are predictive of infants visual attention. J. Autism Dev. Disord. 44, 1556–1564. doi: 10.1007/s10803-013-2018-1

 Ronconi, L., Franchin, L., Valenza, E., Gori, S., and Facoetti, A. (2016). The attentional ‘zoom-lens’ in 8-month-old infants. Dev. Sci. 19, 145–154. doi: 10.1111/desc.12288

 Ronconi, L., Gori, S., Ruffino, M., Franceschini, S., Urbani, B., Molteni, M., et al. (2012). Decreased coherent motion discrimination in autism spectrum disorder: the role of attentional zoom-out deficit. PLoS ONE 7:e49019. doi: 10.1371/journal.pone.0049019

 Ronconi, L., Gori, S., Ruffino, M., Molteni, M., and Facoetti, A. (2013). Zoom-out attentional impairment in children with autism spectrum disorder. Cortex 49, 1025–1033. doi: 10.1016/j.cortex.2012.03.005

 Sacrey, L. A., Armstrong, V. L., Bryson, S. E., and Zwaigenbaum, L. (2014). Impairments to visual disengagement in autism spectrum disorder: a review of experimental studies from infancy to adulthood. Neurosci. Biobehav. Rev. 47, 559–577. doi: 10.1016/j.neubiorev.2014.10.011

 Sacrey, L. A., Bryson, S. E., and Zwaigenbaum, L. (2013). Prospective examination of visual attention during play in infants at high-risk for autism spectrum disorder: a longitudinal study from 6 to 36 months of age. Behav. Brain Res. 256, 441–450. doi: 10.1016/j.bbr.2013.08.028

 Saslow, M. (1967). Effects of components of displacement-step stimuli upon latency for saccadic eye movement. J. Opt. Soc. Am. 57, 1024–1029. doi: 10.1364/JOSA.57.001024

 Schaafsma, S. M., Pfaff, D. W., Spunt, R. P., and Adolphs, R. (2015). Deconstructing and reconstructing theory of mind. Trends Cogn. Sci. 19, 65–72. doi: 10.1016/j.tics.2014.11.007

 Schietecatte, I., Roeyers, H., and Warreyn, P. (2012). Exploring the nature of joint attention impairments in young children with autism spectrum disorder: associated social and cognitive skills. J. Autism Dev. Disord. 42, 1–12. doi: 10.1007/s10803-011-1209-x

 Schurz, M., Radua, J., Aichhorn, M., Richlan, F., and Perner, J. (2014). Fractionating theory of mind: a meta-analysis of functional brain imaging studies. Neurosci. Biobehav. Rev. 42, 9–34. doi: 10.1016/j.neubiorev.2014.01.009

 Stevenson, R. A., Ghose, D., Fister, J. K., Sarko, D. K., Altieri, N. A., Nidiffer, A. R., et al. (2014a). Identifying and quantifying multisensory integration: a tutorial review. Brain Topogr. 27, 707–730. doi: 10.1007/s10548-014-0365-7

 Stevenson, R. A., Siemann, J. K., Schneider, B. C., Eberly, H. E., Woynaroski, T. G., Camarata, S. M., et al. (2014b). Multisensory temporal integration in autism spectrum disorders. J. Neurosci. 34, 691–697. doi: 10.1523/JNEUROSCI.3615-13.2014

 Vissers, M. E., Cohen, M. X., and Geurts, H. M. (2012). Brain connectivity and high functioning autism: a promising path of research that needs refined models, methodological convergence, and stronger behavioral links. Neurosci. Biobehav. Rev. 36, 604–625. doi: 10.1016/j.neubiorev.2011.09.003

 Vlamings, P. H., Jonkman, L. M., van Daalen, E., van der Gaag, R. J., and Kemner, C. (2010). Basic abnormalities in visual processing affect face processing at an early age in autism spectrum disorder. Biol. Psychiatry 68, 1107–1113. doi: 10.1016/j.biopsych.2010.06.024

 Wass, S. V., and Porayska-Pomsta, K. (2014). The uses of cognitive training technologies in the treatment of autism spectrum disorders. Autism 18, 851–871. doi: 10.1177/1362361313499827

 Webb, S., Faja, S., and Dawson, G. (2011). “Face processing in autism,” in Handbook of Face Perception, ed. A. Calder (Oxford: Oxford Unversity Press), 839–856.

Conflict of Interest Statement: The authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.

The reviewer [CD] and handling Editor declared their shared affiliation, and the handling Editor states that the process nevertheless met the standards of a fair and objective review.

Copyright © 2016 Ronconi, Molteni and Casartelli. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) or licensor are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.

OPS/images/cover.jpg
’ frontiers .
in Human Neuroscience

Building Blocks of Others’
Understanding: A Perspective
Shift in Investigating
Social-Communicative Deficit
in Autism









OPS/images/crossmark.jpg
®

o fark





OPS/images/logo.jpg
’ frontiers )
in Human Neuroscience





