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ARTICLE INFO ABSTRACT

Article history: Autism is a developmental condition, characterized by difficulties of social interaction and communica-
Received 7 September 2016 tion, as well as restricted interests and repetitive behaviors. Although several important conceptions have
Received in revised form shed light on specific facets, there is still no consensus about a universal yet specific theory in terms of its
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underlying mechanisms. While some theories have exclusively focused on sensory aspects, others have
emphasized social difficulties. However, sensory and social processes in autism might be interconnected
to a higher degree than what has been traditionally thought. We propose that a mismatch in sensory
abilities across individuals can lead to difficulties on a social, i.e. interpersonal level and vice versa. In this
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Autism article, we, therefore, selectively review evidence indicating an interrelationship between perceptual and
Social interaction social difficulties in autism. Additionally, we link this body of research with studies, which investigate
Two-person psychophysiology the mechanisms of action control in social contexts. By doing so, we highlight that autistic traits are
Multilevel account also crucially related to differences in integration, anticipation and automatic responding to social cues,
Predictive coding rather than a mere inability to register and learn from social cues. Importantly, such differences may only

manifest themselves in sufficiently complex situations, such as real-life social interactions, where such

processes are inextricably linked.
© 2017 The Authors. Published by Elsevier Ltd. This is an open access article under the CC BY-NC-ND
license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
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1. Autism: is it a social or a sensory condition?
and, second, a group of non-specifically or less social (hereafter, for
Autism is a pervasive developmental condition, which is char- ~ simplicity, non-social) aspects (e.g. Huerta et al., 2012; Fitzgibbon
acterized by difficulties in social interaction and communication, ~ €tal, 2013).Indeed, the vast majority of hypotheses during the last
as well as restricted interests and repetitive behaviors. This short ~ decades have mainly focused on facets either belonging to the one
definition already suggests that autism’s cardinal characteristics ~ ©F the other of these two categories.
fall into two broad categories, first, a collection of social aspects For instance, on the non-social side, the weak central coherence
hypothesis considers autism as a different, detailed-oriented cog-
nitive and perceptual style (Frith, 1989; Happé and Frith, 2006).
—_— ) More precisely, it claims that people with an autism spectrum
* Corresponding authors at: Independent Max Planck Research Group for Social disorder (ASD) tend to process information locally, rather than
Neuroscience, Max Planck Institute of Psychiatry, Munich, Germany . . P_ N y’,
E-mail addresses: dimitris_bolis@psych.mpg.de (D. Bolis), globally. According to this idea, people with ASD perceive the world
leonhard_schilbach@psych.mpg.de (L. Schilbach). differently in a number of aspects such as visual and auditory infor-
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mation. Similarly, the executive dysfunction hypothesis (e.g. Hill,
2004) focuses on difficulties that people with ASD face when it
comes to executive functions, i.e. problems with functions such
as planning, flexibility, inhibition and working memory. On the
other hand, one of the first theories focusing on specifically social
aspects of the condition, the Theory of Mind hypothesis (Baron-
Cohen et al., 1985) proposed that individuals with autism lack a
specific meta-representational capacity, namely a “theory of mind”,
which prevents them from inferring other people’s mental states,
such as beliefs, emotions or desires. Later, it was suggested that
implicit and spontaneous mechanisms of mentalizing might be the
ones that are primarily linked to relevant difficulties in autism,
rather than explicit processes as initially believed, which might
be more easily compensated for through strategic learning (Senju
et al., 2009; Schilbach et al., 2011). A second theory focusing on
the social dimension emphasizes a special category of neurons,
which are thought to be active both when an action is performed
and observed (Di Pellegrino et al., 1992; Rizzolatti and Craighero,
2004). This broken mirror neuron hypothesis of autism proposes
that impaired social skills in autism are related to dysfunctions
in the putative human mirror neuron system making it difficult
for individuals with autism to simulate and thus understand oth-
ers’ behavior (MNS; Altschuler et al., 2000; Ramachandran and
Oberman, 2006). Some studies have offered supportive evidence
for the involvement of the MNS (e.g. Perkins et al., 2010). However,
both the validity of a broken MNS and a direct, causal relationship
between the MNS and social skills in autism, have been challenged
by other reports (e.g. Southgate and Hamilton, 2008). Differences
in MNS activation between neurotypical individuals and persons
with an ASD could be alternatively traced back to potential mod-
ulatory effects of the so called “mentalizing system”, a set of brain
regions known to subserve explicit mental state attribution (e.g.
Wang and Hamilton, 2012; Cook and Bird, 2012; Dumas et al.,
2014a). Yet again, the social motivation (SM) hypothesis focuses on
motivational rather than cognitive aspects (Chevallier et al., 2012).
It proposes that people with autism lack the social drive inherent to
non-autistic individuals, which would assist them in exploiting the
necessary learning opportunities in social interactions in order to
develop relevant expertise in social cognition. More precisely, this
hypothesis is settled upon the fact that the propensity to initiate
social contacts, social orienting, social seeking and liking, appears
to be diminished in ASD. This idea, however, is brought into ques-
tion by evidence, which suggests that individuals with autism are
in fact interested in social interaction and exchange, but only when
the interaction is structured in such a way that it suits their needs
(Wing and Gould 1979; Schilbach 2016a).

In short, several important theories on autism have advanced
our understanding in crucial facets of the condition; however, there
is still no established unified account, which could explain social
and sensory aspects of autism in the context of their inherent inter-
relationship. In fact, it has even been suggested that a single theory
might be intractable (Happé, 2003; Happé et al., 2006; Gallagher
and Varga, 2015). However, recent developments centered around
the idea of the human brain organized around principles of
Bayesian inference and predictive coding have recently refueled
interest in a unifying account of autism: For instance, Pellicano
and Burr (2012), adopted a standpoint to argue that non-social
features of autism might be explained in reference to attenuated
Bayesian priors (so-called hypo-priors), which suggests that previ-
ous experiences might be less important when processing current
sensory input for individuals with autism. This hypothesis pre-
dicts the more accurate and acute perception in autism, driven
primarily by perceptual evidence as opposed to prior knowledge,
as well as the sense of being overwhelmed by this information,
which is commonly reported by individuals with autism. The hypo-
priors hypothesis was then reformulated (Friston et al., 2013; Van

Boxtel and Lu, 2013) within the predictive coding scheme, a more
specific Bayesian account (Mumford, 1992; Friston, 2005; Friston,
2008; Clark, 2013), while considering social aspects of cognition
and behavior as well (Lawson et al.,2014; Van de Cruys et al.,2014).

The predictive coding framework relies on the idea that sen-
sory information is processed hierarchically in levels of increasing
abstraction. In this setting, prediction errors (i.e. the discrepancy
between predictions and incoming information) ascend the pro-
cessing hierarchy for optimizing neural configuration in generating
accurate predictions, which descending the hierarchy, are con-
trasted to sensory input. More concretely, higher levels of the
hierarchy produce predictions, which are tested against the input
information of the immediate lower levels. Propagating only the
prediction error and not the actual incoming information to higher
levels is an efficient and resource-oriented way of reducing the
bandwidth of the processed information. The neural processes and
computations needed to extract regularities in the environment
can be described in terms of Bayesian inference. In this regard, the
brain is thought to represent information accessed via the sensory
organs in the form of probability densities; these probabilities are
maintained via a combination of already gained experience (so-
called priors) and newly sensed information (evidence). The more
confidence (precision) is placed on the validity of experience the
less the latter is updated in the face of new incoming information.
The ultimate goal of such a predictive system is the effective mini-
mization of the prediction error, through perception, learning and
action (for a comprehensive review of traditional theories and a
future integrative direction in autism research see Bolis et al., under
review).

Such endeavors of developing a more unified account of autism
are further supported by evidence that social and non-social
domains are not as independent as once might have been assumed
in research practice. For instance, Linkenauger et al. (2012) showed
that deficits of individuals with autism in relating information
about their own bodies’ action capabilities to visual informa-
tion specifying the environment, strongly predicted the degree
of social and communicative difficulties. Additionally, MacDonald
et al. (2013) demonstrated that children with autism that showed
weaker motor skills had greater social communicative skill diffi-
culties. Moreover, Leekam et al. (2007) linked the distinct sensory
processing in autism with higher-level social processes. Having said
that, focusing on ‘internal’ (i.e. within individual brains) dynamics
has, indeed, yielded informative insights, such as providing insights
into the relevance of a dysbalance of inhibitory/excitatory neuro-
transmission in autism (e.g. Robertson et al., 2016). Additionally,
considering ‘external’ (i.e. collective socio-cultural) dynamics, such
as the role of collaborative morality (Spikins et al., 2016) or social
expectations of others (Jensen et al., 2016), can prove to be cru-
cial in achieving a comprehensive account of autism. However,
studying ‘internal’ and ‘external’ dynamics in isolation and thus
neglecting the dialectics between the individual and the collec-
tive (Vygotsky, 1930-1935/1978; views of Vygotsky and colleagues
in Dafermos, 1930-1935/2002), which are inherently intertwined
across multiple temporal scales (i.e. from evolutionary and cul-
tural to developmental and daily learning processes), might result
in misconstruing the essence of a condition such as autism (Bolis
et al., under review).

More specifically, Vygotsky and colleagues argued that the
development of the human mind has its origin at the interac-
tion between the individual and society, viewing culture and
social interaction as the major developmental driving forces (e.g.
Vygotsky, 1934/2008; 1930-1935/1978). When it comes to chil-
dren with certain “disabilities”, one of the main propositions of
the so-called cultural historical approach was the recognition of
primary and secondary difficulties. It was suggested that it is not
the primary difficulties, which are directly linked to the physi-
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cal condition, that are crucial to a child’s development, but rather
the secondary ones, which relate to an exclusion from sociocul-
tural activities, which other children freely participate in. Different
factors can contribute to this, such as unsuitable cultural and
technological environment or social expectations of others. Inter-
estingly, such lines of thought lend support to alternative avenues
of research and intervention, which will not exclusively target
the person of interest (i.e. an individual with autism in our case),
but the social environment as well, e.g. via personalizing educa-
tion (Vittorias et al., 2008) or facilitating communication between
people (Bolis et al., under review), bringing focus back to social
interaction (Schilbach et al., 2013).

Taken together, we suggest that it may be the coupling and the
inextricable interplay of sensory and motor functions (within an
individual) rather than selective deficits thereof - and whether or
not a given partner in a social interaction is more or less similar
to the autistic person (at the interpersonal level), which play an
important role in the development and manifestation of cardinal
characteristics of autism.

In this article, we, therefore, review evidence, that addresses the
integration of sensory processing and individual as well as inter-
personal aspects of action control to suggest that individuals with
high autistic traits are not ‘blind’ to social information in the envi-
ronment, but the extent to which they update their beliefs and
they are, thus, influenced by this information when making deci-
sions and executing actions is lower than in individuals with low
autistic traits. Furthermore, we review findings to suggest that a
more comprehensive understanding of autism (and other psychi-
atric disorders) will have to rely upon studying it in the context of
ecologically valid real-time social interactions as social difficulties
are known to be more pronounced (or may only manifest) under
such conditions (Schilbach et al., 2013; Schilbach, 2016a). Here, we
propose that a mismatch in autistic trait-related perceptual abili-
ties across individuals can lead to difficulties on a social level and
briefly describe a two-person experimental setup and avenues for
future research to formally investigate this.

2. From action observation to interaction in autism

An important initial suggestion for understanding and studying
the biological basis of autistic symptomatology has been to focus
on the ability of individuals with autism to observe and interpret
actions in others. With regard to general visual abilities and the idea
of an eagle eye hypothesis some studies have provided evidence for
superior performance of individuals with autism on visual tasks
(Dakin and Frith, 2005). Furthermore, evidence has been found to
document an increased reliance on visuospatial information by ASD
individuals, which was related to increased parietal brain activa-
tion (e.g. DeRamus et al., 2014). Such differences in visuo-spatial
processing have also been related to differences at the level of neu-
rotransmission: binocular rivalry, a visual function that is thought
to rely on the balance of excitation/inhibition in visual cortex, has
been shown to be tightly linked to GABAergic signaling in healthy
controls, while this link was shown to be completely and specif-
ically absent in autism (Robertson et al., 2016). Also, alterations
of serotonergic functioning have been discussed as a contributory
factorin autism (e.g. Cook and Leventhal, 1996). Interestingly, sero-
tonergic modulation is also known to change the balance between
different sources of neural activity in sensory systems (Lottem et al.,
2016).

With regard to visual processing of others’ actions, disruptions
in the visual perception of biological motion have been discussed
as a potential hallmark of ASD (Kaiser and Pelphrey, 2012). Here, an
impaired sensitivity for processing the actions of others (as com-
pared to observing objects) has been demonstrated (e.g. Blake et al.,

2003; Kaiser et al., 2010). These findings were also paralleled by
neuroimaging results indicative of atypical neural response pat-
terns to biological motion perception with point-light stimuli (e.g.
Herrington et al., 2007). Such point-light displays are created by
attaching markers to a person’s body and head and then recording
that person’s movements so that only the point-lights are visible (cf.
Johansson, 1973). These stimuli are easily manipulated and predis-
positions to process their social aspects can be inferred by detecting
enhanced behavioral sensitivity to displays of biological motion
relative to animal (Pinto and Shiffrar, 2009), object (Kaiser et al.,
2010) or other kinds of biological motions (Manera et al., 2010,
2011). Importantly, differential responses to point-light displays
of human movement are already observed in typically developing
infants (Yoon and Johnson, 2009), which has been taken to suggest
that biological motion perception relies on an early emerging, evo-
lutionary conserved brain system (Kaiser and Pelphrey, 2012). A
large body of work has demonstrated responses of the so-called
“social brain” to point-light displays of biological motion (for a
review see Blake and Shiffrar, 2007). Here, the posterior superior
temporal sulcus (pSTS) has been discussed as a key component of
the neural system that supports social perception.

Studies of the visual perception of biological motion have, thus,
been thought to provide a window into social dysfunction in ASD.
This was based upon the idea that autism is related to an early and
initial failure to develop the specialized brain mechanisms for social
perception which, in turn, results in abnormal development and the
phenotypic expression of ASD (Pelphrey et al.,2011). Consequently,
different studies have investigated behavioral responses to point-
light displays of biological motion in individuals with autism. While
some studies do find impairments, the overall picture appears to be
rather mixed. Interestingly, several studies have documented that
when asked to verbally describe point-light displays of biological
motion, children and adults with ASD exhibit impairments in emo-
tion perception, but intact action perception (Hubert et al., 2007;
Moore etal., 1997; Parron etal., 2008). Recently, Cusacketal.(2015)
have systematically addressed this question by using an extensive
test battery of point light displays in adult individuals with autism.
Here, it was consistently shown that action perception is intact
when autistic individuals are motivated to perform the relevant
task under controlled conditions. This finding was replicated by
von der Lithe et al. (2016), who demonstrated that, when prompted
and explicitly asked to assess point-light displays of individual
and even communicative actions between two agents, participants
with autism do not perform worse than a group of matched con-
trols. Only when the complexity of the task is increased, however,
by including noise signals, do individuals with autism show an
impairment of interpersonal action prediction, i.e. no modulation
in behavioral sensitivity for the detection of a second agent in light
of a first agent, who generates a communicative action, is found.
Interestingly, this ability to predict action sequences across two
agents shows an inverse relationship with increasing autistic traits
across the entire spectrum (von der Liihe et al., 2016).

Apart from the ability to perceive the relevant aspects of the
social environment and their interrelation, it is, of course, impera-
tive to be able to quickly and adaptively generate adequate behavior
to respond to it. In this respect, a recent suggestion has been
that social perception and cognition may be fundamentally dif-
ferent when we are actively engaged in interaction with others
as compared to merely observing others. This difference may be
particularly relevant in autism and has been taken to suggest
that interactive situations rely more heavily on the integration of
perception- and action-based processes (Schilbach et al., 2013).
While a vast literature exists on the behavioral and neural corre-
lates of social observation, much less is known about the behavioral
and neural mechanisms of social interaction (Schilbach, 2015).
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Fig. 1. Two-person psychophysiology setup: This setup allows for an investigation of the interrelation of sensory and social processes in direct, gaze-based social interaction
between two persons (Person A, Person B); blue arrows: incoming sensory information from non-social stimuli; green arrows: intra-personal processes; red arrows: social
interaction loop mediated by a micro-camera communication system. (For interpretation of the references to colour in this figure legend, the reader is referred to the web

version of this article.)

In direct social interaction the unconscious imitation of the
actions of others (often described as mimicry) is a powerful and
ubiquitous behavior. Facial mimicry, for instance, is thought to
be a form of “physiological linkage” or socio-emotional contagion
between individuals (Dimberg, 1982; Dimberg et al., 2000) and
assumed to be of considerable importance for interpersonal com-
munication (Niedenthal et al., 2005; Schilbach, 2016b). Conversely,
alterations of involuntary facial reactions (e.g. due to conditions
resulting in facial paralysis) may have a detrimental effect on
the quality of interpersonal communication (Cole, 2001; Oberman
et al., 2007). In a series of studies, Schilbach and colleagues inves-
tigated the behavioral and neural correlates of facial mimicry by
using anthropomorphic virtual characters that showed either self-
or other-directed facial expressions (e.g. smiling) as compared to
arbitrary facial movements (e.g. puckering; Schilbach et al., 2006;
Mojzisch et al., 2006; Schilbach et al., 2008). In these studies, it was
shown that attention allocation, as assessed by fixation duration,
was specifically related to the perception of self-directed stimuli.
EMG measurements demonstrated that facial activity was influ-
enced by the perception of socially relevant facial expressions and
showed spontaneous, involuntary facial responses irrespective of
whether the facial expression was directed towards the observer
or not (Mojzisch et al., 2006).

In a separate fMRI study, it was demonstrated that specific brain
activations are related to the occurrence of involuntary facial move-
ments in human observers in response to the perception of socially
relevant facial expressions shown by perceived others. These acti-
vations comprise but extend beyond classical motor regions (i.e.
face motor area) and include other regions of the social brain, such
as the mentalizing system. While activity in motor cortex might
help to generate a representation of the action which may, in fact,
translate to mimicking that behavior oneself, involvement of the
mentalizing system might contribute to social cognition by pro-
cessing the differentiation of self and other. In dyadic interaction
both mechanisms are crucially important as a facial expression
might highlight someone else’s internal state, but could also refer
to some object or might be expressive of the assessment of the
vis-a-vis behavior or the process of interacting itself. Whether
mimicry responses are abnormal in individuals with ASD has been
subject of long-standing debate. Seminal studies by Heyes and col-
leagues have demonstrated that individuals with ASD, in fact, do
show automatic imitative behavior (e.g. Bird et al., 2007; see also
Southgate and Hamilton, 2008). More recently, Hamilton and co-
workers (Forbes et al., 2016) showed that individuals with ASD also
show mimicry, but they do not show an enhancement of mimicry
responses ina gaze-based social context as neurotypical individuals
do; hence providing support for the social top-down response mod-

ulation (STORM) model of mimicry in autism, in that the mimicry
response is not top-down modulated by social context.

In another series of studies conducted by Schilbach et al. (2010,
2011), an action control paradigm was used, which required that
participants performed spatially congruent or incongruent but-
ton presses to respond to an unpredictable change in the visual
stimulus. In order to investigate the effect of social context on
behavioral and neural mechanisms of action control, the stimulus
type was varied to include both social (face stimulus) and non-
social (geometric shape) stimuli. Using this paradigm it was shown
that the so-called incongruency costs, i.e. longer reaction times
necessary to generate a spatially incongruent as compared to a
congruent response, were significantly smaller for the social as
compared to the non-social stimulus in healthy controls. At the
neural level this effect reflected by a differential increase of neural
activity in subcortical structures relevant for the habitual perfor-
mance of actions (caudate nucleus) as well as regions involved in
action monitoring (ACC), action preparation (IFG) and social cogni-
tion (dorsomedial prefrontal cortex). These findings indicate that
even a minimal, gaze-based social context significantly and auto-
matically changes the neural networks relevant for action control,
which might explain the effortless and prompt behavioral adapta-
tions that non-autistic individuals make in the presence of others.
As expected, a group of individuals with high-functioning autism
did show incongruency effects, but those were not modulated by
the social context.

While the above described studies are informative, they do not
provide an account of the computational mechanisms that may
underlie differences in behavior and brain activity. As described in
the introduction, recent developments in cognitive neuroscience
have embraced a perspective that describes the brain as a “pre-
diction machine” whose ultimate goal it is to construct a model of
the environment in order to predict the causes of sensory input, to
anticipate future states and to minimize the resulting ‘prediction
error’. Specific theoretical commitments aside, all these accounts
tend to agree in suggesting that perception in individuals with ASD
may be more strongly driven by perceptual evidence as compared
to prior knowledge. This may explain a stronger reliance on percep-
tual input, but may render ambiguous situations, in which sensory
input is not sufficient to disambiguate, problematic, because they
may require stronger reliance on prior knowledge. Consequently,
such accounts can be seen to align with suggestions made by Wang
and Hamilton (2012) that autistic symptomatology may result from
difficulties in the context-sensitive, top down modulation of per-
ceptual processing. In order to test, whether autistic traits are, in
fact, related to differences in Bayesian inference, Sevgi et al. (2016)
used computational modeling to investigate autistic trait-related
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differences in the weighting of social and non-social information
during reward-based learning and decision-making. In this study,
it was shown that individuals with higher autistic traits are not
‘blind’ to social information in the environment and, in fact, do
learn about it, but the extent to which they update their beliefs
and are, thus, influenced by this information when making deci-
sions is lower than in individuals with lower autistic traits. This
again emphasizes that what might be different in autism is not
merely the ability to process social information, but a propensity
to actually use this information when generating actions oneself.

Until today, no consistent neurochemical, neurophysiological,
or neuroanatomical abnormality has been detected that could
be directly used to inform the diagnosis of ASD. Based on the
above described findings, it may be important in future research to
assess the neural mechanisms of how sensory processing reaches
cortical hubs and influences decision-making and action control
(Sepulcre et al., 2015) in more ecologically valid social situations
(Schilbach, 2015,2016a,b). Here, it will also be important to investi-
gate the relevant motivational mechanisms, which might be key to
understanding why and when individuals actually use their social
perceptual skills (e.g. Schilbach et al., 2010). Such studies should
also include an investigation of the neurochemical basis of social
reward (e.g. Délen et al., 2013; Délen 2015) and could address how
differences and/or similarities across interacting individuals may
impact whether individuals are motivated and able to interact with
one another. Here, clinical intuition and anecdotal evidence sug-
gests that individuals with autism might be more motivated and/or
able to interact with other individuals with autism (Schilbach,
2016a). To investigate these questions systematically, we have
generated an experimental platform, in which behavior and its
underlying computational mechanisms can be assessed individu-
ally and collectively while two persons perform the same task. It is
to the description of this setup that we now turn.

3. Two-person psychophysiology and computational
modeling: a framework for studying the interrelation of
sensory and social processes in social interaction

In this section, we present an experimental framework and anal-
ysis schemes for future research of multilevel mechanisms of social
interaction, i.e. from (sub-)individual to interpersonal processes,
and most importantly their interrelationships. The importance of
considering the dialectics between individual and socio-cultural
processes, with an emphasis on social interaction, in psychological
and psychopathological research has been emphasized in the past
(e.g. in cultural historical theories; Vygotsky, 1930-1935/1978;
views of Vygotsky and colleagues in Dafermos, 1930-1935/2002).
However, due to conceptual and methodological constraints, neu-
ropsychiatric research has not until recently addressed these issues
(for some recent attempts of the field to consider more interac-
tive scenarios see Montague et al., 2002; Schilbach et al., 2006,
2010; Pfeiffer et al., 2011; Dumas et al., 2012; Miiller et al., 2013;
Konvalinka and Roepstorff, 2012; Froese et al., 2014; Dumas et al.,
2014b; Bilek et al., 2015). Such studies have been successful in tap-
ping into some intra-, as well as interpersonal aspects of social
interactions, such as joint attention, imitation, interpersonal syn-
chronization and joint decision-making. In this article, we have
emphasized the importance of interplay between sensory and
social processes for the development and manifestation of cardi-
nal characteristics of autism. Consequently, we are now describing
a two-person setup, which allows for a formal investigation of this
interplay during gaze-based social interaction. In this setup, par-
ticipants are sitting opposite to each other, trying to accomplish
perceptual tasks individually, while interacting via gaze behavior in
real time through a micro-camera communication system. This

dual functionality will be pivotal for relating multilevel processes,
ranging from the level of the individual (e.g. observation and reac-
tion to perceptual information; Fig. 1: blue and green arrows) to
the level of the collective (e.g. social interaction loop; Fig. 1: red
arrows).

Crucially, such a setup will enable the consideration of all possi-
ble types of dyads (i.e. dyads consisting of neurotypical persons,
dyads of persons with autism, as well as neurotypical-autistic
dyads). Furthermore, its design allows for using tasks that com-
prise both free viewing and strictly structured tasks that can be
performed individually, cooperatively or competitively. This com-
promise will allow for formal interpretation of the data, while
preserving adequate degrees of ecological validity. To this end, the
two-person setup transparently obtains high-resolution empirical
data via infrared eye-trackers, micro-cameras, biological motion
sensors and (electro-)physiological recorders, thus, providing mul-
tiple behavioral and (electro-)physiological readouts, such as gaze
position, facial expression, heart rate variability and brain activity.
Collection of biological measurements will enable the specification
of lower level biological mechanisms, such as genetic and epi-
genetic mechanisms, while consideration of cultural factors, e.g.
through priming or targeted selection of participants, might allow
for touching upon higher level processes at the level of interper-
sonal exchange. Such a multi-level approach could complement
enactivist and multi-scale approaches (e.g. De Jaegher and Di Paolo,
2007; Froese et al., 2011; Dumas et al., 2014c), as well as facilitate
an integration of seemingly disparate perspectives (e.g. Frith, 1996;
Gordon, 2016; Harris, 2016).

Importantly, the acquisition of high dimensional two-person
data sets will allow for multi-level analyses via advanced compu-
tational methods (e.g. Bayesian and cross-recurrence approaches;
Montague et al., 2012; Stephan and Mathys, 2014; Marwan et al.,
2007). Firstly, intra-individual processes (Fig. 1; green arrows)
could be modelled on the basis of Bayesian integration (Fig. 2a).
Here, studying mechanisms for combining non-social (Fig. 1; blue
arrows) with social (Fig. 1; red arrows) information will be mostly
relevant (see Sevgi et al., 2016). More specifically, non-social infor-
mation could take the form of perceptual stimuli, while social
information may be constituted by both individual social cues,
such as other person’s gaze, and collective parameters, such as
interpersonal coupling. Secondly, inter-individual processes (Fig. 1;
red arrows) could be modelled on top of intra-individual ones
(Fig. 1; blue and green arrows) via an intersubjective Bayesian
analysis (Fig. 2b; Bolis et al., under review). The latter scheme
aims at modeling both individual mechanisms (orange boxes; e.g.
from neurobiological to cognitive-behavior levels) and processes
of collective behavior (green box; e.g. joint decision making and
interpersonal synchronization). More concretely, in Fig. 2b, u and
symbolize individual beliefs and confidence placed on these beliefs
respectively. The latter are translated and interlinked on a collective
level of description via transformative (e.g. ¢ and w) and coupling
parameters (e.g. p), resulting in observable activity (for more details
see Bolis et al., under review).

Everyday life scenarios could be linked and potentially be stud-
ied in relevance to such kind of mechanisms. To make this point
more intuitive, let us imagine two simple examples. First, let us
imagine alady, Penelope, who is planning to go out for dinner, being
still unsure about whether she needs to wear a coat or not. Thus, she
is opening the window and is feeling a cool breeze, which makes
her thinking that it might be cold out tonight. However, people in
the city are all very lightly dressed this night. After a look down the
street, Penelope is not sure that wearing a coat would be a good
idea after all and decides to leave her coat at home. What might
have happened in this case is that Penelope combined social (i.e.
other people’s behavior) with non-social (i.e. perceptual) informa-
tion for deciding on her dilemma. Eventually, going out without
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Fig. 2. (a) An example of statistically optimal Bayesian integration (green) between non-social (blue) and social information (red). (b) A schematic representation of inter-
subjective Bayesian analysis for capturing both individual mechanisms (orange boxes) and processes of collective behavior (green box); adjusted from Bolis et al., 2015;
under review). (For interpretation of the references to colour in this figure legend, the reader is referred to the web version of this article.)

her coat might have come (not surprisingly from a Bayesian per-
spective) as a result of placing greater confidence on one (i.e. here
social) versus the other (i.e. non-social) clue. Second, let us imag-
ine two friends having a euphoric conversation over the phone on
a pleasantly sunny day. Shortly before they finish the call, subtle
perturbations of the telecommunication line are resulting in minor
signal delays. However minor these delays are, the two friends,
being unaware of this fact, are both left with a bitter feeling, at
the end of the call. What might have happened here is that the
strength of their interpersonal coupling during communication (a
collective parameter) has been so negatively affected, that the ini-
tially positive impression of sunshine (perceptual information) was
outweighed.

4. Conclusions

In this article, we have emphasized the importance of study-
ing sensory-motor integration at the individual as well as at the
dyadic level to more fully understand sensory and social aspects of
autism. This line of research parts from more traditional theories,
which have focused on specific cardinal aspects of autism that fall
either into the social realm, such as social motivation, or a non-
social domain, such as central coherence, while being restricted
to the level of the individual. In order to extend those previous
attempts of investigating the integration of sensory and social cues
at the individual level, recent developments of predictive coding
accounts appear most promising and allow for an investigation of
the computational mechanisms of autistic trait-related differences
in social cognition. Furthermore, we have reviewed empirical evi-
dence, which indicates that autistic individuals might not face the
greatest difficulties during passive observation of either social or
non-social stimuli, but rather when it comes to real-time inter-
action, which make cue integration necessary and the generation
of adequate behavioral responses in the context of ongoing and
reciprocal social interactions. Taking social interaction seriously,
however, we believe, also means that hypotheses and empirical
studies to test them will have to go beyond the individual as the
level of analysis. Here, an important objective will be to explain
how processes of interpersonal coordination can emerge from and
are reciprocally connected to the functioning of individual sensory-
motor processes. In order to realize such truly social studies in
autism (and other psychiatric disorders), we have developed a two-
person setup, which allows for the study of mechanisms at both
the individual and the collective level during real-time social inter-
action. This development opens up completely new avenues for
autism research and might help to arrive at a more comprehensive

understanding of how exactly autism might be neither an exclu-
sively sensory nor an exclusively social condition.

Conflict of interest
None.

References

Altschuler, E.L., Vankov, A., Hubbard, E.M., Roberts, E., Ramachandran, V.S., Pineda,
J.A., 2000. Mu wave blocking by observation of movement and its possible use
as a tool to study theory of other minds. Soc. Neurosci. 26, Abstracts 67.23.

Baron-Cohen, S., Leslie, A.M.,, Frith, U., 1985. Does the autistic child have a theory of
mind? Cognition 21 (1), 37-46.

Bilek, E., Ruf, M., Schifer, A., Akdeniz, C., Calhoun, V.D., Schmahl, C,, ...
Meyer-Lindenberg, A., 2015. Information flow between interacting human
brains: identification, validation, and relationship to social expertise. Proc.
Natl. Acad. Sci. 112 (16), 5207-5212.

Bird, G., Leighton, ]., Press, C., Heyes, C., 2007. Intact automatic imitation of human
and robot actions in autism spectrum disorders. Proc. R. Soc. Lond. B: Biol. Sci.
274 (1628),3027-3031.

Blake, R., Shiffrar, M., 2007. Perception of human motion. Annu. Rev. Psychol. 58,
47-73.

Blake, R., Turner, L.M., Smoski, M.]., Pozdol, S.L., Stone, W.L., 2003. Visual
recognition of biological motion is impaired in children with autism. Psychol.
Sci. 14 (2), 151-157.

Bolis, D., Heinzle, J., Mathys, C., Stephan, K.E., 2015. Inferring Cognitive Traits of
Individual Subjects Through Gaze Controlled Video Games.

Bolis D., Balsters J., Wenderoth N., Becchio C., Schilbach L., Beyond autism:
Introducing the dialectical misattunement hypothesis and a Bayesian account
of intersubjectivity, (under review).

Chevallier, C., Kohls, G., Troiani, V., Brodkin, E.S., Schultz, R.T., 2012. The social
motivation theory of autism. Trends Cogn. Sci. 16 (4), 231-239.

Clark, A., 2013. The many faces of precision. Front. Theor. Philos. Psychol. 4, 270.

Cole, J., 2001. Empathy needs a face. J. Conscious. Stud. 8 (5-6), 51-68.

Cook, J.L., Bird, G., 2012. Atypical social modulation of imitation in autism
spectrum conditions. J. Autism Dev. Disord. 42 (6), 1045-1051.

Cook Jr., E.H., Leventhal, B.L., 1996. The serotonin system in autism. Curr. Opin.
Pediatr. 8 (4), 348-354.

Cusack, J.P., Williams, ].H., Neri, P., 2015. Action perception is intact in autism
spectrum disorder. J. Neurosci. 35 (5), 1849-1857.

Délen, G., Darvishzadeh, A., Huang, KW., Malenka, R.C., 2013. Social reward
requires coordinated activity of nucleus accumbens oxytocin and serotonin.
Nature 501 (7466), 179-184.

Délen, G., 2015. Autism: oxytocin, serotonin, and social reward. Soc. Neurosci. 10
(5), 450-465.

Dafermos M., 1930-1935/2002. The cultural historical theory of Vygotsky:
philosophical, psychological and pedagogical aspects, Atrapos (in Greek).

Dakin, S., Frith, U., 2005. Vagaries of visual perception in autism. Neuron 48,
497-507.

De Jaegher, H., Di Paolo, E., 2007. Participatory sense-making. Phenomenol. Cognit.
Sci. 6 (4), 485-507.

DeRamus, T.P., Black, B.S., Pennick, M.R., Kana, R.K., 2014. Enhanced parietal cortex
activation during location detection in children with autism. J. Neurodev.
Disord. 6 (1), 1.

Di Pellegrino, G., Fadiga, L., Fogassi, L., Gallese, V., Rizzolatti, G., 1992.
Understanding motor events: a neurophysiological study. Exp. Brain Res. 91,
176-180.

Dimberg, U., Thunberg, M., Elmehed, K., 2000. Unconscious facial reactions to
emotional facial expressions. Psychol. Sci. 11 (1), 86-89.


http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0005
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0005
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0005
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0005
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0005
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0005
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0005
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0005
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0005
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0005
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0005
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0005
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0005
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0005
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0005
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0005
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0005
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0005
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0005
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0005
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0005
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0005
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0005
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0005
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0005
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0010
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0010
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0010
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0010
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0010
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0010
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0010
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0010
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0010
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0010
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0010
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0010
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0010
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0010
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0010
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0015
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0015
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0015
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0015
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0015
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0015
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0015
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0015
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0015
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0015
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0015
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0015
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0015
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0015
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0015
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0015
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0015
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0015
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0015
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0015
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0015
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0015
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0020
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0020
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0020
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0020
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0020
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0020
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0020
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0020
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0020
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0020
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0020
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0020
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0020
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0020
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0020
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0020
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0020
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0020
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0020
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0020
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0020
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0020
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0020
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0020
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0025
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0025
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0025
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0025
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0025
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0025
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0025
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0025
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0025
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0025
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0025
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0030
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0030
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0030
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0030
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0030
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0030
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0030
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0030
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0030
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0030
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0030
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0030
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0030
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0030
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0030
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0030
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0030
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0030
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0035
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0035
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0035
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0035
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0035
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0035
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0035
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0035
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0035
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0035
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0035
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0045
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0045
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0045
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0045
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0045
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0045
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0045
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0045
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0045
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0045
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0045
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0045
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0045
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0045
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0050
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0050
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0050
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0050
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0050
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0050
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0050
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0050
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0050
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0050
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0050
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0055
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0055
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0055
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0055
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0055
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0055
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0055
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0055
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0055
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0055
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0055
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0055
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0055
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0055
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0060
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0060
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0060
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0060
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0060
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0060
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0060
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0060
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0060
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0060
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0060
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0060
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0060
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0060
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0060
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0060
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0060
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0060
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0065
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0065
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0065
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0065
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0065
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0065
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0065
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0065
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0065
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0065
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0065
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0065
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0065
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0070
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0070
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0070
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0070
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0070
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0070
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0070
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0070
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0070
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0070
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0070
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0070
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0070
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0070
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0070
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0075
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0075
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0075
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0075
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0075
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0075
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0075
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0075
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0075
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0075
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0075
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0075
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0075
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0075
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0075
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0075
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0075
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0080
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0080
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0080
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0080
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0080
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0080
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0080
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0080
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0080
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0080
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0080
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0080
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0080
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0090
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0090
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0090
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0090
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0090
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0090
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0090
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0090
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0090
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0090
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0090
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0095
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0095
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0095
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0095
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0095
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0095
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0095
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0095
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0095
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0095
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0100
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0100
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0100
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0100
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0100
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0100
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0100
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0100
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0100
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0100
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0100
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0100
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0100
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0100
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0100
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0100
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0100
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0105
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0105
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0105
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0105
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0105
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0105
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0105
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0105
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0105
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0105
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0105
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0105
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0105
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0110
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0110
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0110
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0110
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0110
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0110
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0110
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0110
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0110
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0110
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0110
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0110
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0110
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0110

174 D. Bolis, L. Schilbach / Developmental Cognitive Neuroscience 29 (2018) 168-175

Dimberg, U., 1982. Facial reactions to facial expressions. Psychophysiology 19 (6),
643-647.

Dumas, G., Martinerie, J., Soussignan, R., Nadel, J., 2012. Does the brain know who is
at the origin of what in an imitative interaction? Front. Hum. Neurosci. 6, 128.

Dumas, G., Soussignan, R., Hugueville, L., Martinerie, ., Nadel, J., 2014a. Revisiting
mu suppression in autism spectrum disorder. Brain Res. 1585, 108-119.

Dumas, G., de Guzman, G.C., Tognoli, E., Kelso, J.S., 2014b. The human dynamic
clamp as a paradigm for social interaction. Proc. Natl. Acad. Sci. 111 (35),
E3726-E3734.

Dumas, G., Kelso, J.S., Nadel, J., 2014c. Tackling the social cognition paradox
through multi-scale approaches. Front. Psychol. 2014 (5), 882.

Fitzgibbon, B.M., Segrave, R.A., Fitzgerald, P.B., Enticott, P.G., 2013. Can studies of
pain help to bridge the gap between sensory and social impairments in
autism? Proc. Natl. Acad. Sci. USA 108, 6270-6275.

Forbes, P.A., Wang, Y., Hamilton, A.F.D.C., 2016. Stormy interactions: gaze and the
modulation of mimicry in adults on the autism spectrum. Psychon. Bull. Rev.,
1-7.

Friston, K., Lawson, R,, Frith, C.D., 2013. On hyperpriors and hypopriors: comment
on Pellicano and Burr. Trends Cogn. Sci. 17 (1), 1.

Friston, K., 2005. A theory of cortical responses. Philos. Trans. R. Soc. B: Biol. Sci.
360, 815-836.

Friston, K., 2008. Hierarchical models in the brain. PLoS Comput. Biol. 4, e1000211.

Frith, U., 1989. Autism: Explaining the enigma. Blackwell Scientific Publications,
Oxford.

Frith, U., 1996. Cognitive explanations of autism. Acta Paediatr. 85 (s416), 63-68.

Froese, T., Paolo, D., Ezequiel, A., 2011. The enactive approach: theoretical sketches
from cell to society. Pragmat. Cognit. 19 (1), 1-36.

Froese, T., lizuka, H., Ikegami, T., 2014. Embodied social interaction constitutes
social cognition in pairs of humans: a minimalist virtual reality experiment.
Sci. Rep. 4.

Gallagher, S., Varga, S., 2015. Conceptual issues in autism spectrum disorders. Curr.
Opin. Psychiatry 28 (March (2)), 127-132.

Gordon, J.A., 2016. On being a circuit psychiatrist. Nat. Neurosci. 19 (11), 1385.

Happé, F,, Frith, U., 2006. The weak coherence account: detail-focused cognitive
style in autism spectrum disorders. J. Autism Dev. Disord. 36 (1), 5-25.

Happé, F., Ronald, A., Plomin, R., 2006. Time to give up on a single explanation for
autism. Nat. Neurosci. 9 (10), 1218-1220.

Happé, F., 2003. Cognition in autism: one deficit or many? In: Autism: Neural Basis
and Treatment Possibilities: Novartis Foundation Symposium 251. John Wiley
& Sons Ltd., pp. 198-212.

Harris, J.C., 2016. The origin and natural history of autism spectrum disorders. Nat.
Neurosci. 19 (11), 1390-1391.

Herrington, ].D., Baron-Cohen, S., Wheelwright, S.J., Singh, K.D., Bullmore, E.T.,
Brammer, M., Williams, S.C., 2007. The role of MT+/V5 during biological motion
perception in Asperger Syndrome: an fMRI study. Res. Autism Spectr. Disord. 1
(1), 14-27.

Hill, E.L., 2004. Executive dysfunction in autism. Trends Cognit. Sci. 8 (1), 26-32.

Hubert, B., Wicker, B., Moore, D.G., Monfardini, E., Duverger, H., Da Fonseca, D.,
Deruelle, C., 2007. Brief report: recognition of emotional and non-emotional
biological motion in individuals with autistic spectrum disorders. J. Autism
Dev. Disord. 37 (7), 1386-1392.

Huerta, M., Bishop, S.L., Duncan, A., Hus, V., Lord, C., 2012. Application of DSM-5
criteria for autism spectrum disorder to three samples of children with DSM-IV
diagnoses of pervasive developmental disorders. Am. . Psychiatry 169 (10),
1056-1064.

Jensen, C.M., Martens, C.S., Nikolajsen, N.D., Gregersen, T.S., Marx, N.H.,
Frederiksen, M.G., Hansen, M.S., 2016. What do the general population know,
believe and feel about individuals with autism and schizophrenia: results from
a comparative survey in Denmark. Autism 20 (4), 496-508.

Johansson, G., 1973. Visual perception of biological motion and a model for its
analysis. Percept. Psychophys. 14 (2), 201-211.

Kaiser, M.D., Pelphrey, K.A., 2012. Disrupted action perception in autism:
behavioral evidence, neuroendophenotypes, and diagnostic utility. Dev.
Cognit. Neurosci. 2 (1), 25-35.

Kaiser, M.D., Delmolino, L., Tanaka, J.W., Shiffrar, M., 2010. Comparison of visual
sensitivity to human and object motion in autism spectrum disorder. Autism
Res. 3 (4), 191-195.

Konvalinka, I, Roepstorff, A., 2012. The two-brain approach: how can mutually
interacting brains teach us something about social interaction? Front. Hum.
Neurosci. 6, 215.

Lawson, R.P., Rees, G., Friston, K.J., 2014. An aberrant precision account of autism.
Front. Hum. Neurosci. 2014 (8), 302.

Leekam, S.R., Nieto, C., Libby, S.J., Wing, L., Gould, J., 2007. Describing the sensory
abnormalities of children and adults with autism. J. Autism Dev. Disord. 37 (5),
894-910.

Linkenauger, S.A., Lerner, M.D., Ramenzoni, V.C., Proffitt, D.R., 2012. A
perceptual-motor deficit predicts social and communicative impairments in
individuals with autism spectrum disorders. Autism Res. 5 (5), 352-362.

Lottem, E., Lorincz, M.L., Mainen, Z.F., 2016. Optogenetic activation of dorsal raphe
serotonin neurons rapidly inhibits spontaneous but not odor-Evoked activity
in olfactory cortex. J. Neurosci. 36 (1), 7-18.

Miiller, V., Sdnger, |, Lindenberger, U., 2013. Intra- and inter-brain synchronization
during musical improvisation on the guitar. PLoS One 8 (9), e73852.

MacDonald, M., Lord, C., Ulrich, D.A., 2013. The relationship of motor skills and
social communicative skills in school-aged children with autism spectrum
disorder. Adapt. Phys. Activ. Q 30 (3), 271-282.

Manera, V., Schouten, B., Becchio, C., Bara, B.G., Verfaillie, K., 2010. Inferring
intentions from biological motion: a stimulus set of point-light communicative
interactions. Behav. Res. Methods 42 (1), 168-178.

Manera, V., Becchio, C., Schouten, B., Bara, B.G., Verfaillie, K., 2011. Communicative
interactions improve visual detection of biological motion. PLoS One 6 (1),
e14594.

Marwan, N., Romano, M.C,, Thiel, M., Kurths, J., 2007. Recurrence plots for the
analysis of complex systems. Phys. Rep. 438 (5), 237-329.

Mojzisch, A., Schilbach, L., Helmert, ].R., Pannasch, S., Velichkovsky, B.M., Vogeley,
K., 2006. The effects of self-involvement on attention, arousal, and facial
expression during social interaction with virtual others: a psychophysiological
study. Soc. Neurosci. 1 (3-4), 184-195.

Montague, P.R,, Berns, G.S., Cohen, J.D., McClure, S.M., Pagnoni, G., Dhamala, M.,
Fisher, R.E., 2002. Hyperscanning: simultaneous fMRI during linked social
interactions. Neuroimage 16 (4), 1159-1164.

Montague, P.R., Dolan, RJ., Friston, KJ., Dayan, P., 2012. Computational psychiatry.
Trends Cogn. Sci. 16 (1), 72-80.

Moore, D.G., Hobson, R.P., Lee, A., 1997. Components of person perception: an
investigation with autistic, non autistic retarded and typically developing
children and adolescents. Br. ] Dev. Psychol. 15 (4), 401-423.

Mumford, D., 1992. On the computational architecture of the neocortex II. Biol.
Cybern. 66, 241-251.

Niedenthal, P.M., Barsalou, LW., Winkielman, P., Krauth-Gruber, S., Ric, F., 2005.
Embodiment in attitudes, social perception, and emotion. Pers. Soc. Psychol.
Rev. 9 (3), 184-211.

Oberman, L.M., Winkielman, P., Ramachandran, V.S., 2007. Face to face: blocking
facial mimicry can selectively impair recognition of emotional expressions.
Soc. Neurosci. 2 (3-4), 167-178.

Parron, C., Da Fonseca, D., Santos, A., Moore, D., Monfardini, E., Deruelle, C., 2008.
Recognition of biological motion in children with autistic spectrum disorders.
Autism 12 (3), 261-274.

Pellicano, E., Burr, D., 2012. When the world becomes ‘too real’: a Bayesian
explanation of autistic perception. Trends Cogn. Sci. 16 (10), 504-510.

Pelphrey, K.A,, Shultz, S., Hudac, C.M., Vander Wyk, B.C., 2011. Research review:
constraining heterogeneity: the social brain and its development in autism
spectrum disorder. J. Child Psychol. Psychiatry 52 (6), 631-644.

Perkins, T., Stokes, M., McGillivray, ]., Bittar, R., 2010. Mirror neuron dysfunction in
autism spectrum disorders. J. Clin. Neurosci. 17 (10), 1239-1243.

Pfeiffer, UJ., Timmermans, B., Bente, G., Vogeley, K., Schilbach, L., 2011. A
non-verbal turing test: differentiating mind from machine in gaze-based social
interaction. PLoS One 6 (11), e27591.

Pinto, J., Shiffrar, M., 2009. The visual perception of human and animal motion in
point-light displays. Soc. Neurosci. 4 (4), 332-346.

Ramachandran, V.S., Oberman, L.M., 2006. Broken mirrors: a theory of autism. Sci.
Am. 295, 62-69.

Rizzolatti, G., Craighero, L., 2004. The mirror-neuron system. Annu. Rev. Neurosci.
27,169-192.

Robertson, C.E., Ratai, E.M., Kanwisher, N., 2016. Reduced GABAergic action in the
autistic brain. Curr. Biol. 26 (1), 80-85.

Schilbach, L., Wohlschlaeger, A.M., Kraemer, N.C., Newen, A., Shah, NJ., Fink, G.R,,
Vogeley, K., 2006. Being with virtual others: neural correlates of social
interaction. Neuropsychologia 44 (5), 718-730.

Schilbach, L., Eickhoff, S.B., Mojzisch, A., Vogeley, K., 2008. What's in a smile?
Neural correlates of facial embodiment during social interaction. Soc. Neurosci.
3(1), 37-50.

Schilbach, L., Wilms, M., Eickhoff, S.B., Romanzetti, S., Tepest, R., Bente, G., Vogeley,
K., 2010. Minds made for sharing: initiating joint attention recruits
reward-related neurocircuitry. J. Cogn. Neurosci. 22 (12), 2702-2715.

Schilbach, L., Eickhoff, S.B., Cieslik, E.C., Kuzmanovic, B., Vogeley, K., 2011. Shall we
do this together? Social gaze influences action control in a comparison group,
but not in individuals with high-functioning autism. Autism,
1362361311409258.

Schilbach, L., Timmermans, B., Reddy, V., Costall, A., Bente, G., Schlicht, T., Vogeley,
K., 2013. Toward a second-person neuroscience. Behav. Brain Sci. 36 (04),
393-414.

Schilbach, L., 2015. The neural correlates of social cognition and social interaction.
In: Brain Mapping: An Encyclopedic Reference. Elsevier, pp. 159-164.

Schilbach, L., 2016a. Towards a second-person neuropsychiatry. Phil. Trans. R. Soc.
B 371(1686),20150081.

Schilbach, L., 2016b. The Neuroscience of Mimicry During Social Interactions.
Emotional Mimicry in Social Context. Cambridge University Press.

Senju, A., Southgate, V., White, S., Frith, U., 2009. Mindblind eyes: an absence of
spontaneous theory of mind in Asperger syndrome. Science 325 (5942),
883-885.

Sepulcre, J., Sabuncu, M.R,, Gotii, J., 2015. Hubs and pathways. In: Arthur Toga, W.
(Ed.), Brain Mapping, vol. 2015. Academic Press, Waltham, pp. 441-447, http://
dx.doi.org/10.1016/B978-0-12-397025-1.00023-3, ISBN 9780123973160.

Sevgi, M., Diaconescu, A.O., Tittgemeyer, M., Schilbach, L., 2016. Social bayes: using
bayesian modeling to study autistic trait?related differences in social
cognition. Biol. Psychiatry 80 (2), 112-119.

Southgate, V., Hamilton, A.F., 2008. Unbroken mirrors: challenging a theory of
Autism. Trends Cogn. Sci.

Spikins, P., Wright, B., Hodgson, D., 2016. Are there alternative adaptive strategies
to human pro-sociality? The role of collaborative morality in the emergence of
personality variation and autistic traits. Time Mind 9 (4), 289-313.


http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0115
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0115
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0115
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0115
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0115
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0115
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0115
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0115
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0115
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0115
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0115
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0120
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0120
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0120
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0120
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0120
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0120
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0120
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0120
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0120
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0120
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0120
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0120
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0120
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0120
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0120
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0120
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0120
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0120
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0120
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0120
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0125
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0125
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0125
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0125
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0125
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0125
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0125
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0125
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0125
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0125
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0125
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0125
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0125
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0130
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0130
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0130
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0130
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0130
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0130
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0130
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0130
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0130
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0130
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0130
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0130
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0130
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0130
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0130
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0130
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0130
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0130
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0130
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0135
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0135
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0135
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0135
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0135
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0135
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0135
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0135
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0135
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0135
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0135
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0135
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0135
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0140
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0140
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0140
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0140
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0140
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0140
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0140
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0140
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0140
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0140
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0140
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0140
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0140
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0140
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0140
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0140
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0140
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0140
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0140
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0140
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0140
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0140
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0140
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0140
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0140
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0145
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0145
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0145
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0145
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0145
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0145
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0145
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0145
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0145
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0145
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0145
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0145
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0145
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0145
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0145
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0145
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0145
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0145
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0145
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0145
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0150
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0150
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0150
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0150
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0150
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0150
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0150
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0150
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0150
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0150
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0150
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0150
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0150
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0150
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0150
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0155
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0155
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0155
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0155
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0155
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0155
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0155
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0155
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0155
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0155
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0155
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0155
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0155
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0155
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0155
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0155
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0160
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0160
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0160
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0160
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0160
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0160
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0160
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0160
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0160
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0160
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0165
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0165
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0165
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0165
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0165
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0165
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0165
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0165
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0170
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0170
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0170
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0170
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0170
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0170
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0170
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0170
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0170
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0170
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0170
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0175
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0175
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0175
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0175
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0175
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0175
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0175
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0175
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0175
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0175
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0175
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0175
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0175
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0175
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0175
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0175
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0180
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0180
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0180
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0180
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0180
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0180
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0180
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0180
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0180
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0180
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0180
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0180
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0180
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0180
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0180
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0180
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0180
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0180
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0185
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0185
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0185
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0185
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0185
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0185
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0185
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0185
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0185
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0185
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0185
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0185
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0185
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0185
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0185
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0190
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0190
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0190
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0190
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0190
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0190
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0190
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0190
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0190
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0190
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0195
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0195
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0195
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0195
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0195
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0195
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0195
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0195
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0195
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0195
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0195
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0195
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0195
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0195
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0195
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0195
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0195
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0195
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0195
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0195
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0200
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0200
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0200
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0200
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0200
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0200
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0200
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0200
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0200
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0200
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0200
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0200
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0200
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0200
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0200
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0200
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0200
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0205
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0205
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0205
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0205
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0205
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0205
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0205
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0205
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0205
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0205
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0205
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0205
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0205
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0205
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0205
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0205
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0205
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0205
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0205
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0205
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0205
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0205
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0205
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0205
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0205
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0205
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0205
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0210
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0210
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0210
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0210
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0210
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0210
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0210
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0210
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0210
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0210
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0210
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0210
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0210
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0210
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0210
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0210
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0215
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0215
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0215
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0215
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0215
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0215
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0215
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0215
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0215
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0215
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0215
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0215
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0215
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0215
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0215
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0215
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0215
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0215
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0215
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0215
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0215
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0215
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0215
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0220
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0220
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0220
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0220
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0220
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0220
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0220
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0220
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0220
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0220
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0220
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0220
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0225
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0225
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0225
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0225
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0225
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0225
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0225
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0225
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0225
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0225
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0225
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0225
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0225
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0225
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0225
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0225
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0225
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0225
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0225
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0225
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0225
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0225
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0225
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0225
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0230
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0230
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0230
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0230
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0230
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0230
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0230
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0230
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0230
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0230
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0230
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0230
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0230
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0230
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0230
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0230
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0230
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0230
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0230
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0230
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0230
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0230
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0230
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0230
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0230
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0230
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0230
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0230
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0235
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0235
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0235
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0235
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0235
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0235
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0235
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0235
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0235
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0235
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0235
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0235
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0235
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0235
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0235
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0235
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0235
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0235
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0235
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0235
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0235
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0235
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0235
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0235
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0235
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0235
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0235
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0235
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0240
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0240
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0240
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0240
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0240
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0240
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0240
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0240
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0240
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0240
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0240
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0240
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0240
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0240
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0240
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0240
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0240
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0240
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0245
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0245
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0245
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0245
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0245
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0245
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0245
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0245
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0245
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0245
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0245
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0245
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0245
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0245
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0245
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0245
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0245
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0245
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0245
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0250
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0250
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0250
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0250
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0250
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0250
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0250
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0250
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0250
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0250
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0250
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0250
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0250
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0250
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0250
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0250
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0250
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0250
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0250
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0250
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0255
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0255
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0255
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0255
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0255
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0255
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0255
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0255
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0255
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0255
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0255
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0255
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0255
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0255
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0255
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0255
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0255
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0255
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0255
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0260
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0260
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0260
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0260
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0260
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0260
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0260
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0260
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0260
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0260
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0260
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0260
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0265
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0265
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0265
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0265
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0265
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0265
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0265
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0265
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0265
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0265
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0265
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0265
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0265
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0265
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0265
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0265
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0265
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0265
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0265
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0270
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0270
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0270
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0270
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0270
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0270
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0270
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0270
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0270
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0270
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0270
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0270
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0270
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0270
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0270
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0270
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0270
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0270
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0270
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0270
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0270
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0270
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0270
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0275
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0275
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0275
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0275
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0275
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0275
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0275
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0275
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0275
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0275
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0275
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0275
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0275
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0275
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0275
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0275
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0275
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0275
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0275
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0275
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0275
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0275
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0275
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0275
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0280
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0280
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0280
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0280
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0280
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0280
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0280
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0280
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0280
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0280
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0280
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0280
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0280
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0280
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0280
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0285
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0285
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0285
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0285
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0285
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0285
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0285
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0285
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0285
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0285
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0285
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0285
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0285
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0285
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0285
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0285
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0285
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0285
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0285
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0285
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0285
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0285
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0285
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0285
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0285
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0290
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0290
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0290
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0290
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0290
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0290
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0290
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0290
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0290
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0290
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0290
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0290
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0290
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0290
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0290
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0290
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0290
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0290
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0290
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0290
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0295
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0295
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0295
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0295
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0295
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0295
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0295
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0295
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0295
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0295
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0295
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0295
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0295
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0300
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0300
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0300
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0300
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0300
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0300
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0300
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0300
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0300
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0300
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0300
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0300
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0300
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0300
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0300
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0305
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0305
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0305
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0305
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0305
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0305
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0305
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0305
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0305
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0305
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0305
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0305
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0305
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0305
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0305
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0305
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0305
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0305
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0305
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0305
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0305
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0305
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0305
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0305
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0305
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0305
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0305
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0305
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0310
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0310
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0310
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0310
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0310
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0310
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0310
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0310
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0310
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0310
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0310
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0310
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0310
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0315
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0315
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0315
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0315
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0315
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0315
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0315
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0315
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0315
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0315
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0320
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0320
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0320
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0320
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0320
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0320
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0320
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0320
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0320
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0320
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0320
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0320
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0320
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0320
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0320
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0320
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0320
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0320
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0320
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0320
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0320
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0320
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0320
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0320
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0320
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0320
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0325
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0325
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0325
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0325
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0325
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0325
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0325
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0325
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0325
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0325
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0325
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0325
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0325
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0325
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0330
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0330
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0330
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0330
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0330
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0330
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0330
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0330
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0330
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0330
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0330
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0330
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0330
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0330
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0330
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0330
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0335
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0335
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0335
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0335
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0335
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0335
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0335
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0335
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0335
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0335
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0335
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0335
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0335
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0335
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0335
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0335
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0335
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0335
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0335
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0335
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0335
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0335
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0340
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0340
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0340
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0340
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0340
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0340
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0340
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0340
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0340
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0340
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0340
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0340
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0340
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0340
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0340
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0340
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0345
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0345
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0345
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0345
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0345
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0345
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0345
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0345
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0345
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0345
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0345
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0345
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0345
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0345
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0345
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0345
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0345
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0345
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0345
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0345
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0350
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0350
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0350
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0350
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0350
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0350
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0350
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0350
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0350
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0350
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0350
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0350
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0350
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0350
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0350
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0350
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0350
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0350
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0350
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0350
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0350
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0350
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0350
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0355
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0355
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0355
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0355
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0355
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0355
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0355
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0355
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0355
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0355
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0355
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0355
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0355
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0355
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0355
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0360
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0360
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0360
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0360
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0360
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0360
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0360
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0360
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0360
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0360
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0360
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0360
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0360
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0360
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0360
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0360
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0360
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0365
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0365
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0365
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0365
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0365
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0365
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0365
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0365
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0365
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0365
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0365
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0365
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0365
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0365
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0365
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0365
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0365
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0365
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0370
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0370
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0370
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0370
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0370
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0370
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0370
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0370
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0370
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0370
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0370
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0370
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0375
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0375
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0375
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0375
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0375
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0375
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0375
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0375
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0375
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0375
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0380
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0380
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0380
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0380
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0380
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0380
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0380
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0380
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0380
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0380
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0380
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0380
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0380
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0380
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0385
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0385
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0385
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0385
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0385
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0385
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0385
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0385
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0385
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0385
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0385
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0385
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0385
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0385
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0385
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0390
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0390
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0390
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0390
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0390
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0390
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0390
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0390
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0390
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0390
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0390
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0390
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0390
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0390
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0390
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0390
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0390
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0390
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0390
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0395
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0395
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0395
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0395
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0395
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0395
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0395
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0395
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0395
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0395
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0395
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0395
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0395
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0395
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0395
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0395
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0395
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0395
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0400
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0400
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0400
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0400
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0400
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0400
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0400
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0400
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0400
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0400
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0400
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0400
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0400
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0400
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0400
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0400
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0400
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0400
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0400
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0400
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0400
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0400
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0400
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0405
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0405
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0405
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0405
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0405
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0405
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0405
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0405
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0405
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0405
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0405
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0405
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0410
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0410
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0410
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0410
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0410
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0410
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0410
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0410
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0410
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0410
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0410
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0410
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0410
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0410
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0410
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0410
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0410
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0410
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0410
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0410
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0415
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0415
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0415
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0415
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0415
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0415
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0415
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0415
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0415
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0415
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0415
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0415
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0420
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0420
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0420
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0420
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0420
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0420
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0420
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0420
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0420
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0420
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0420
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0420
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0420
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0420
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0420
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0425
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0425
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0425
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0425
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0425
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0425
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0425
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0425
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0425
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0425
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0425
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0425
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0425
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0425
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0425
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0425
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0425
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0425
dx.doi.org/10.1016/B978-0-12-397025-1.00023-3
dx.doi.org/10.1016/B978-0-12-397025-1.00023-3
dx.doi.org/10.1016/B978-0-12-397025-1.00023-3
dx.doi.org/10.1016/B978-0-12-397025-1.00023-3
dx.doi.org/10.1016/B978-0-12-397025-1.00023-3
dx.doi.org/10.1016/B978-0-12-397025-1.00023-3
dx.doi.org/10.1016/B978-0-12-397025-1.00023-3
dx.doi.org/10.1016/B978-0-12-397025-1.00023-3
dx.doi.org/10.1016/B978-0-12-397025-1.00023-3
dx.doi.org/10.1016/B978-0-12-397025-1.00023-3
dx.doi.org/10.1016/B978-0-12-397025-1.00023-3
dx.doi.org/10.1016/B978-0-12-397025-1.00023-3
dx.doi.org/10.1016/B978-0-12-397025-1.00023-3
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0435
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0435
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0435
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0435
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0435
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0435
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0435
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0435
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0435
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0435
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0435
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0435
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0435
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0435
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0435
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0435
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0435
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0435
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0435
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0435
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0440
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0440
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0440
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0440
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0440
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0440
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0440
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0440
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0440
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0440
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0445
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0445
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0445
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0445
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0445
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0445
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0445
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0445
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0445
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0445
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0445
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0445
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0445
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0445
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0445
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0445
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0445
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0445
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0445
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0445
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0445
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0445
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0445
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0445
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0445
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0445
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0445
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0445
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0445

D. Bolis, L. Schilbach / Developmental Cognitive Neuroscience 29 (2018) 168-175 175

Stephan, K.E., Mathys, C., 2014. Computational approaches to psychiatry. Curr.
Opin. Neurobiol. 25, 85-92.

Van Boxtel, ].J., Lu, H., 2013. A predictive coding perspective on autism spectrum
disorders. Front. Psychol. 4, 19.

Van de Cruys, S., Evers, K., Van der Hallen, R., Van Eylen, L., Boets, B., de-Wit, L.,
Wagemans, J., 2014. Precise minds in uncertain worlds: predictive coding in
autism. Psychol. Rev. 121 (4), 649.

Vittorias, J., Petrantonakis, P., Bolis, D., Tsiligkyri, A., Kosmidou, V., Hadjileontiadis,
LJ., 2008. Noesis: an enhanced educational environment for kids with autism
spectrum disorders. In: Eighth IEEE International Conference on Advanced
Learning Technologies, 2008. ICALT’08, IEEE, pp. 1019-1020.

Vygotsky L.S., (1930-1935/1978). Mind in Society: The Development of Higher
Psychological Processes, Harvard University Press; Revised ed. edition (March
7,1978).

Vygotsky L.S., (1934/2008). Thought and Language, translated by Maria Rodim
Angelina Rodi, Athens : Gnosi (in Greek).

Wang, Y., Hamilton, A.F., 2012. Social Top-down Response Modulation (STORM): A
model of the control of mimicry in social interaction. Front. Hum. Neurosci.

Wing, L., Gould, J., 1979. Severe impairments of social interaction and associated
abnormalities in children: epidemiology and classification. J. Autism Dev.
Disord. 9 (1), 11-29.

Yoon, ]., Johnson, S.C., 2009. Biological motion displays elicit social behavior in
12-month-olds. Child Dev. 80 (4), 1069-1075.

von der Liihe, T., Manera, V., Barisic, L, Becchio, C., Vogeley, K., Schilbach, L., 2016.
Interpersonal predictive coding, not action perception, is impaired in autism.
Phil. Trans. R. Soc. B 371 (1693), 20150373.


http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0450
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0450
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0450
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0450
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0450
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0450
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0450
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0450
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0450
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0450
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0450
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0455
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0455
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0455
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0455
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0455
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0455
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0455
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0455
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0455
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0455
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0455
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0455
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0460
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0460
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0460
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0460
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0460
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0460
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0460
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0460
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0460
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0460
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0460
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0460
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0460
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0460
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0465
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0465
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0465
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0465
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0465
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0465
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0465
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0465
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0465
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0465
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0465
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0465
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0465
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0465
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0465
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0465
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0465
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0465
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0465
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0465
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0465
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0465
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0465
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0465
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0465
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0465
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0465
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0480
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0480
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0480
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0480
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0480
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0480
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0480
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0480
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0480
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0480
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0480
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0480
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0480
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0480
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0480
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0480
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0480
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0480
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0485
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0485
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0485
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0485
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0485
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0485
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0485
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0485
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0485
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0485
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0485
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0485
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0485
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0485
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0485
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0485
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0485
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0485
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0485
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0485
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0485
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0485
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0490
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0490
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0490
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0490
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0490
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0490
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0490
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0490
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0490
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0490
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0490
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0490
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0490
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0490
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0490
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0495
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0495
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0495
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0495
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0495
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0495
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0495
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0495
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0495
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0495
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0495
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0495
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0495
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0495
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0495
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0495
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0495
http://refhub.elsevier.com/S1878-9293(16)30174-8/sbref0495

	Observing and participating in social interactions: Action perception and action control across the autistic spectrum
	1 Autism: is it a social or a sensory condition?
	2 From action observation to interaction in autism
	3 Two-person psychophysiology and computational modeling: a framework for studying the interrelation of sensory and social...
	4 Conclusions
	Conflict of interest

	References

