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Abstract

Autism spectrum disorder (ASD) is characterized by reduced attention to social stimuli including 

the human face. This hypo-responsiveness to stimuli that are engaging to typically developing 

individuals may result from dysfunctioning motivation, reward, and attention systems in the brain. 

Here we review an emerging neuroimaging literature that emphasizes a shift from focusing on 

hypo-activation of isolated brain regions such as the fusiform gyrus, amygdala, and superior 

temporal sulcus in ASD to a more holistic approach to understanding face perception as a process 

supported by distributed cortical and subcortical brain networks. We summarize evidence for 

atypical activation patterns within brain networks that may contribute to social deficits 

characteristic of the disorder. We conclude by pointing to gaps in the literature and future 

directions that will continue to shed light on aspects of face processing in autism that are still 

under-examined. In particular, we highlight the need for more developmental studies and studies 

examining ecologically valid and naturalistic social stimuli.
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1. Introduction

Faces offer a wealth of cues important for social interaction by rapidly conveying 

information such as identity, emotional expression, and gaze direction. Deficits in face 

perception abilities have a profound influence on social development. Improper face 

identification and emotion recognition can have significant implications for fluent social 

interaction. Some of the most pronounced social deficits characteristic of autism spectrum 

disorders (ASD) are diminished interest in and attention to the human face (Bird et al., 2006; 

Hobson et al., 1998). Over the past several decades, the brain systems supporting these 
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social cognitive processes have been carefully mapped out using functional neuroimaging. 

Atypical neural responses to the human face in ASD are well documented in the functional 

magnetic resonance imaging (fMRI) literature. While the field of autism research has 

historically been dominated by theories positing malfunction of individual brain regions 

such as the fusiform gyrus (FG), amygdala, and superior temporal sulcus (STS) (Adolphs et 

al., 2001; Baron-Cohen et al., 2000; Pelphrey & Carter, 2008; Schultz, 2005), there is 

increasing awareness that autism is characterized by widespread abnormalities throughout 

the brain, and particularly in the patterns of connectivity across cortical and subcortical 

regions (Maximo et al., 2014; Müller et al., 2011).

The human brain is organized into large-scale networks that dynamically interact to produce 

cognition and behavior (Bressler & Menon, 2010; Mesulam, 1990). In cognitive and 

affective neuroscience, there is an increasing consensus that taking a network perspective to 

understanding brain function can provide more parsimonious explanations of the complex 

relationship between brain and behavior (Pessoa, 2014; Lindquist & Barrett, 2012) and in 

particular can elucidate key principals of functional brain organization underlying typical 

and atypical development (Uddin et al., 2010). This movement from focusing on brain 

regions to brain networks has also begun to critically inform social neuroscience. As 

recently reviewed by Kennedy and colleagues, individual brain regions that have been 

historically linked with social processing (including face perception) can now be considered 

in the context of larger networks in which they are embedded, such as the “amygdala 

network”, “mentalizing network”, “empathy network”, and “action-perception network” 

(Kennedy & Adolphs, 2012).

Here we review studies of face perception in ASD, shifting the focus from a model of 

deficits within individual brain regions to highlight atypicalities within face processing brain 

networks. We begin with a comprehensive summary of fMRI studies focusing on various 

aspects of face processing in autism, from perception to emotion recognition and gaze 

processing. We then review the emerging (but limited) literature examining functional 

connectivity of face processing networks in the disorder. We conclude by pointing to gaps in 

the current literature and outlining future directions for research aimed at further 

incorporating network approaches to the study of face processing in ASD. In particular, we 

note that while ASD is a heterogeneous condition, the majority of neuroimaging studies that 

have been conducted have focused on high-functioning adults with the disorder. This is 

largely due to the demands placed on participants, who must remain still and follow 

complex instructions in an MR environment—a task that proves difficult, if not impossible, 

for younger and low-functioning children with the disorder (Yerys, 2009). This focus on 

high-functioning individuals unfortunately limits the generalizability of neuroimaging 

findings to the larger ASD population. Still, the insights that have been gained from studies 

of this subset of individuals are critical for progress in understanding the neurobiology of 

social perception in autism.

2. Face processing networks in the neurotypical brain

Functional MRI investigations in neurotypical (NT) individuals have identified two 

pathways involved in face perception. A subcortical pathway involving the superior 
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colliculus, pulvinar and amygdala, is proposed as an early face perception and expression 

recognition network in typically developing (TD) infants and small children (for a review, 

see Johnson, 2005). The subcortical pathway is also implicated in processing low-spatial 

frequency information (Vuillemier et al., 2003) and attention to emotional expressions in 

typical adults (Hariri et al., 2002; Zald, 2003). A cortical pathway involves the inferior 

occipital gyrus (IOG), FG, STS, and amygdala, together forming a network responsible for 

perceiving changeable and unchangeable face features (Haxby, Hoffman, & Gobbini, 2000). 

Unchangeable face features convey information such as gender and identity and are related 

to increased blood oxygen level dependent (BOLD) activity in the lateral inferior occipital 

lobes and the fusiform gyrus when viewing faces compared to other objects such as houses 

or cars (Kanwisher & Yovel, 2006). Changeable face features convey information such as 

emotional expression and eye gaze direction and are related to increased BOLD activity in 

the STS (Hoffman & Haxby, 2000; Puce et al., 1998; Wicker et al., 1998). The amygdala is 

also implicated in emotional expression perception (Wang et al., 2014; Whalen et al., 2013), 

including dynamic expression perception (Harris et al., 2014) and reflexive orienting to 

expressions (Gamer & Buchel, 2009; Gamer et al., 2013). Additionally, cortical areas such 

as the FG that are implicated in face discrimination and identity recognition are also 

activated during expression recognition (Pessoa et al., 2002a, 2002b; Winston et al., 2004). 

This is in accord with the idea from Haxby et al. (2000) that unchangeable face aspect 

mechanisms are necessary when discerning changeable face aspects. That is, in order to 

perceive a change of a facial expression, one must perceive that change within a ‘face’ 

framework.

The large body of work on cortical and subcortical pathways for face perception in the NT 

brain point to specific, dissociable neural substrates for different aspects of face processing, 

some of which may be intact and some impaired in ASD. We will return to examine this 

distinction and implications for understanding social deficits in ASD in Section 4.

3. Typical development of face processing networks

The developmental trajectories of face- and object-selective cortical areas within the ventral 

pathway have different maturation patterns. Behaviorally, children demonstrate similar face 

perception abilities as adults, albeit with longer reaction times and lower accuracy (de 

Heering et al., 2012). Cortical areas such as the FG and IOG are sensitive to objects but not 

faces in children aged 5-8, while children aged 11-14 show greater activation to faces 

compared to objects (Scherf et al., 2007). The volume of the FG increases around 11 years 

of age with, and this increase is correlated with enhanced recognition memory for faces 

(Golorai et al., 2007). Additionally, functional connectivity of face selective cortical areas 

increases with age (Cohen Kadosh, 2011). It is thought that development of the face 

pathways occurs later due to the fact that faces are typically processed on the individual 

level (eg. Bill Clinton, The Pope) because the social importance of identifying faces often 

leads most individuals to become experts in face-processing (Tanaka, 2001). On the other 

hand, objects are typically processed on the basic level (eg. house, car) (Carey & Diamond, 

1977; Diamond and Carey, 1986; however see, McKone et al., 2012) unless expertise is 

involved (e.g., bird or car experts; Tanaka & Curran, 2001). Haist and colleagues (2013), 

found that the extended face network including the amygdala, inferior frontal gyrus (IFG), 
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insula, and anterior cingulate is hyper-active in children compared with adults, while FG 

activation stays relatively constant across development. Finally, Cohen Kadosh et al. (2013) 

found that the IOG modulates relevant and irrelevant information of gaze and expression 

differently in children and adults, showing different patterns of specialization of the IOG as 

a function of age. Thus, the maturation of the face perception abilities involves changes 

across an entire network, rather than isolated brain areas (Cohen Kadosh, 2011).

4. Face identity and emotion processing in ASD

Behaviorally, individuals with ASD often, but not always, demonstrate deficits in identity 

(for a review see, Weigelt et al., 2012) and expression processing (for reviews see, Harms et 

al., 2010; Uljarevic & Hamilton, 2012) such as reduced accuracy and longer reaction times 

compared with TD individuals. Additionally, individuals with ASD often have more 

difficulties in face perception tasks when emotional expressions are involved, compared 

with tasks involving only neutral expressions (Braverman et al., 1989; Celani et al., 1999; 

Teunisse & de Gelder, 2001; however see: Ozonoff et al., 1990).

One proposed neural mechanism for behavioral deficits in face perception in ASD is that 

early visual deficits lead to downstream difficulties involving higher order processing of 

changeable and unchangeable aspects of face perception. Individuals with ASD are often 

superior in local visual search tasks where an item is identified when surrounded by similar 

distracters (e.g., identifying the letter u among o), but are impaired at global visual tasks 

such as motion identification (e.g., identifying the circular motion of random dots) compared 

with TD individuals (for reviews see, Dakin & Frith, 2005; Mottron et al., 2006; Simmons et 

al., 2009). Global and motion processing impairments are cited as evidence for the “weak 

central coherence” theory of ASD (Happe & Frith, 2006), leading to the idea that low-level 

motion deficits contribute to higher order face perception impairments. TD individuals often 

rely on ‘holistic’ processing where face features (eyes, nose, mouth) are perceived as a 

‘whole’ (Tanaka & Farah, 1993), while expression and gaze processing rely on biological 

motion mechanisms due to their dynamic real world representation (Haxby et al., 2000). 

Thus, low-level global processing deficits in ASD may hinder higher order ‘holistic’ face 

perception, while low-level motion processing deficits may hinder higher order gaze and 

expression biological motion processing (Berhmann et al., 2006). Face perception studies 

have found both disruption (Bird et al., 2006; Kleinhans et al., 2011; Zürcher et al., 2013) 

and preservation (Coutanche et al., 2011; Jiang et al., 2013; Pelphrey et al., 2007; von dem 

Hagen et al., 2014) of early visual processing stream cortical areas in individuals with ASD. 

These studies are reviewed in more detail below.

In one of the few studies to focus on the subcortical face pathway in ASD, Kleinhans et al. 

(2011) presented adult ASD and NT groups with fearful faces for 23ms (masked by 

scrambled images) while participants identified randomly placed intermittent fixation 

crosses. Although the presentation time was in accord with previously used subliminal 

processing tasks, most participants in both groups reported being able to see the facial 

expressions, making this a supraliminal task. Group comparisons showed hypoactivation of 

the left amygdala, bilateral FG and superior colliculi, and the right pulvinar in individuals 
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with ASD. This suggests that the subcortical face processing system may be disrupted in 

ASD (Table 1).

5. Fusiform Gyrus, Superior Temporal Sulcus, and the Amygdala in ASD: 

Neutral Faces

The FG (Dawson et al., 2005), STS (Zilbovicius et al., 2006, 2013), and amygdala (Baren-

Cohen et al., 2000) have been implicated in the aberrant neuropathology of ASD. The 

studies reviewed here examined the function of these areas within the context of the cortical 

face pathway described above (Schultz, 2005). These studies examined the perception of 

neutral expressions within the context of face discrimination (e.g., discriminating faces from 

other objects) and identity recognition (eg. discriminating a specific face from other faces) 

using passive and active viewing paradigms. It is important to note that FG activation in the 

context of face perception paradigms has generally been identified belonging to the 

‘fusiform face area’ (FFA; Kanwisher et al., 1997). However, recent research has shown that 

there are up to three distinct clusters of face and object selective regions located within the 

traditionally defined FFA (Weiner & Grill-Spector, 2010; Cukur et al., 2013). Thus, we will 

use the more general term ‘F’ rather than the more specific ‘FFA’ terminology due to the 

ambiguity in precisely identifying the FFA within the brain.

In passive viewing paradigms, participants are instructed to view unfamiliar neutral faces 

and control stimuli such as scrambled faces (Hadjikhani et al., 2004, 2007), or objects and 

open fields (Humphreys et al., 2008; Scherf et al., 2010). These studies have found hypo-

activation of the occipital face area (OFA; Humphreys et al., 2008; Scherf et al., 2010), FG 

(Humphreys et al., 2008; Scherf et al., 2010), amygdala (Hadjikhani et al., 2007), inferior 

frontal cortex (Hadjikhani et al., 2007), and STS (Hadjikhani et al., 2007; Humphreys et al., 

2008; Scherf et al., 2010) for faces compared to control stimuli in individuals with ASD. 

Two of these studies found no differences in FG and IOG activation between ASD and TD 

groups (Hadjikhani et al., 2004, 2007).

In active viewing paradigms, participants are presented with unfamiliar neutral faces and 

control stimuli such as objects (Kleinhans et al., 2009; Schultz et al., 2000) and shapes 

(Bookheimer et al., 2008; Pierce et al., 2001) and are asked to judge if image pairs are 

identical/different (Schultz et al., 2000), identify female faces and circles (Pierce et al., 

2001), match upright and inverted stimuli to one of two images presented below the target 

(Bookheimer et al., 2008), identify repeated stimuli (Kleinhans et al., 2009), or identify 

previously presented stimuli (Koshino et al., 2008). These studies generally show similar 

performance accuracy between ASD and TD groups (Kleinhans et al., 2009; Koshino et al., 

2008; Pierce et al., 2001; Schultz et al., 2000) with one study finding 75% of participants 

with ASD matching TD accuracy (Bookheimer et al., 2008), one study finding slower 

reaction times in ASD (Kleinhans et al., 2009), and one study finding faster inverted stimuli 

matching in ASD (Bookheimer et al., 2008).

Overall, these studies generally demonstrate that individuals with ASD show no reaction 

time or accuracy differences in face perception tasks involving neutral expressions. 

However, despite similarities in behavioral performance, individuals with ASD exhibit 
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significantly different brain activation patterns and patterns of functional connectivity 

compared with NT individuals. Overall, there is evidence for atypical patterns of brain 

activity in the form of hypoactivation of the FG (Humphreys et al., 2008; Pierce & Redcay, 

2008; Scherf et al., 2010; Schultz et al., 2000), STS (Hadjikhani et al., 2007; Humphreys et 

al., 2004; Scherf et al., 2010; Pierce et al., 2001), amygdala (Domes et al., 2013; Hadjikhani 

et al., 2007; Pierce et al., 2001), and the occipital lobes (Humphreys et al., 2004;, Pierce et 

al., 2001; Scherf et al., 2010), alongside hypoconnectivity of the FG (Koshino et al., 2008) 

in individuals with ASD. Notably, most of these brain regions from the core face perception 

network, and tend to demonstrate general decreases in BOLD response in individuals with 

ASD. In addition, individuals with ASD also demonstrated hypoactivation of the IFG 

(Bookheimer et al., 2008; Hadjikhani et al., 2007; Koshini et al., 2008), ITG (Schultz et al., 

2000) and hypoconnectivity of the IFG and MFG (Koshino et al., 2008), areas that are part 

of the extended face perception network. These results demonstrate that atypical brain 

activation during face perception is not restricted to the core face perception pathway, but 

also extends to other cortical areas related to executive functions such as attentional control 

and inhibition. Taken together, these findings suggest that atypical face perception in ASD is 

mediated by other factors in addition to pure visual perception.

Additionally, two studies demonstrated that individuals with ASD show activity in brain 

areas typically related to the object perception pathway in TD individuals (Koshino et al, 

Scherf et al., 2010), suggesting that individuals with ASD may be compensating for a lack 

of functionality in the core and extended face perception pathways by recruiting regions 

comprising more general object perception networks. This may explain the findings that 

although individuals with ASD show atypical brain responses to neutral faces, they are still 

able to perform reasonably well on the behavioral tasks, perhaps by adopting compensatory 

strategies.

Two studies utilized familiar stimuli that included family members and Digimon characters. 

Pierce and Redcay (2008) showed that children with ASD performed equally to TD children 

when identifying familiar faces and objects, but were slower and less accurate when 

identifying unfamiliar female faces. Additionally, both groups had comparable FG 

activation for familiar people such as their mother, while the ASD group showed FG 

hypoactivation for strangers. Grelotti and colleagues (2005) examined an 11-year-old child 

with ASD (DD) who was an expert in identifying Digimon cartoon characters, a 17-year-old 

adolescent with ASD (CC) unfamiliar with Digimon characters, and a 10 year old TD child 

(TDC) who was an expert in identifying Pokemon cartoon characters and occasionally 

watched Digimon. DD was faster at identifying Digimon than faces and objects, while TDC 

was equally fast for faces and Pokeman but slower for objects and Digimon. An fMRI task 

where the participants made same/different judgments for image pairs consisting of 

unfamiliar faces, objects, and cartoon characters was then administered. DD exhibited 

greater right FG and bilateral amygdala activation for Digimon characters than unfamiliar 

faces and objects compared with TDC and CC. Both of these studies demonstrate that 

familiarity of experimental stimuli and motivational factors can influence behavior and brain 

activity in ASD.

Nomi and Uddin Page 6

Neuropsychologia. Author manuscript; available in PMC 2016 May 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



These two studies utilized stimuli with more intrinsic importance to individuals with ASD, 

such as images of mothers (Pierce & Redcay, 2008) or Digimon characters (Grelotti et al., 

2005), and showed similar activation of the FG and amygdala to that seen in NT individuals. 

This suggests that the subjective importance of the stimuli may contribute to the atypical 

engagement of the FG and amygdala observed in individuals with ASD. Thus, disinterest or 

lack of motivation to engage with unfamiliar stimuli may contribute to the hypo-activation 

patterns often observed in fMRI studies. Further, this disinterest does not seem to be driven 

by exogenously directed attention, as atypical brain activation in ASD is found in both 

passive (Hadjikhani et al., 2004; Hadjikhani et al., 2007; Humphreys et al, 2008; Scherf et 

al., 2010; Schultz et al., 2000) and directed (Bookheimer et al., 2008; Grelotti et al., 2005; 

Kleinhans et al, 2009; Koshino et al., 2008; Pierce et al., 2001; Pierce & Redcay, 2008) 

viewing of neutral faces. This would also suggest that an endogenous lack of attention to 

faces is driving atypical brain responses in ASD when perceiving neutral faces. 

Additionally, the lack of an endogenous drive or motivation to attend to unfamiliar faces in 

ASD does not seem to be affected by developmental stage - both children and adults show a 

lack of typical brain activation patterns to unfamiliar faces, suggesting that the absence of 

such a mechanism may be a core feature of the disorder rather than being due to an 

immature face perception network.

Of interest, Domes et al. (2013) demonstrated that FG activity in individuals with ASD was 

increased when oxytocin was administered, further suggesting that the lack of interest in 

unfamiliar faces may be linked to neurotransmitter deficits. Oxytocin has been shown to 

increase positive social behavior and interaction in humans (Kemp & Guastella, 2011) and 

macaques (Simpson et al., 2014), providing for an intrinsic reward mechanism as a 

motivator for social interaction. The fact that oxytocin normalizes brain activity in ASD 

during face perception suggests that social disinterest may be related to an absence of 

intrinsic reward mechanisms that may contribute to atypical brain responses to faces in 

ASD.

6. Fusiform Gyrus, Superior Temporal Sulcus, and the Amygdala in ASD: 

Emotional Expressions

Emotional expression perception investigations in NT individuals have implicated the 

amygdala (Adolphs, 2008; Wang et al., 2014; Whalen et al., 2013) and STS (Hoffman & 

Haxby, 2000; Puce et al., 1998; Wicker et al., 1998) as important subcortical and cortical 

areas responsive to emotional expressions. These brain regions are thought to be important 

for changeable aspects of faces that include emotional expressions (reviewed here) and gaze 

information (reviewed in Section 7).

The use of expressions is somewhat varied throughout the literature, with studies using 

various combinations of angry, happy, fear, neutral, and sad expressions (See Table 2 for 

specific experiment information). The studies reviewed in this section have generally used 

active viewing paradigms that involve imitating expressions (Dapretto et al., 2006), gender 

judgments (Critchley et al., 2000; Deeley et al., 2011; Hubl et al., 2003; Weng et al., 2011), 

judging if images match (Bird et a., 2006; Corbett et al., 2009; Kleinhans et al., 2010), 

judging if images match linguistic labels (Piggot et al., 2004; Wang et al., 2004), expression 
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identification (Critchley et al., 2000; Hubl et al., 2003; Malisza et al., 2011), or simply 

pressing a button in response to images (Ashwin et al., 2007; Pelphrey et al., 2007).

These studies collectively demonstrate that individuals with ASD have more difficulty than 

NT individuals when completing behavioral tasks involving emotional expressions. A few 

studies showed non-significant differences in behavioral performance between individuals 

with ASD and TD individuals (Bird et al., 2006; Dapretto et al., 2006; Deeley et al., 2011; 

Kleinhans et al., 2010; Weng et al., 2011; Wicker et al., 2008 -reviewed below). Several 

studies found that ASD groups showed deficits in identifying (Ashwin et al., 2007; Critchley 

et al., 2000; Hubl et al., 2003; Malisza et al., 2011) or matching expressions (Piggot et al., 

2004; Wang et al., 2004) while some studies found slight or no between group differences 

when matching an expression to a word label (Piggot et al., 2004; Wang et al., 2004) or 

when making gender or identity judgments involving images with expressions (Critchley et 

al., 2000; Hubl et al., 2003). One study found that individuals with ASD performed worse 

than TD individuals when matching identities of images with expressions (Corbett et al., 

2009). The findings in this section and the previous section on perception of neutral faces 

are in accord with previous behavioral research showing poorer performance for face 

perception tasks involving emotional expressions compared to tasks involving neutral 

expressions in individuals with ASD (Braverman et al., 1989; Celani et al., 1999; Teunisse 

& de Gelder, 2001; however see: Ozonoff et al., 1990).

These results of these studies also show that brain activation patterns in ASD vary according 

to the task demands and processing required. When matching emotional expression images, 

individuals with ASD showed hypo-activation of the FG (Piggot et al., 2004; Wang et al., 

2004) and amygdala (Corbett et al., 2009) but no group differences when matching 

expressions with word labels (Piggot et al., 2004; Wang et al., 2004) or matching objects 

(Wang et al., 2004). When identifying or viewing emotional expressions, individuals with 

ASD showed hypo-activity of the FG (Critchley et al., 2000; Deeley et al., 2011; Hubl et al., 

2003; Malisza et al., 2010; Pelphrey et al., 2007), STS (Ashwin et al., 2007; Malisza et al., 

2010; Pelphrey et al., 2007) and OG (Deeley et al., 2011; Malisza et al., 2010). When 

matching expression images based on identity, individuals with ASD exhibited hypo-

activation of the FG (Corbett et al., 2009). When identifying the gender of faces displaying 

emotional expressions, individuals with ASD showed FG hypo-activation (Critchley et al., 

2000; Hubl et al., 2003) along with STS (Critchley et al., 2000) and amygdala (Weng et al., 

2011) hyper-activation. No between-group differences in activation of the FG (Bird et al., 

2006; Kleinhans et al., 2010) or amygdala (Domes et al., 2014; Kleinhans et al., 2010) were 

found when passively viewing expressions or imitating expressions (Dapretto et al., 2006) 

(Table 2).

The finding that task demands influence brain responses in ASD during viewing emotional 

expressions is in contrast to the general finding that task demands do not appear to influence 

brain responses during viewing neutral faces. When individuals with ASD are given explicit 

instructions to evaluate stimuli in the form of faces with emotional expressions, they exhibit 

atypical brain responses, whereas passive viewing of emotional expressions produces no 

brain activation differences compared with NT individuals. The data also show that it is the 

act of directing attention to the face itself, rather than the emotional expression per se, that 
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disrupts brain activity in ASD, as atypical brain activation was found when focusing on 

gender and identity as well as the emotional expression. This suggests that “forcing” the 

processing of invariant face features (gender and identity) also activates the mechanisms 

related to variant face features (expression) in ASD. One possibility is that whereas NT 

individuals are able to seamlessly integrate the explicit use of invariant face perception 

mechanisms with implicit activation of variant face perception mechanisms, individual Is 

with ASD have interference from the implicit activation of variant face perception 

mechanisms when attempting explicit use of their invariant face perception mechanisms. 

This interference does not seem to be affected by development as children, adolescents, and 

adults with ASD all present with the same general pattern of findings.

On a network level, individuals with ASD generally showed hypo-activity in the FG 

(Corbett et al., 2009; Critchley et al., 2000; Deeley et al., 2011; Malisza et al., 2011; 

Pelphrey et al., 2007; Piggot et al., 2004; Wang et al., 2004) that has been tied to invariant 

aspects of face perception while showing hyper-activity in other areas such as the STS 

(Ashwin et al., 2007; Critchley et al., 2000) and the amygdala (Weng et al., 2011) that are 

related to variant aspects of face perception. Hyper-activity in frontal (Ashwin et al., 2007; 

Hubl et al., 2003; Weng et al., 2011), and parietal (Dapretto et al., 2006) areas related to the 

extended face perception network has also been reported. Additionally, the areas that 

demonstrate hyper-activity also demonstrate hypo-activity in some studies, while no studies 

demonstrate hyper-activity of the FG in ASD. This finding combined with the finding of 

general hypo-activation of the FG for neutral faces also implicates FG hypo-activity as a 

common pattern in ASD with regards to both neutral and emotional expressions, and 

suggests a general deficit in this node of the network related to invariant perception of face 

features regardless of task demands. The finding of hypo/hyper-activity in tasks where 

attention was directed to faces displaying emotional expressions suggest that directing 

attention to faces regardless of the expression and task type disrupts mechanisms in ASD 

related to processing of variant aspects of faces.

There was no identifiable pattern of responses across individuals with ASD during tasks 

where attention was explicitly directed. Hypo- and hyper-activation was found in both 

expression and gender identification tasks in ASD within different cortical areas. The reason 

for these differences is unclear. One possibility is that there was a wide variation in the types 

of emotional expressions that were presented, with some studies presenting only one type of 

expression and other studies presenting several different types of expression. Along these 

lines, the specific expression and perception of the expression's intensity may have also been 

contributing factors. Weng et al. (2011) found that hyper-activity of the amygdala, VMPFC, 

and the striatum in ASD was greatest in response to sad faces. Ashwin et al. (2007) found 

hyper-activation of the left amygdala and orbito-frontal cortex in response to high intensity 

versus low intensity fearful expressions in NT individuals, with no differences between high 

and low intensity fearful expressions in the ASD group. Finally, Deeley et al., 2011 found 

that positive and negative expressions varying in intensity modulated cortical activity in 

individuals with ASD. Taken together, these findings suggest that valence and arousal both 

contribute to brain activation differences observed between ASD and TD individuals.
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Another possible explanation for the variation in brain activation is that individual 

differences in emotional expression perception in ASD are more heterogeneous than 

individual differences in perceiving neutral expressions in ASD. Along these lines, Bolte et 

al. (2006) showed that emotional expression perception can improve in ASD if individuals 

view expressions and receive feedback, and that this improvement correlates with increased 

activity in the extended face perception network in areas related to visual and attentional 

processing, rather than the core face perception network. Thus, differences in attention 

and/or experience with processing emotional expressions may have been driving some of the 

differences in brain responses across studies.

Just as with the improvement in perception of neutral faces, Domes et al. (2014) showed that 

oxytocin increased expression identification in the ASD group while also increasing brain 

activity in both the core and extended face perception network. This would further suggest 

that hormones such as oxytocin modulate the response to faces in ASD and that there are 

physiological factors that influence the ability to perceive faces that are not solely related to 

neuronal activation. However, it is currently unknown if long-term oxytocin administration 

is a viable treatment for deficits in face perception in ASD.

7. Gaze Processing in ASD

Eye gaze direction is an important social cue that often signals another person's attention is 

directed towards someone or something (for reviews see: Itier & Batty, 2009; Pfeiffer et al., 

2013). For example, gazing in the direction of an object may signify one's intention to grasp 

or reach for that object. TD infants show sensitivity to direct vs. averted eye gaze direction 

before the age of one (Corkum & Moore, 1998; Hood et al., 1998), demonstrating early 

sensitivity to changes in another's attention. Although TD gaze processing was originally 

categorized alongside expression perception under the more general term ‘biological 

motion’ (Haxby et al., 2000), recent research has focused exclusively on cortical 

mechanisms of gaze direction centering around the STS (Itier & Batty, 2009; Nummenmaa 

& Calder, 2009; Pelphrey et al., 2003) and its connections to the FG, MT/V5, and the middle 

frontal gyrus (MFG; Nummenmaa et al., 2009b).

Studies investigating gaze processing in ASD have used both passive and active paradigms. 

Passive viewing paradigms have consisted of participants viewing faces displaying 

emotional expressions (angry, fearful, happy, neutral) with direct and averted gaze (Davies 

et al., 2011) and watching an animated video of a man appearing to walk past participants 

with a direct or averted gaze (Pitskel et al., 2011). Active viewing paradigms have consisted 

of having participants perform likeability ratings (Georgescu et a., 2013) or gender 

judgments (von dem Hagen et al., 2014) of animated videos consisting of faces displaying 

neutral expressions that shift between direct and averted gaze directions.

The active viewing studies show similar behavioral performance patterns in ASD and NT 

groups for gaze direction tasks (Wicker et al., 2008 - reviewed below; von dem Hagen et al., 

2014) with ASD groups giving lower likeability ratings than TD groups for longer direct 

gazes and with both groups giving lower likeability ratings to averted gaze compared to 

direct gaze (Georgescu et al., 2013). Eye-gaze tracking in two studies demonstrated no 
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group differences in gaze fixation or duration (Georgescu et al., 2013; von dem Hagen et al., 

2014).

The overall pattern of activation suggests that individuals with ASD show no differences in 

processing invariant aspects of faces with gaze direction differences as evidenced by the 

lack of group differences in FG activation (see Table 3). The most apparent differences were 

from the fMRI data showing that ASD groups tend to produce greater activation for averted 

compared to direct gaze, with the opposite pattern in TD individuals. Direct compared to 

averted gaze in TD individuals was related to cross-study activity in the right insula 

(Georgescu et al., 2013; Pitskel et al., 2011), TPJ (Georgescu et al., 2013; von dem Hagen et 

al., 2014), IFG (Pitskel et al., 2011), and the superior temporal cortex (Georgescu et al., 

2013; von dem Hagen et al., 2014). These areas are linked to the mirror system and 

mentalizing network (Molnar-Szakacs & Uddin, 2013) and suggests atypical gaze 

processing could also be related to difficulties in mentalizing that are often observed in the 

disorder (e.g., Baron-Cohen, 2001).

The insula has recently been implicated in salience detection and is thought to direct 

attention to important exogenous and endogenous stimuli (Seeley, 2007; Uddin, 2014). The 

fact that individuals with ASD show reduced insula activation (Georgescu et al., 2013; 

Pitskel et al., 2011) to direct gaze further suggests that they may not process direct eye gaze 

as an important salient visual cue. Accordingly, Gerogescu et al. (2013) found that longer 

gaze duration for TD individuals was related to activity in the mOFC, left insula, and dACC 

with no influence of gaze duration in individuals with ASD.

Of note, none of these studies investigated young children, so it is unknown how differences 

across development influence brain activation in ASD in response to gaze detection. Future 

studies will need to consider the role of development in gaze detection in ASD.

8. Gaze Cueing in ASD

In addition to the research reviewed in Section 7 examining how eye gaze direction 

influences brain activity in ASD, a related area of research focuses on how eye gaze 

direction facilitates or inhibits the identification of lateralized targets placed in congruence 

or incongruence with gaze direction. Studies in NT adults show that the facilitation of target 

identification that is congruent or incongruent with eye gaze direction activates the STS, 

DMPFC, and ACC (Mundy, 2003; Pfeiffer et al., 2013).

TD infants younger than one show gaze cueing facilitation by having faster saccades 

towards targets congruent opposed to targets incongruent with gaze direction (Farroni et al., 

2000). This skill appears in ASD later from 2-5 years of physical age (Leekam et al., 2000; 

Mundy, 2003) and 48 months of mental age (Leekam et al., 1998). One popular explanation 

is ASD impacts the ability to draw mental inferences from gaze direction, rather than simple 

location detection (Baron-Cohen et al., 1995; for other explanations see Gillespie-Lynch et 

al., 2013). The results of behavioral gaze cueing studies in older children and adults have 

been mixed; some studies found no differences between ASD and TD (Chawarska et al., 

2003; Kylliainen & Hietanen, 2004; Senju et al., 2004;) while other studies have found 
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significant group differences (Goldberg et al., 2008; Ristic et al., 2005; Vlamings et al., 

2005).

Paradigms investigating gaze-cueing in ASD typically focus on facilitation and interference 

effects using some combination of gaze direction of neutral faces (Dichter & Beiger, 2007; 

Hanson et al., 2013; Vaidya et al., 2011), line drawings of faces (Greene et al., 2011), 

directional arrows (Dichter & Beiger, 2007; Greene et al., 2011; Vaidya et al., 2011), or 

directional words (e.g., left or right; Vaidya et al., 2011) as cues in conjunction with targets 

placed on either side of those cues. One study used an animated character that directed gaze 

towards a checkerboard or an empty space on the side (Pelphrey et al., 2005). Facilitation 

effects occur when participants are faster to identify a target placed in congruence with the 

cue while interference effects occur when participants are slower to identify targets placed 

incongruently with the cue.

Taken together, the behavioral data show similar arrow and face facilitation (Greene et al., 

2011; Murphey et al., 2012 - reviewed below; Vaidya et al., 2011) and arrow and face 

interference (Dichter & Beiger, 2007; Murphey et al., 2012; Vaidya et al., 2011) effects 

between ASD and TD, with Pelphrey et al. (2005) finding no group differences in accuracy 

or reaction time in response to gaze cueing a checkerboard or blank space. These behavioral 

results show largely similar ASD and TD group performance for gaze cueing facilitation and 

interference effects.

The fMRI results show that the inferior frontal cortex and the STS are important areas 

differentiating ASD and TD groups during gaze and arrow cueing (Table 4). The most 

obvious difference was related to general activation of these areas for faces in TD and 

general activation of these areas for arrows in ASD (Dichter & Beiger, 2007; Hanson et al., 

2013; Pelphrey et al., 2005; Vaidya et al., 2011). This combined with the finding of 

generally similar behavioral performance suggests that although both groups are able to 

acquire directional information from eye gaze, there was more social relevance of gaze 

cueing in TD individuals. Accordingly, both groups showed cingulate cortex activation in 

response to gaze and arrow cueing (Dichter & Beiger, 2007; Hanson et al., 2003; Vaidya et 

al., 2011). The implication of the cingulate cortex in error monitoring for TD individuals 

(Carter et al., 1998) also suggests that individuals with ASD were sensitive to correct and 

incorrect directional information, but not to the social relevance of such information 

provided by eye gaze.

Finally, there were no differences across development, with both younger (Vaidya et al., 

2011; Greene et al., 2011) and older groups (Dichter & Beiger, 2007; Pelphrey et al., 2005) 

showing similar behavioral and brain activation patterns across gaze cueing paradigms. This 

suggests that although both younger and older individuals with ASD can detect directional 

information from gaze and arrow cueing paradigms, both groups fail to appreciate the social 

significance of gaze cueing.

9. Face Perception and Eye Fixation in ASD

One explanation for the mixed hypo- and hyper-activation findings in the face literature 

focuses on ASD eye tracking patterns when perceiving faces (Hadjikhani, 2007; Tottenham 
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et al., 2014; for other explanations such as methodological differences, see: Jemel et al., 

2006). The amygdala is highly responsive to the eye region of faces displaying emotional 

expressions (Gamer & Buchel, 2009). Individuals with ASD show atypical eye tracking 

patterns when perceiving faces, with an obvious lack of eye fixation (Pelphrey et al., 2002). 

These two findings produced the proposal that fixation on the eye or mouth area could 

modulate amygdala activation in ASD (Kliemann et al., 2012; Perlman et al., 2011).

Two accounts of amygdala dysfunction underlying eye-gaze fixation in ASD that are related 

but not mutually exclusive have been the focus of fMRI research manipulating upper or 

lower face-feature fixation (Birmingham et al., 2011; Spezio et al., 2007; Tottenham et al., 

2014; for more accounts see: Senju & Johnson, 2009; Neumann et al., 2006). One account 

proposes that ASD is characterized by active eye-area avoidance (Richer & Cross, 1976; 

Kylliainen & Hietanen, 2006) while another account proposes an indifference to the eye area 

from a lack of social interest (Birmingham et al., 2011). In the active avoidance theory, 

increased amygdala responses to eye-fixation would cause eye area avoidance, possibly due 

to amygdala activation signaling a threat. According to the indifference account, decreased 

amygdala response could be due to a lack of social reward mechanisms in ASD.

Paradigms exploring eye-fixation in ASD have utilized neutral (Zürcher et al., 2013) and 

emotional expressions (Dalton et al., 2005; Kliemann et al., 2012; Perlman et al., 2011; 

Tottenham et al., 2013) in tasks involving expression identification (Dalton et al., 2005; 

Kliemann et al., 2012), identity judgments of familiar family members (Dalton et al., 2005), 

identifying color changes of a fixation cross moving around the screen (Perlman et al., 

2011), matching upright and inverted pairs of ‘Thacherized’ face stimuli (Zürcher et al., 

2013), or identifying an object placed in the eye region of face stimuli (Tottenham et al., 

2013). For example, Perlman et al. (2011) used a moving fixation cross to force eye-fixation 

over various regions of the face, Kliemann et al. (2012) moved the presentation of the face 

so that either the eye or mouth region randomly replaced the fixation cross on each trial, 

Zürcher et al. (2013) randomly inverted the eye or mouth region while telling participants 

where to focus on each trial, and Tottenham et al. (2013) randomly placed an opaque object 

in the left or right eye across trials.

Taken together, these eye-fixation investigations show that behavioral performance in ASD 

is generally impaired and task-dependent, much like the emotion expression studies 

reviewed above. Dalton et al. (2005) showed that although the ASD group was slower and 

less accurate for straightforward and forty-five degree angle expression identification, there 

were no differences for neutral expressions at either angle. The ASD group was also less 

accurate at identifying familiar family members, with no reaction time differences. Perlman 

et al. (2011) showed no group differences in the ability to identify two color changes of the 

moving fixation cross. Kliemann et al. (2012) found that the ASD group was marginally 

slower than NTs overall and also identified fewer expressions; however, both groups were 

fastest for happy expressions. Zürcher et al. (2013) found that the NT group was more 

accurate overall, while both groups made more inverted face errors; the NT group made 

more inverted mouth errors and the ASD group made fewer upright eye errors. The ASD 

group was also faster for inverted faces. Finally, Tottenham et al. (2013) found that both 

groups labeled angry expressions correctly in a behavioral task outside the scanner, with 
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higher threat ratings than neutral and happy expressions; additionally, the ASD group was 

more likely to label neutral expressions as negative. Additionally, the three studies that 

acquired eye-tracking data during portions of the experiment all showed that individuals 

with ASD spent less time fixating on the eye region of the faces compared to TD individuals 

(Dalton et al., 2005; Kliemann et al., 2012; Tottenham et al., 2013).

The fMRI data demonstrate that forcing eye-region fixation in individuals with ASD tends 

to increase FG (Dalton et al., 2005; Perlman et al., 2011; Zürcher et al., 2013) and amygdala 

(Dalton et al., 2005; Kleinmann et al., 2012; Tottenham et al., 2013) activity, suggesting that 

face feature fixation manipulation can modulate and even normalize face sensitive cortical 

activity (Table 5). Although forced eye-fixation increases FG and amygdala activation in 

ASD, it is unclear if this provides support for either the active-avoidance or eye-area 

indifference theory. If the active-avoidance theory were correct, one would expect that 

hyper-activation of the amygdala would be necessary in order to signal a threat, not 

comparable to activation observed in NT individuals. On the other hand, if eye-area 

indifference were the reason for a lack of eye-fixation, one would expect a lack of amygdala 

activation no matter where an individual with ASD is forced to look. It could be that there is 

an unidentified mediator that modulates the relationship between amygdala activity and eye-

indifference.

10. Functional Connectivity of the Face Network

Functional connectivity analysis identifies temporal BOLD signal correlations between areas 

that signify correlated activity patterns (Friston 1994). Task-related functional connectivity 

analysis focuses on task specific correlations, while resting-state functional connectivity 

analysis focuses on task-free correlations, i.e., when the brain is at “rest” (Biswal, 1995). 

Effective connectivity analysis identifies the direction of influence between brain areas 

(Büchel & Friston, 2000). Resting-state connectivity between face sensitive cortical areas 

such as the OFA, FG, STS, and amygdala is positively correlated with performance on face 

perception tasks (O'Neil et al., 2014; Zhang et al., 2009; Zhu et al., 2011) in NT individuals. 

Functional task-related correlations have also been found between face sensitive cortical 

areas (Miyahara et al., 2013) in the NT brain. There is a growing literature on brain 

connectivity in autism, pointing to patterns of both hyper- and hypo-connectivity during task 

and resting states (see Uddin et al., 2013; Kana & Just, 2011; Muller et al., 2011; Vissers et 

al., 2011; Hernandez et al., 2014 for review). Here we focus specifically on research 

describing functional and effective connectivity within networks relevant for face processing 

(Table 5).

The few paradigms investigating functional connectivity in ASD have utilized face-

processing tasks where participants make expression and age judgments of dynamically 

changing expressions (Wicker et al., 2008) and identify repeated presentations of neutral 

faces and houses (Kleinhans et al., 2008) resulting in no group performance differences. One 

study utilized a gaze-cueing paradigm similar to the studies reviewed in the gaze-cueing 

section above that also found no group differences in behavioral performance (Murphy et 

al., 2012).
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The fMRI results show that individuals with ASD can exhibit task-based hypo-activity 

alongside hypo-connectivity (Wicker et al., 2008), equal task-based intensity for ASD and 

TD in the FG alongside ASD hypo-connectivity (Kleinhans et al., 2008), and both hypo- and 

hyper-connectivity in gaze cueing paradigms (Murphy et al., 2012). More specifically, some 

studies found hypo-connectivity involving the FG (Kleinhans et al., 2008; Koshinio et al., 

2008 - reviewed above; Wicker et al., 2008), STS (Wicker et al., 2008), and amygdala 

(Kleinhans et al., 2008) while other studies found hyper-connectivity involving the FG 

(Wicker et al., 2008) and amygdala (Murphy et al., 2012).

All three studies found hypo- and hyper-connectivity between areas within the core face 

perception network and also between the core and extended face perception networks, 

showing atypical communication between and within the face perception networks in ASD. 

This would suggest that individuals with ASD have difficulties not only with the initial 

perception of facial features, but that there is aberrant communication between the extended 

face perception network and the core network that may lead to atypical evaluation or 

mediation of the automatic reaction to initial face perception. While few functional 

connectivity studies currently exist, these findings also suggest that impaired interactions 

between brain regions can persist even in the presence of typical levels of signal intensity 

(Kleinhans et al., 2008).

11. Tying it together: Face Processing and Social Brain Networks in ASD

A general explanation accounting for the wide range of behavioral and neural differences 

between ASD and TD groups across various face perception tasks proposes atypical 

processing for social stimuli in ASD generally. Processing of social stimuli has been 

categorized into two main areas: ‘social cognition’ involves such processes as mentalizing 

(e.g., theory of mind, TOM: inferring another's internal state; Tager-Flusberg, 2007) while 

‘social motivation’ involves processes such as orienting (directing attention towards socially 

relevant stimuli), motivation (pursuing and enjoying socially relevant stimuli) and 

maintaining/enjoyment (working to keep social bonds strong because of intrinsic enjoyment 

of social interaction; see Chevallier et al., 2012 for a contrast/integration of social cognition 

and social motivation in ASD).

Both social cognition and social motivation have relevance for the face perception literature 

in ASD. Deficits in social cognition related to TOM processing have been linked to atypical 

eye gaze processing (Baron-Cohen, 2001; Baron-Cohen et al., 1995; Baron-Cohen et al., 

1999; Baron-Cohen et al., 2000, Mundy, 2003) and failure to grasp what causes another's 

emotional expression (Baron-Cohen, 1991). Deficits in social orienting are implicated in 

drawing attention to the face (Bal et al., 2010; Chevallier et al., 2012; Dawson et al., 2002; 

Kirchner et al., 2011; Klin et al., 2002; Nakano et al., 2010) while deficits in social 

motivation are implicated in the lack of sustained attention to relevant facial social cues such 

as expression (Dawson et al., 2005; Kleinhans et al, 2010; Nuske et al., 2013).

The ‘social network’ was first postulated from animal studies and included the amygdala, 

STS, and orbitofrontal cortex (Brothers, 1990) and was later extended to include human 

systems sub-serving reward mechanisms (ventral striatum: Adolphs, 2003), mentalizing 
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MPFC, TPJ; (Gallagher et al., 2000; Frith & Frith, 2003; Kennedy & Adolphs, 2012; Van 

Overwalle & Baetens, 2009), and the mirror system (IFG, superior temporal cortex, and 

insula; Carr et al., 2003; Frith, 2007; Iacoboni & Dapretto, 2006). The amygdala is 

implicated in social orienting, where faces automatically capture attention by pulling 

attention to the eye area (Adolphs & Spezio, 2006) while the STS is implicated in perceiving 

the biological movement of gaze and expression changes (Haxby et al., 2000). The ventral 

striatum is implicated in social maintaining via the intrinsic reward that accompanies social 

interaction in TD individuals (Haber & Knutson, 2010) while the orbitofrontal cortex is 

implicated in connecting subjective value of external stimuli with internal states such as 

motivation (Padoa-Schioppa & Cai, 2011; Klein et al., 2009) that in turn guide behavior 

(Chevallier et al., 2012).

Mentalizing and mirror systems are thought to make important contributions to 

understanding the emotional state of another person and imitating expressions (Carr et al., 

2006; Schulte-Ruther et al., 2007). Emotional contagion is thought to be a first step in 

mentalizing, whereby emotional expression perception initiates the spontaneous replication 

of that expression allowing for automatic replication of the same expression and emotional 

state of another (Frith, 2007). Imitation is thought to rely on action-perception encoding via 

the mirror neuron system where actions are encoded in the superior temporal and inferior 

frontal cortex via the insular cortex (Carr et al., 2006). Empathizing with the expression of 

another builds on spontaneous imitation whereby one contrasts internally represented 

imitated states with the perceived emotional state of another while keeping a separation of 

the self from the other person; this allows for an overall assessment of imitated and 

perceived emotional states (Decety & Lamm, 2006; Preston & de Waal, 2002). Empathizing 

with other individuals is mediated by activation in the insula (de Greek et al., 2012; Menon 

& Uddin, 2010), IFG (Chakrabarti et al., 2006; Liakakis et al., 2011), STG (Nomi et al., 

2008), ACC (Lavin et al., 2013), and the MPFC (Frith, 2007).

Connectivity of the cortical areas that comprise the extended social network has been found 

to be dysfunctional in individuals with ASD (Iacoboni & Dapretto, 2006; Gotts, 2012), 

which in turn is thought to contribute to deficits in social behavior (Bachevalier & Loveland, 

2006). Many areas implicated in the extended social network such as the ACC, IFG, MPFC, 

STG, and the insula have shown atypical activation throughout the studies reviewed in this 

paper (Figure 1), suggesting wider social cognition dysfunction that goes beyond face 

perception deficits in ASD. Recent meta-analyses investigating social dysfunction in ASD 

have implicated atypical activation patterns related to a broad range of social tasks. For 

example, Di Martino et al. (2008) found that the ACC and the right anterior insula showed 

hypo-activation in ASD across a number of studies of social processing, while Dickstein et 

al. (2013) found hypo-activation of the right STG across a number of social studies. Finally, 

a recent metaanalysis of the ASD face perception literature by Nickl-Jockschat et al. (2014) 

reported hypo-activation of the left FG that was functionally hypo-connected with the IFG 

and temporo-occipital cortex across a number of studies. These attempts at synthesis across 

studies are beginning to create a picture of a dysfunctional face processing networks in ASD 

that are part of larger social networks in the brain.
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In accordance with this view of understanding atypical face perception in ASD as a more 

general dysfunction in social processing, additional literature suggests that these aberrant 

activation patterns are not strictly tied to face perception. Face perception deficits may 

certainly occur in concert with social dysfunction in ASD, but more likely arise from 

broader social dysfunction, as these areas also differ from TD individuals in tasks unrelated 

to face perception. For example, STS dysfunction in ASD has been implicated in atypical 

understanding of the intentions of actors and animated figures (see Pelphrey et al., 2011 for 

a review), and speech perception, (Redcay, 2008; Zilbovicius et al., 2006) while amygdala 

dysfunction is implicated in atypical mental state eye inferences (Baron-Cohen et al., 1999). 

This wider range of dysfunction involving the core face-processing network (STS, 

amygdala, and FG) in individuals with ASD suggests that atypical function of these areas 

may be related to social processing in general.

12. Conclusions and Future Directions

Here we highlight the importance of going beyond the traditional focus on the occipital 

gyrus, FG, and amygdala in characterizing face perception in ASD. Although each of these 

areas has been shown to exhibit atypical function in ASD, there are many studies that show 

that atypical face perception can be tied to many other brain areas in the extended face 

perception network, and other networks related to social processing such as TOM and mirror 

networks. This is especially evident in tasks that explore face perception involving 

expression and gaze information, as reviewed in the sections above. This makes it 

imperative that explorations attempting to characterize atypical brain processing related to 

face perception in ASD take into consideration the larger context of social processing and 

attention networks that face perception falls within.

The more obvious differences in the extended face perception network were related to 

emotional expression, eye gaze, and functional connectivity paradigms. In fact, differences 

in the extended face perception network were just as likely to be found as differences in the 

core face perception network. This is also likely due to the fact that these studies were more 

likely to use whole brain analysis approaches, but it also may be because emotional 

expression and gaze direction carry more complex social information such as emotional 

state and direction of social attention. Due to the fact that individuals with ASD show 

deficits in socio-emotive processing such as TOM and empathy, one would expect 

differences in higher-order processing of faces regarding more complex informational cues.

Another point to consider is the fact that many studies have found no difference in 

behavioral performance between ASD and TD groups despite finding differences in brain 

function. This was especially the case for face perception involving neutral expressions, 

where behavioral performance in ASD was equal to that of TD individuals, but brain 

function between the two groups were significantly different for a number of brain areas in 

the core face perception network. This highlights the importance of using neuroimaging to 

determine if individuals with ASD are using different types of cognitive processes in order 

to perceive faces compared with TD individuals, despite similar behavior performance in 

face processing tasks. Behavioral work using eye-tracking demonstrates that whereas TD 

individuals fixate on major features of the face such as the eyes a majority of the time, 
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individuals with ASD tend to fixate on portions of the face that do not contain core facial 

features (Pelphrey et al., 2002). Accordingly, studies examining eye-fixation demonstrated 

that individuals with ASD spend less time fixated on the eye region (Dalton et al., 2005; 

Kliemann et al., 2012; Tottenham et al., 2013) and that manipulating fixation over the eye 

region can result in significant differences in brain activation in response to faces. Thus, 

neuroimaging paradigms such as these have the ability to provide information about how 

neural differences in face processing in ASD may emerge despite normal behavioral 

performance.

Additionally, the finding that individuals with ASD show similar behavioral performance to 

TD individuals in tasks utilizing neutral faces but show deficient behavioral performance 

when those faces display emotional expression suggest that it is not the face itself, but rather 

the socio-emotional information of faces that causes difficulty in face perception. This 

would suggest that the automatic fluent processing of emotional expression by TD 

individuals in such processes as imitation (Carr et al., 2006; Frith, 2007) are not functional 

in individuals with ASD and that automatic fluent imitation in TD is actually represented by 

interference in ASD. This is in accord with the idea that atypical face processing in ASD is 

related to a broader social dysfunction in social processing and that it is not tied to the face 

itself. Face processing deficits may instead results from atypical function of mechanisms 

that attempt to automatically extract social information.

The emergence of studies that find atypical functional connections between brain areas 

despite typical BOLD activation levels within the face perception network (e.g. Wicker et 

al., 2008) offers an explanation for some of the studies finding no activation differences of 

the core face perception network between ASD and TD individuals. These studies suggest 

that atypical face perception can be modulated by aberrant functional connections between 

brain areas rather than a univariate difference in activation within a single brain area. This 

again highlights the need for identifying differences in network activation and connectivity 

between cortical areas rather than simply exploring activation differences in individual 

cortical areas. Thus, it will be important for future studies to identify how differences in 

BOLD activation and functional connectivity individually contribute to atypical face 

perception in ASD.

Individual differences and task type are sure to play a role in differential findings throughout 

some of the studies showing hypo-, hyper-activation, or no differences of brain activation in 

ASD compared to TD. A recent study by Scherf and colleagues (2015) demonstrates a 

relationship for activation patterns of the FG with symptom severity in ASD, while 

amygdala activation was related to task type. Specifically, more severe symptoms were 

related to decreased right FG activity while amygdala activation in ASD was much greater 

in response to scrambled faces compared to TD adolescents. However, it is difficult to arrive 

at conclusions about individual differences from cross-study comparisons. Future studies 

will need to explore how individual differences and task type mediate other types of face 

perception such as expression recognition and gaze detection/cueing.

Interestingly, there did not seem to be any differences between neuroimaging studies 

exploring younger and older individuals with ASD, as most studies presented with the same 
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general conclusions. This is in contrast to a body of behavioral literature that examines 

developmental differences in face perception between ASD and TD, and may be due to the 

fact that most of those studies have focused on behavioral differences between young 

children with ASD and TD children (<10 years old) (for a review see Golorai et al., 2006), 

finding that children with ASD do not have the face perception skills that TD children have. 

In this sense, developmental delays are quantified by the absence of skills. Thus, it would be 

difficult to find developmental differences between ASD and TD in the current review, as 

they would not be quantified in the same way. Additionally, while behavioral studies often 

include lower-functioning children, neuroimaging studies focus on high-functioning 

individuals who can comply with the demands of the scanner environment, confounding 

direct comparisons between these types of studies.

The way that developmental changes in the cited studies would be quantified is by changes 

in magnitude of the BOLD response. However, it is difficult to compare magnitudes of 

activation across studies utilizing different acquisition and task parameters. Thus, it is 

unclear if the magnitude of face perception deficits between ASD and TD would change 

over time as defined by the BOLD signal. Accordingly, it is unclear what types of face 

perception processes would change the most over time. Some evidence that emotional 

expression recognition can be improved through exposure and feedback (Bolte et al., 2006) 

suggests that at least the recognition of emotional expressions can be enhanced through such 

an approach, but it is unclear if other processes such as gaze detection and gaze cueing can 

be enhanced in a similar manner.

The question of developmental changes in face perception also ties into the proposal that 

atypical face perception in ASD is related to a broader social dysfunction and/or social 

disinterest. The few studies that have examined children generally demonstrate the same 

type of face processing deficits as observed in adults. However, it may be the case that these 

studies are conducted in children who have already been guided by a lack of social interest 

in faces to not develop their face perception skills. That is, these children may already be too 

old to disentangle the question of how social disinterest relates to face processing. Thus, it is 

still unknown if atypical face perception is part of the early pathology of ASD or if it is a 

result of disinterest in faces from birth that leads to poor face perception processing later in 

life.

There were a few studies that demonstrated how to manipulate brain activation with regards 

to face perception processes in ASD. Two studies used oxytocin to increase face perception 

(Domes et al., 2013, 2014), one study used a training program to increase expression 

recognition (Bolte et al., 2006), while a new area of research focused on forcing eye-fixation 

in individuals with ASD (e.g., Tottenham et al., 2013). These studies showed that there are 

several approaches to modifying brain activity in ASD with regards to face perception. 

Future studies should seek to determine if combining different approaches would further 

enhance perceptual processing of faces in ASD. For example, it is unclear how ASD eye-

fixation is modulated by administration of oxytocin and if some of the cortical changes 

observed when eye-fixation is forced are still present long-term after oxytocin 

administration. Additionally, it is unclear if ASD training programs would be more effective 
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if eye-fixation is forced during training or if oxytocin was administered before and during 

training.

While hypo- and hyper-activity of brain areas within face processing networks in ASD are 

the most common results reported in the literature, several outstanding questions regarding 

the generalizability of these findings remain. Autism is a developmental order, with early 

life onset and variable developmental trajectory (Picci & Scherf, 2014). At present, 

however, the vast majority of functional activation ASD face-processing studies have been 

conducted in adults, after a lifetime of compensatory strategies may have already occurred. 

Thus, there is an urgent need for studies of younger individuals and longitudinal studies of 

ASD to achieve a greater understanding of the atypical developmental trajectories 

underlying ASD face processing abnormalities (Amaral, 2011). The functional connectivity 

literature already recognizes that developmental changes in ASD are under-studied, and that 

results obtained from adults with the disorder often do not generalize to younger individuals 

(Uddin et al., 2013). The disorder is typically diagnosed by age three while most 

neuroimaging studies explore the neural correlates of face processing in children older than 

age seven. Obtaining data from younger individuals represents a significant challenge that 

must be addressed in future work and would help to disentangle if poor face perception in 

ASD is part of the early pathology of the disorder, or if it results from a general disinterest in 

social stimuli.

In addition to the scarcity of functional imaging studies examining young children with the 

disorder, there is a gap in our knowledge of gender differences in face processing. Due to 

the 4:1 ratio of males to females with ASD, most studies have focused disproportionately on 

males with the disorder; almost nothing is known about the neural representation of faces in 

females with ASD and whether it differs from that in males.

Despite the considerable progress in studying social cognition in autism as summarized here, 

another outstanding question remains with respect to the ecological validity of the stimuli 

used in many studies. More naturalistic social interactions should be investigated in order to 

assess to what extent the brain differences observed here impact real life social interactions 

(see for example: Gordon et al., 2013; Redcay et al., 2013, Zaki & Ochsner, 2009).

Finally, as more sophisticated functional brain imaging data analytic approaches are 

developed, it is increasingly apparent that where univariate analyses can sometimes not be 

sensitive enough to detect subtle group differences in activation levels, other approaches can 

prevail. Multivariate pattern analysis (MVPA) examines the pattern of activation across 

voxels rather than signal intensity levels (Norman et al., 2006). In two recent studies using 

MVPA, this method was shown to be more sensitive in identifying subtle differences in the 

patterns of brain activation between ASD and TD groups (Coutanche et al., 2011; Jiang et 

al., 2013). These newer network approaches will be important in better characterizing 

differences in face perception in ASD than traditional univariate techniques that focus on 

isolated brain areas.

In sum, although there has been a tremendous amount of progress in mapping the 

relationship between atypical face perception and brain function in ASD, more studies need 
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to be done in order better characterize face perception deficits in this population. 

Additionally, it is imperative that future studies take into consideration that face perception 

in humans involves a number of overlapping networks related to processing of visual 

stimuli, social processing, and attention mechanisms rather than individual cortical areas 

such as the FG, amygdala, and STG. Future work utilizing different analytic techniques 

including functional connectivity and MVPA, alongside ecologically valid investigations 

exploring the influences of development and gender, will further elucidate the relationship 

between atypical face perception and atypical neural activation in ASD, and relationships 

with broader social deficits in this disorder.
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Highlights

• Studies of face processing implicate both cortical and subcortical brain regions

• Autism is characterized by atypical activation of several face processing areas

• Network approaches to understanding face processing are emerging
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Figure 1. 
Neural networks involved in face processing. Nodes represent brain areas typically involved 

in each network. Core and extended face networks (upper left): red = extended face network, 

blue = core face network. STS: superior temporal sulcus, STG: superior temporal gyrus, 

AMYG: amygdala, FG: fusiform gyrus, OFA: occipital face area, ACC: anterior cingulate 

cortex, IFG: inferior frontal gyrus, SC superior colliculus, MPFC: medial pre-frontal cortex.
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Table 5

Cortical activation for eye-fixation and functional connectivity ASD studies.

Eye-Fixation

Demographics Eye-Fixation vs.

Study ASD TO Mouth-Fixation for ASD

Dalton et al., 2005
Expressions A, F, H, N

n=14
15.9+/-4.71

(OF)

n=12
17.1+/-2.78

(OF)

Increased: Amyg

Perlman et al., 2011
Expressions F

n=12
25.5+/-7.47
(18-37; 1F)

n=7
28.57+/-5.74
(22-37; OF)

Increased: FG
No Diff: Amyg

Kleimann et al., 2012
Expressions H, F, N

n=16
30.44+/-6.34

(OF)

n=7
30.47+/-6.24

(OF)

Increased: Amyg

Zürcher et al., 2013
Expressions N

n=16
23.5+/-6.8

(3F)

n=18
25.8+/-5.3

(2F)

Increased: Amyg/IFG

Tottenham et al., 2013
Expressions A, H, N

n=42
17+/-8

(6-35; 12F)

n=28
16+/-7

(6-34; 3F)

Increased: Amyg

Functional Connectivity

Demographics ASD compared to TD

Study ASD TO Hypo-connected Hyper-connected

Wicker et al., 2008
Expressions A, H

n=12
27+/-11

(18-53; 1F)

n=14
23.4+/-10

(OF)

OC & FG
LPFC & FG
VLPFC & STS

Kleinhans et al., 2008
Expressions N

n=19
23.5+/-7.8

(18-44)

n=21
25.1+/-7.6

(18-43)

FG & Amyg

Murphy et al., 2012
Expressions A, F

n=12
10.42+/-1.28

(3F)

n=13
11.05+/-1.33

(3F)

STS & Amyg Amyg & ACC

FG: fusiform gyrus, Amyg: amygdala, STS: superior temporal sulcus, OG: occipital gyrus, IFG: inferior frontal gyrus, ACC: anterior cingulate 
cortex, VMPFC: ventral medial pre-frontal cortex, LPFC: lateral pre-frontal cortex. A: angry, F: fear, H: happy, N: neutral.

Neuropsychologia. Author manuscript; available in PMC 2016 May 01.


