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Abstract

Autism spectrum disorder (ASD) and schizophrenia spectrum disorders (SZ) are characterized by difficulty with social cognition
and atypical reception of facial communication—a key area in the Research Domain Criteria framework. To identify areas of
overlap and dissociation between ASD and SZ, we review studies of event-related potentials (ERP) to faces across ASD and SZ
populations, focusing on ERPs implicated in social perception: P100, N170, N250, and P300. There were many inconsistent
findings across studies; however, replication was strongest for delayed N170 latency in ASD and attenuated N170 amplitude in
SZ. These results highlight the challenges of replicating research findings in heterogeneous clinical populations and the need for
transdiagnostic research that continuously quantifies behavior and neural activity across neurodevelopmental disorders.
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Autism spectrum disorder (ASD) and schizophrenia spectrum
disorders (SZ) are highly prevalent neurodevelopmental dis-
orders (ND) with considerable public health impact, costing
the USA a combined $423 billion per year (Cloutier et al.,
2016). Though these disorders are classified in two separate
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diagnostic taxonomies, social deficits are diagnostic hallmarks
of both, and diagnostic confusion is common, with ASD orig-
inally conceptualized as a form of childhood schizophrenia
(Wolff, 2004). Social dysfunction is a core symptom of both
ASD and SZ, evident in decreased social motivation, reduced
social reward, impaired mentalizing, and decreased likelihood
of social engagement (Dawson et al., 2005; Dowd & Barch,
2010; Schultz, 2005). Moreover, parallel lines of research in-
dicate commonalities in behavior, genetic pathways, and neu-
ral processes, suggesting shared neuropathology (Cristino
et al., 2014; Fernandes et al., 2018; Mitchell, 2011; Trevisan
etal., 2020; Zheng et al., 2018). These findings are consistent
with the hypothesis that common mechanisms contribute to
social communication deficits across behaviorally defined cat-
egories of ND.

Despite these commonalities, few studies have directly
compared distinct diagnostic groups or conceptualized these
diagnostic classes as heterogeneous manifestations of shared
dysfunction in overlapping neural substrates. For this reason,
little is known about whether atypical social perception across
NDs reflects common or distinct neural underpinnings. In this
review, we focus on literature related to face and emotion
processing across ASD and SZ, highlighting what is known,
where the disorders converge and diverge, and what work
remains to be done to understand social processes related to
perception of facial communication across disorders.
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Decreased attention to human faces is evident through-
out the lifespan in ASD (Dawson et al., 2005; Maestro
et al., 2002; Osterling & Dawson, 1994). Though SZ is
not usually diagnosed until adolescence or early adulthood,
infants later diagnosed with psychosis also show decreased
attention to faces (Massie, 1978). Eye-tracking studies of
perception of facial stimuli demonstrate atypical face scan-
ning in individuals with ASD and SZ, with both clinical
groups spending less time fixating on the eyes and more
time fixating on other parts of the face (ASD: Joseph &
Tanaka, 2003; Klin et al., 2002; Pelphrey et al., 2002; SZ:
Gordon et al., 1992; Phillips & David, 1997). Individuals
with ASD and SZ also show deficits in accurately identify-
ing emotions, sorting emotional faces, and matching faces
based on emotion (ASD: Baron-Cohen et al., 2001;
Hobson, 1986; Ami Klin et al., 1999; Law Smith et al.,
2010; SZ: Bellack et al., 1996; Morrison et al., 1988;
Mueser et al., 1996). Atypical sensitivity to emotional ex-
pressions is a stable feature of multiple NDs and has been
shown to associate with chronicity, severity, and type of
active symptomatology (Addington & Addington, 1998;
Davis & Gibson, 2000; Gaebel & Wolwer, 1992; Kington
etal., 2000; Lewis & Garver, 1995). Difficulties in emotion
recognition and discrimination in SZ and ASD are associ-
ated with specific disruption in social process systems, such
as increased social withdrawal and impaired social
cognition.

Face and emotion processing rely upon a network of spe-
cialized brain regions. Neuroimaging research has clarified
the role of specific brain areas, including the fusiform gy-
rus, superior temporal sulcus, and amygdala, in face per-
ception (Kanwisher, 2001; Kesler-West et al., 2001).
Event-related potential (ERP) studies reveal a specific time
course for related but distinct stages of face processing in
this network (Luo et al., 2009; Wong et al., 2009). This
sequence of ERPs is distinguished by scalp topography
and chronology and shows sensitivity across perceptual
processes, from detecting faces to interpreting differences
in facial identity, direction of gaze, and displays of emo-
tion (Bentin et al., 1996; Conty et al., 2007; Eimer &
Holmes, 2002; Gosling & Eimer, 2011). These ERPs pro-
vide temporally precise indices of function across the re-
gions involved in face perception, or, as conceptualized in
the NIMH’s Research Domain Criteria (RDoC) frame-
work, the subdomain reception of facial communication
within the broader category of social process systems
(Kozak & Cuthbert, 2016). Prior research has demonstrat-
ed the relevance of a subset of these components across
neurological and psychiatric disorders (Feuerriegel et al.,
2015). Here, we focus on their manifestation in ASD and
SZ, reviewing a broad, temporally sequential set of ERP
components associated with face processing: P100, N170,
N250, and P300.

@ Springer

Measured over the occipital cortex as a positive deflection
approximately 100 ms after the onset of a visual stimulus, the
P100 reflects low-level processing in the visual cortex (V1)
that is modulated by age and may be affected by the social
nature of stimuli (Key et al., 2005; Mangun, 1995). In typical
development (TD), faces elicit a larger (Herrmann et al., 2005;
Itier & Taylor, 2004c) and faster (Kuefner et al., 2009; Taylor
et al.,, 2001) P100 than objects, and in a number of studies,
inverted faces elicit a larger (Roxane J Itier & Taylor, 2004a,
2004c¢) but slower (Itier & Taylor, 2004c; Taylor et al., 2001)
P100 than upright faces. P100 amplitude can be modulated by
emotion (Batty & Taylor, 2003).

The N170 is a negative-going component, recorded over
the occipito-temporal scalp approximately 170 ms after view-
ing a face, which indexes the earliest stages of face processing
(i.e., structural encoding). Neural generators of the N170 have
been localized to occipito-temporal sites, including the fusi-
form gyrus (Itier & Taylor, 2002, 2004b. Rossion et al., 2003;
Sadeh et al., 2010), superior temporal sulcus (Itier & Taylor,
2004d; Yovel etal., 2008), lingual gyrus (Shibata et al., 2002),
posterior inferotemporal gyrus (Schweinberger et al., 2002;
Shibata et al., 2002), and inferior occipital gyrus (Jacques
et al., 2018). Like the P100, in TD the N170 exhibits en-
hanced amplitude (more negative) and faster latency to
faces relative to objects (Bentin et al., 1996; Itier &
Taylor, 2004c) and larger amplitude but slower latency to
inverted than to upright faces (Eimer, 2000; Itier & Taylor,
2004b, 2004c¢, 2004d; Rossion et al., 2000). For the N170,
this “face inversion effect” is not found for upright vs.
inverted objects, consistent with the interpretation that the
N170 indexes face-selective processing (Eimer, 2000; Itier
& Taylor, 2004c). N170 latency tends to be faster (Blau
et al., 2007) with greater amplitude (Itier & Taylor,
2004b, 2004c; Rossion et al., 2003) over the right hemi-
sphere than the left. Finally, N170 also may reflect an early
indicator of emotion processing. Happy faces elicit faster
N170 latencies than faces displaying negative affect (Batty
& Taylor, 2003), and fearful faces elicit more negative
N170 amplitude than neutral (Batty & Taylor, 2003; Blau
et al., 2007) and happy (Brenner et al., 2014) faces.

The N250 is a negative-going component occurring ap-
proximately 250 ms post-stimulus (Schweinberger et al.,
2002). Though less well characterized than the P100 and
N170 components and rarely studied in typically developing
populations, the N250 demonstrates increased amplitude in
response to emotional expressiveness relative to neutral faces
(Balconi & Pozzoli, 2008; Carretié et al., 2001; Labuschagne
etal., 2010; Sato et al., 2001; Streit et al., 2001). As such, the
N250 is considered a marker of higher-order face processing,
such as affect decoding and emotion processing, and is pre-
sumed to reflect the modulatory influence of subcortical struc-
tures, including the amygdala (Streit et al., 1999). Research on
face learning and repetition suggests the N250 is modulated
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by the identity of a face; familiar or repeated faces evoke a
more negative N250 than unfamiliar or novel faces (Gosling
& Eimer, 2011; Kaufmann et al., 2009; Tanaka et al., 2006).
N250 latency delays to inverted faces have been observed in a
face repetition task (Itier & Taylor, 2004b), and, as with the
N170, the N250 has been shown to be right lateralized
(Kaufmann et al., 2009). There is variation in published stud-
ies in terms of scalp electrodes selected to capture the N250
component. For the purposes of the current review, we includ-
ed all topographies, permitting that the designated component
was the N250 and in the context of experimental investigation
of facial emotion perception.

The P300 is a large-amplitude positive component mea-
sured at central, frontal, and occipital locations approximately
300 ms after stimulus onset. It is associated with detecting
novel and significant events (Ferrari et al., 2010; Picton,
1995; Picton, 1992; Polich et al., 1995), as well as with con-
text updating (Donchin, 2008; Donchin & Coles, 1988, 1998).
In the context of face perception, the P300 reflects processing
of self-relevant stimuli, such as one’s own face (Ninomiya
et al., 1998; Onitsuka et al., 2001). Emotional stimuli elicit a
greater P300 amplitude than neutral stimuli (Johnston et al.,
1986), and salient or attended stimuli elicit a greater P300
response than passively viewed stimuli (Carretié et al.,
1997). P300 amplitude is larger to upright than to inverted
faces and may be modified by emotional valence
(Kestenbaum & Nelson, 1992), though the evidence is mixed
(Conroy & Polich, 2007). As with the N250, there has been
variance across studies in scalp electrodes selected to capture
the P300; as above, we included all studies referencing a P300
in the context of experimental investigation of emotional face
perception.

In this review, we highlight findings related to the am-
plitude and latency of these four ERP components, as elic-
ited in response to face and emotion stimuli in individuals
with ASD and SZ. This work expands on prior reviews
focused solely on the N170 in ASD (Kang et al., 2018), a
review on all four components in SZ (Murashko &
Shmukler, 2019), and other disorders (Feuerriegel et al.,
2015) by reviewing points of convergence and divergence
for additional neural components associated with face pro-
cessing transdiagnotically.

Methods
Search Criteria

Scopus, Google Scholar, and PubMed were queried using the
following search criteria: (ASD OR autis* OR “pervasive de-
velopmental disorder’” OR PDD-NOS OR Asperger* OR SZ
OR schizo*) AND (ERP OR EEG OR electrophys* OR
event-related potential OR P100 OR N170 OR N250 OR

P300) AND (face OR facial OR emotion*). Reference lists,
review articles, and meta-analyses were scanned to identify
additional peer-review articles. Searches reflect updated con-
tent through December 31, 2020.

Inclusion Criteria: Methods and Components

These searches yielded 74 eligible studies (38 ASD, 36 SZ);
all included articles were peer-reviewed. Eligible studies were
required to investigate at least one of the four key ERP com-
ponents most commonly investigated in neuroscientific stud-
ies of face processing in typical and atypical development:
P100, N170, N250, and P300. Studies that did not include at
least one of these components were excluded (e.g., McMahon
& Henderson, 2015). Included studies were required to use
images of human faces as stimuli. Studies in which more than
one face or object was simultaneously presented were exclud-
ed (e.g., Maher et al., 2016), as were studies in which all visual
stimuli were combined with auditory stimuli (Miiller et al.,
2012). Studies that compared ERPs to faces with two or more
emotions were designated as “emotion” studies. “Face” stud-
ies were categorized as either (1) studies that included only
non-emotionally valenced faces or (2) emotion studies that
collapsed across different emotions to examine main effects
of diagnostic group. As a result, any particular study could be
both a face and an emotion study, just a face study, or just an
emotion study. Finally, studies whose results were not possi-
ble to interpret in our framework were excluded (e.g., Yang
etal., 2017). See Fig. 1 for a flowchart of our inclusion criteria.

Study inclusion criteria:

Original research

¥

Patient group with clinical diagnosis of ASD or SZ

L

Assessment of at least 1 target ERP component
(P100, N170, N250, P300)
g J

Face studies ‘
(

Realistic human face presented alone as stimulus

. _J
Emotion studies ‘
(

2 or more different emotional faces as stimuli

. /

Fig. 1 Flowchart of study inclusion criteria. Studies that fell within the
lighter gray shading were included as face studies, and studies that fell
within the darker gray shading were included as emotion studies only

@ Springer
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Inclusion Criteria: Subjects

Details about population demographics, subject characteriza-
tion, study methodology, and stimuli are presented in
Table 1. Studies were required to examine individuals di-
agnosed with either ASD or SZ, and those studying only
high-risk individuals or relatives were excluded (Wolwer
et al., 2012). No studies included both diagnostic groups.
Studies were required to report their method for confirming
patients’ diagnostic status. In over half of the studies of
ASD (21 of 38), diagnosis was confirmed with a gold-
standard clinical assessment, the Autism Diagnostic
Observation Schedule (ADOS; Lord et al., 2012). For the
remaining ASD studies, participants entered the study with
a prior diagnosis according to DSM-IV or DSM-5 criteria
(American Psychiatric Association, 1994; Association,
2013). The DSM-5 diagnosis of ASD removed subtypes,
reconfigured the DSM-IV triad of impairments to a dyad,
and added atypical sensory responses to the diagnostic
criteria; though not identical, both sets of criteria were
deemed appropriate for this review in that they both focus
on social communication (American Psychiatric
Association, 1994). Similarly, the DSM-5 diagnosis of SZ
removed subtypes (e.g., paranoid) but was otherwise very
similar to the DSM-IV diagnosis (American Psychiatric
Association, 1994). In 31 of 36 SZ studies, clinicians con-
firmed diagnosis based on DSM-IV or ICD-10 criteria. The
studies that did not specify these criteria for schizophrenia
completed a Schedule for Affective Disorders and
Schizophrenia (Spitzer & Endicott, 1979) or the combina-
tion of the Structured Clinical Interview and Rating Criteria
(SCID) and the Positive and Negative Syndrome Scale
(PANSS) (Kay et al., 1991). Study samples targeting indi-
viduals under three years of age were excluded, given the
developmental emergence of some of the ERP components
at this point (Itier & Taylor, 2004b). Studies were otherwise
included regardless of target age group; however, all SZ
studies targeted adults or late adolescents, whereas two-
thirds of ASD studies exclusively included children.
Studies that included both a child and an adult group ana-
lyzed separately were reported on as two separate studies in
the “Results” section. Studies without a typically develop-
ing (TD) comparison group were excluded. For studies that
examined additional clinical groups besides ASD or SZ
(Tye et al., 2014; Tye et al., 2013), we focused only on
results regarding ASD and SZ.

Results

Details on all study results described below can be found in
Table 2. A graphical overview of findings can be found in
Fig. 2.

@ Springer

P100 Amplitude
P100 Amplitude in ASD: Face

The majority of ERP literature reported no significant differ-
ences in P100 amplitude to faces between individuals with
ASD and TD. Twenty-four studies of face processing in
ASD reported on P100, 17 of which reported comparable
P100 amplitudes in ASD and TD. In these 17 studies, no
significant group differences in P100 amplitude to faces were
identified across a range of task demands (attending to non-
social target images to actively attending to facial stimuli) and
in both child and adult samples (Akechi et al., 2010; Apicella
etal., 2013; Luyster et al., 2017 [child and adult]; McPartland
etal., 2011; Neuhaus et al., 2016; O'Connor et al., 2005 [child
and adult]; 2007; Senju et al., 2005; Shen et al., 2017; Sysoeva
etal.,2018; Tye etal., 2013; Wagner et al., 2013; Webb et al.,
2010; Wong et al., 2008; Yamasaki et al., 2017).  Studies
reporting group differences (7 of 24) in P100 amplitude to
faces revealed inconsistent directionality of effects. One study
of adults found increased P100 amplitude to faces in ASD
versus TD (Cygan et al., 2014). One child study and one adult
study reported inversion effects (greater P100 amplitude to
inverted versus upright faces) in the TD group, but not in the
ASD group (Hileman et al., 2011; Webb et al., 2012). Poorer
face memory in the study of Webb et al. (2012) was correlated
with greater P100 response to inverted versus upright faces in
adults with ASD; however, there were no significant differ-
ences between groups in processing upright faces or objects.
One study of children reported attenuated P100 amplitude to
faces in ASD compared to TD, but lacked control stimuli
(Batty et al., 2011), and a second study replicated this effect
in young adults when using photographs of emotional faces,
but reported a slightly larger P100 amplitude in ASD when
using realistic drawings of emotional faces (Tseng et al.,
2015). An additional study of children reported reduced
P100 amplitude in ASD for repeated versus novel faces and
objects whereas no difference was found in TD (Key &
Corbett, 2014). A final study found reduced P100 lateraliza-
tion in the ASD group as compared to controls (Luckhardt
etal., 2017). Of these seven studies, three found effects across
face and objects, and four did not include non-face stimuli. As
such, no studies found a face-stimulus specific effect.

P100 Amplitude in ASD: Emotion

There were 13 studies of emotion processing in ASD that
reported on P100 amplitude, distributed across childhood, ad-
olescence, and adulthood. Across all studies, P100 was mod-
ulated similarly between diagnostic groups in response to
emotional faces (Akechi et al., 2010; Apicella et al., 2013;
Batty et al., 2011; Hileman et al., 2011; Luckhardt et al.,
2017; Luyster et al., 2017 [child and adult]; O'Connor et al.,
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3 g g
s é g 2005 [child and adult]; 2007; Wagner et al.,2013; Wong et al.,
2 8 é § éﬂ 2008; Yamasaki et al., 2017).
& 55 g 25
g E 2: ; é g" P100 Amplitude in SZ: Face
= g° Z g3
S N Most studies of face processing (14 of 18) reported com-
%’ E,g parable P100 amplitudes to face stimuli between SZ and
= = g g v TD groups across a variety of methodologies and sample
%5 %g g § g g compositions (Bediou et al., 2007; Brenner et al., 2015;
g % §;‘§ §§ E E Fukuta et al., 2014; Herrmann et al., 2004; Jetha et al.,
S § %° e . El ~ 2013; P. J. Johnston et al., 2005; Jung et al., 2012; Kim
2 § g et al., 2015; Lee et al., 2010; Liu et al., 2016; Obayashi
E :5\@ et al., 2009; Thoma et al., 2013; Turetsky et al., 2007;
E 5 g; Wynn et al., 2008). Among studies reporting P100 ampli-
o 2 '%ﬁ E: ;? tude differences, all found attenuated P100 to faces in SZ
§ § ) 2 g% groups (Caharel et al., 2007; Campanella et al., 2006;
% g é ) —5 ‘g% Shah et al., 2018; Zhang et al., 2016), though
g E 2 % 2 § = Campanella et al. (2006) found that this effect was spe-
g g 2 ';1 § _zé cific to a group displaying high SZ symptomatology
% _§ % o) x 22 (compared to TD and low-symptom SZ groups). In all 4
q; %E of the studies that found significant differences, partici-
§ g § pants were actively attending to facial stimuli; 12 of the
g gig 14 studies that reported null results also included active
N . % g 8 attention to stimuli. Importantly, only 3 of 18 studies in-
Qg E i %" g“é cluded control (i.e., non-face) stimuli, and only one of
55 = ¥ % g g § these reported differences between SZ and TD (Shah
&D gbg g ? *"-‘é £ 5 et al., 2018) while two did not (Obayashi et al., 2009;
55| 7 : . é 5 Wynn et al., 2008).
< ] ¢ = a3
E’ % % P100 Amplitude in SZ: Emotion
Eay
Q
% ‘2) ;’- Out of 16 emotion-processing studies reporting P100 am-
2 9 :g: plitude in SZ, 13 studies reported no significant group
§ % I differences in P100 amplitude as a function of the emo-
£ EQ tional content of presented faces (Brenner et al., 2015;
Zg S g Caharel et al., 2007; Campanella et al., 2006; Fukuta
£ § :50 et al., 2014; Johnston et al., 2005; Jung et al., 2012;
%E 4 & & 5%" 8 § E ?D a Kim et al., 2015; Lee et al., 2010; Obayashi et al., 2009;
gﬂé :: a%ﬁa% é,é . ‘gg Lg) 5 g Thoma et al., 2013; Turetsky et al., 2007; Wynn et al,,
- g2 é TEZEzs It 2 8 S E 2008; Zhang et al., 2016). One study reported amplitude
| é % é § g P g, 3 é % é Z §D£§ = g é modulation by emotion in the TD group but not in the SZ
Z 2= 2 B B = § = i. group (Bediou et al., 2007). Jetha et al. (2013) reported
i § % that moderate shyness in SZ was associated with less
g g 'é %@ emotional reactivity as indicated by P100 amplitude.
gb 5 E ;5) £ g This finding suggests that differences in P100 amplitude
«E% & £ L'.g c:? ?D may mark alterations in emotion processing associated
éé 3 % § E® with specific symptom dimensions. Finally, Shah et al.
2| % 2 2 g 5% 5 (2018) found amplitude responses in the SZ group to be
g = < < W S é z smaller than those of the TD group in sad, angry, and
S| & . d%’ﬂ EE 2 fearful faces occipitally and sad faces parietally. Taken
- % z : & ;ig together, these results suggest that P100 amplitude does
2| 2 g% %"é 8 %”é = not specifically index alterations in face or emotion
gl 2 B N Z <58 processing.

@ Springer



531

Rev J Autism Dev Disord (2022) 9:521-554

aL<asv su sy (+) uonruzo
HY ‘908 SJu ‘41> HY :dL -001 908J /M dure
- - - = QO "sa 20eg ums v su Su SV PUeIR[OLIN  110T “T8 1 Pue[edoN
fqo
Aul > [qo dn
dL :AU] ‘SA
dn su:lqo
'SA 908 ‘SJu
‘aL<
- - - — dSV uns v su - - su €10T “e 19 IweLoyy]
Su (L SJju o
-Aou<pajeadar sju
:dsy ‘su ‘loaou > payeadoar
[PAON “SJU 9s91-01 ]
‘AL <dsV P su:dlL spu SV "gu ‘[eaou
-oreadoy wms ‘[oAou > pajeadar < pajeadar 9saj-a1 (+) dwre ¢J 1&3
- nw - - — 9S0RAI T :ASV:WDS [[V - HT1:QL:wos[y -oued/mdwe LN $10T NOqI0) %9 o3
(+) yoeoxd
-de 1e100s
 93e /m sooey
- - - - - - - 0y opryrdue 14 810T “[e 12 sauof
su-dsyv o}
‘weyun
su <uwep:dL - - - - - - - €107 “[e 10 1funy
su dL prud
‘dSV -reriuey pue add
- <JI°s:dlL > dLNnpy 99dgj-uou > a9e} :dSV - 600€ ‘e 10 Huny
- - - - - - - - - L10T “Te 3 woo1n
- - - - su su - - - S00T “Te 19 Q0LID)
Su wejun)
‘SA W] 'SU ‘S90e] THY
> HT ‘soweu (L Sju su :soweN "dL
- - - - Su ‘dSV > AL ‘HT wos [V su < SV 808 - ¥10T “Te 10 uedk)
dL < dasy :fqosu
- - - — su :[qo ox11-0087 ‘008, ] — - - qz10T “Te 1@ sayaImy)
su-dsyv o}
- - - — su ‘aatssed > oAnoe (L - - - 010C “Te 39 sayoIny)
su 1008
1o31e)UOUO]
‘aL<dasv
- - - :008J JoSIe], su o] ‘dL < dsVv — - - BZ10T T 19 soyoIny)
Surssaooid 908] :qSV
Koude| opmypdury e opmydury KoudyeT opmyrdury KoudgeT opnyrdury
00¢d 0STN O0LIN 001d Suone[aLo?) Ieak “oyny

SIIPIYS POMSIAQI [[B WO S)NSAT JYH

zZ3IqeL

pringer

&H's



Rev J Autism Dev Disord (2022) 9:521-554

532

Su :9zen) ‘su
AU sa dn) su

}dsy o ‘HY >
HT1-:dHAav +dsy o}

< 30011p :QH
-AQV‘dL:9zen su
:AU] sAa d) 'su
:dSV o} ‘HYd
<HT:dHAavVv +
dsv/dsyV o ‘H1

(+) uoped
-IUNUWIWO) [BIO0S
/M UOnRZI[eI)E]

- - - - Su ‘HY <HT:AL'wos[IV ~ <HY ‘dL ‘wns v su dwe 0LIN €10 “Te 10 241,
su :qsviqo
> 00B]
‘arfo (sjw) L >dsv
- - - - "SA SOB -0 XoMoA Je AUJ ‘sA d) su su - 810T “Te 10 BAQ0SAS
3
> ey ¥or -:dsyv
HY s109[qo pue $102[qO "SA s8]
- - - —  >IHT1:dSV Synow > SoAd pue saoe N $199[qo > sa0e) N So9B] < $199[Q0 - L10T “Te 30 uaysg
su su - - su su su su - S00T “Te 10 nfusg
dure
0LIN 1dooxe 7
103unok 10J OS[e ‘0LIN
> syuedronted pue 14 yoq
19p[o :dSVy 10} sapmyijdure
pue (I ‘sosnoy pue soroude]
WSudn > pajoaur Uo (+) PaIR[ALI0d
‘S90BJ PIJIOAUT AyS1y suimy
> y3udn :qSv 7N ‘393unok
£S9SNOY| pue SOJe] > syuedronied
pauoAur > jysudn 1opjo :duwe yead
- - - - - - dlL:asyv >dlL SOJB} < SOSNOH  pue je] SV Pue dL 910T “Te 30 sneqnoN
su :qSydn
< AUl
‘dloy ‘dL
<dSV AUl
'sa dnysu
fqoar <
dsy :09eq (-) Arowowr oe)
- - - — QO "sa 20eg su - - /MIOLINASY 00T T8 PUepIedON
0 ‘Aut > dn :qSVv
o ‘dn > aur (1,
:AUf sa dn
SU :S908,]
su :AUf 'sa dn alr<asy :fqo
SU :9SNOF] :[qo "sA 2oe]
Koudje| opmypdwry je] opmydury Koudje] opnyrdwry Kouoye] opnyrdury
00¢d 0STN 0LIN 001d suone[aLo) Teok oIy

pringer

(ponunuoo) g 3[qe],

Qs



533

Rev J Autism Dev Disord (2022) 9:521-554

‘aL<

< AUT :( L :AUJ 'SA

[eroos /m dure

- - - — dSV ums v su sudn su:lqQ 'sa doeg OLIN PUe 1d AL 110T “T& 10 UeW[I
su su - - - su su - €10T “Te 10 enlng
uonouw? Aq
N>4d dSv padsuanjur OLIN d.L 910T “Te 10 eleg
su :owryg ‘of su sy ¥'S'H
‘aL< < :gLowq ‘oJ su :owy "0f
- - - — dSV -uns v Su QL <dSV Wns[vV ‘dl>dsy uwns v - 10T “Te 10 Aneg
- - - — su su su su - €102 “Te 10 erjeordy
su :owrg ‘su
:}dSV "0} ‘quoniguosur su
< jJuonuSuod owq 'su SV "o}
- - - - su ‘dL-ezen/oury ‘HT1>HY AL su - 010T “[& 1 1YY
Surssaoold uonowd :qSy
SU IAUJ "SA AJowow 90eJ pue
dn su:lqo JIOTARYQq [BIO0S
SA 0B Su o] ‘dSV > Al e[ Su SV ‘sju ‘Kjarxue [e100s
sy ‘sju HY AUl "0 ‘dSV > ‘dn < Aur QL :AUT /M e[ pue dure
‘powr < e Al ‘powr HY :dn:Auf 'sadnsu [ SV RIOLIN
- - - - groumsq vy csadnsu:fqQ 'saeoeg su 300[qQ 'saeoey  ‘due 0LIN ASY T10T “T8 1 qQoMm
su
‘wreyun-urey
‘aL
o
‘HT1>HYd
‘wreyun-uIey SU [weyu)
‘asv ‘SA We ]
weyu) 0] ‘pour (+) uoneoTUNTU
‘SA We ] > 18] :dSV -wod [BI00S pue
oJ ‘al> su:qlL JOTARYQ( [BIO0S
- - — dSv-unsqy s v su su su QIA /4 dwe 05N 010T “T® 3@ 999M
SU ‘weyu)
‘SA We
-] ‘[qo<aoey SU [weyu)
sy ‘lqo ‘sA wey ‘[qo > odey
> 308} ‘@sy su:dlL :[qo
dl 9o "SA 908, 'SU :gSVYSJU
- - - - 'SA 0%  ‘HT>HY ‘dL ‘WS [V - - - 900T “T8 12 4Q9M
310011p
<JOAR ((JSV "MOAER
Koudje| opmypdwry je] opmydury Koudje] opnyrdwry Kouoye] opnyrdury
00¢d 0STN 0LIN 001d suone[aLo) Teok oIy

(ponunuoo) g 3[qe],

pringer

&H's



Rev J Autism Dev Disord (2022) 9:521-554

534

Surssaooid a0eJ 178

dasv>dl - dL>dsyv su - L10T “[e 9 Dlesewe x
- - - - su su su su - 800C “T8 10 Suopm
su :owdg L
<asv :qo su
:soeq QO (+) oze3
su:gsy v 'SA 908 "SJU ‘HY 9Kd /m 18] 0L IN
< Jd:glL-owy 'su < pmuu Sy ‘su {(-) IojoueIp
- - = - su :[qO sA 208y su @l wms [y ndnd /moe) 14 L €107 “Te 10 JouSepn
H>4°N
>V -dHav su-dld >N
+ dSVH ‘dHayv +dsv/asy (+) uoneorunw
<dIN< :owgsiu ‘qL<gHAV -WoJ [BI0S /M
- - - — v:asvsu:dL +dSVv/dSy wns [V - — Jyp owo dure £ IN ¥10T “Te 10 941,
(Suimelrp pue
ojoyd) saoey N
asv J0J J9)IOYS ‘Saoe)
> L Sumelq H/V denfeas
- - - - su - —  ‘dL>dSV:00yd 0} 1Y PMmOIs SV 10T “Te 10 Suos],
SUpPIYD SU-pPIYD
su :owg su :pIyD su :owg
0] ‘L < su owryg oy
dsy -wns [Iv o) ‘alL ‘AL < dsy ‘wns v
- - - - AOpy. < dSV Whs [V 3npy npy su su $00T “Ie 3 10uu0),0
Su :owgsu
fqoar <
dsyV -oeq
- - - — QO "sa 9oeg su su su - £00T “Te 10 Iouuo),0
- - - - su su - - - 110T “Te 32 2ouSeN
asv
> L ‘dnoi3 zz—81
- - - - asv>daL 0/KTz-81>0/7] ulo/A 7781 <0/KTl  O/A 781 <O/K Tl - L10T e 10 3sAn]
- - - - su su su su - 810T “Te 19 IpIeypon]
UuoneZ[LIde|
103uons QL
su Sy mord
-wl < UonIpuod
- - - - su yordur > yrordxg su nordxg:qL —  L10T "Te @ IpreponT
Su :owy ‘su
AU "SA (AjoAnoadsar ‘+
dn su:lqo su :owry ‘su pue —) uonru3od
"SA Q0B ‘Sju :dsy 'oj ‘dn pue IoIABYoq
Koudje| opmypdwry je] opmydury Koudje] opnyrdwry Kouoye] opnyrdury
00¢d 0STN 0LIN 001d suone[aLo) Teak “Toyiny

(ponunuoo) g 3[qe],

pringer

H's



535

Rev J Autism Dev Disord (2022) 9:521-554

> (L :ourqg "of

Su :owy ‘su ‘urej ‘umo > wejun su
weju) ‘sA 7S o) su :owry ‘su 10wy 'Su Wejup)
weyq of ‘AL ‘wrejun ‘wey > UMO  WBJU[) "SA We] "0 ‘SA weq ‘0 +)
- - - - <ZSumsiy ‘dL ‘wejup) 'SA weq ‘AL<ZS'Wos[V ~ ‘AL>ZSWis[V B[ OLIN /M1’ 1d LO0T “Te 39 [21eE)
- - - su - su - su su G102 “Te 10 Jouuarg
VAN
Su :yse) JOpud3 su :owy ‘su
‘LN < 23[Se) JOpudn) 0f Su 7S pare[npowt
— dosepown ‘qr - - - ‘AL < ZS 2yser owyg - own (L — L00T “Te 19 noipag
dLr
< 7S 08) 4
owrg
0} ‘AL <ZS
- - - - CHT WSV su - - SU 10T “Te 30 IRy
Furssaooxd wonowo 7§
Re
pajoAul
pue jy3udn S908j
- - - - 10JdL<ZS papeAUL 10} AL <ZS - - - 910¢ “e 10 Sueyz
su :7S ‘su ‘f[qo «dn
> AUT ‘908 (], ‘AU
'sadn :QOo AL
< 7S :20e] ‘Su +)
7S *[qo > doey JIOIARYDQ [BID0S
- - - - su ‘AL :[qO sA oorg - - /mdue o INZS T10T “Te 12 epouns],
daL<
7S :90e] pue [qQ "9oe}
<[QQ amoy ‘AL
< 7S :09e] pue su :dsoy
- - - - — [qO -o9e] < [qQ :o1u0IY) - — S su :wQ) Suo| 610C “Te 32 Angsifes
— - — — - oJ ‘L <ZS - - su 6002 “Te 10 BnsiuQ
su 17§ ‘[qo‘puey>ooe} (+) wroyrsny
:dl su:lfqo "dL Joudsod ¥ pue
- - - - — < ZS :e0eq :[qQ sa 206 - - /M due oLINZS 900T “Te 10 BnsiuQ
08) <
- - 90BJ + punos su 7S >dl su su su 9107 “Te ¥ NIy
AL > ZS J1p [qo-ooe
su [0
dL <ZS 9%eq
- - - - su :[qo 'sa ooe] su su su $007T “Te 10 UUBULLIDH
Koudje| opmypdwry je] opmydury Koudje] opnyrdwry Kouoye] opnyrdury
00¢d 0STN 0LIN 001d suone[aLo) Teak “Toyiny

(ponunuoo) g 3[qe],

pringer

Qs



Rev J Autism Dev Disord (2022) 9:521-554

536

su owryg HOo (-)
o su L o} ‘dL su:owyg (L <ZS ‘HToewo,| woydwAs 7S Sou
‘AL <7ZS:uwns(y ‘wns v su Su <ZS -Wns v 0J ‘AL <ZS -owryq su /M Ie[ OLIN PUe [d 010T “[e 19997
(+) woydwiAs
- - - - su su - — ZS/MIOLINZS LOOT “Te 19 397
(+) asop
paw pue woj)
-dwAs 7S (-) Sou
pue (+) sod /m
- - - - - su - — Jp ound dure ¢4 7S €10T “T8 19 ISo[o3|
SuZS ‘N
> owd ((qLowy YN
:q0 "ar < zs (+) UOISIOABTIXD
- - - - - HY 9e:[qQ 'sA ooeg - - /m dure 0L TN ZS T10T T8 19 BIeqLIy|
su :owr “0of ‘ASH oJ ‘ASH
> dSTHY ZS o) <dST:ASH<4Sd
‘ASTASH > 4S9 ‘H'1 N “ZS "0J “dST
‘ZS "0 ‘ASH > 4S9 ‘ASH < 4S9 A
‘HY ‘AL o) ‘ASTASH ZS SU:IN ‘dL o)
su su  su su su > 4S9 ‘HT1‘dlL su  ‘4SH < dST:4 ‘dL - S10T “Te 10 wry
su :owryq ‘o
Qe
-wRy>oew su:N "dL
7S ‘su < 7S g ‘H-owy ‘0f
- st — dl-wms v - ‘AL <7ZS wns [V - su su T10T “e 30 Sung
(+) snx
-A3 Terodway 1011
-adns T pue oy
su su - - su - su su  -1sny 3y /m dwe ¢ 5002 “Te 10 uojsuyof
(-st+)
su :owrqg ssouAys /m duwe
- - - - - 0 ‘AL < ZS 'wms [V - su O0LIN dL pue [d €10T T8 1 Byid[
Su :7S "pIoM>00e]
‘dL :plom ‘SA
908,] 'su 7§ "9oe} Jou
> oo0ey sod :qL "dL
- - - - - < 7S 1908} H owy - - - 10T “Te 19 zaueq]
- - = - - - su su su 10T T8 10 eymynyg
su 7S 'S‘H Su :owry ‘of -)
> J :L:owy ‘0f ‘Al ‘ZS-moT woydwAs 7§ sod
- - - - su ‘AL <ZSH su >7ZS-TH -Wns v /m dwe 0LINZS  900T “Te 10 e[jouedure)
7ZS>dL:d 'NH
<d:HT1ZS N‘H
Koudje| opmypdwry je] opmydury Koudje] opnyrdwry Kouoye] opnyrdury
00¢d 0SCN OLIN 001d suone[aLo) Teok oIy

(ponunuoo) g 3[qe],

pringer

H's



537

Rev J Autism Dev Disord (2022) 9:521-554

< 7S prouered ‘ql-owy ‘sju
--uou ‘syu ‘alL
‘AL<ZSwus v >7S ‘WS Iy

Su
:owg ‘0f ‘gL
- >7zswns [y

aLr

< 7S 008} § 0wy "0}
‘AL <7ZS wos v

Su 17§ "o0eJ

POYe}0I<I0R] PIEMIO]

‘dL 'dL<ZS‘H1

(-) woydwiAs 7S
—  Sou/m due ¢4 7S
(+) 3isey pue
() uorssaxdop
/M dwre ¢ ‘dure
€d /m dwe LN
{(—) woydwks
su 7S sod /m 0LIN ZS

(+) suorsnjap /m

¥00T “[e 39 oud)

L00T “Te 1 Aysiny,

- - - - su  ‘oze3 pajoAe Qoef N-J - —  Jip own dwe L[N S10T “Te R oS
Su :ZS "Sju ‘sn
-on13uod>snonIguoout
:dl :Apoq
- - = - su pue 098,] "Su :owrq su su - €107 “Te 10 WOy,
su 17§ al > 7S 908}
su lowyg V<AN‘H<AN:dAL v :dL>7ZS‘d‘v
aL ‘ourg ‘S TendrooQ ‘aL
- >7ZS wWnsqy - - - AL <ZS ‘wns [V - > 7S ‘pes [eRued su 810 T8 19 yeys
su
:owd oJ ‘AL
> 7S 19318)
908J H "0} ‘AL
> 7S ‘HT se
— ey wnsy  — - - su - - — 6002 “Te 10 0KoT-sowey
- ZS<dL'‘Nd - - - AL <ZS ‘d/H/S - - su 020 “Ie 12 eynspuQ
su :ouwrg ‘su :[qO ‘L Su :ouwry ‘Sju (+) Suruonoung
- - - - su < 7S :20eJ:[qO 'sA 908 ‘Al < 7ZS :wns [[v su [eqo[3 /m dwe (/[N 600 “Te 10 1yseAeqQ
Su:[S®ZSH
H <SS
> S €S@®ZSoJ pue ¢S@®ZS
TS'IS ‘dLo} ‘€S'TS
< ¢S ZSdlL >[S:S ZSdl
<¢S®ZS ‘H >¢S®ZS'H — - - - - - - T10T “Te 19 HON
suZS "A/v/4/H (+) 109[qo/208y
> QL :owy ‘su 0) dure
:[qO "sa ooey sju OLIN /A ot
- - - - su ‘AL <ZS ‘wns v - - oy dwe 0[N ZS 800T ‘AIngsifes 7 UuAg
su :ouwrg aL<
0J ‘orewr 7S “d0e) J/H H 01 orewr
< o[ewdy 17ZS THY ‘orewo g > ofewdf ‘HY AL
Koudje| opmypdwry je] opmydury Koudje] opnyrdwry Kouoye] opnyrdury
00ed 0STN 0LIN 001d Suone[eLon Jeaf “roymy

(ponunuoo) g 3[qe],

pringer

&H's



Rev J Autism Dev Disord (2022) 9:521-554

538

swoydwAs a1ow 1o doueuLojIad 19100d )M PAJR[OLIOd AOUSJe] 19)SBY 1O pMIUIew JoFIe]) UONE[ALI0D
oanedou — ‘(swoydwAs 1oma) 10 doueuriojrod 19)eaIS YHM PIJE[AIIod Aoudje] Jd)se) 10 opmyuSew Ja31e]) uoneorod danisod + ‘dnoid Surdofoasp Aqeord4y g7 ‘dnoid eruorydoziyos 7§ ‘pes § ‘posudins
Y aamisod sod 20[qo [go (Inwms 90Bj-UOU PUEB d98J SSOIOL JO9JJ2) 103J2 o11dads-00e] Jou sfi ‘AU Sau ‘fennau y ‘OnodAzouow Zpy ‘paweyse py ‘Aduore] vy ‘Addey g7 ‘(Inwums doj-uou oapnjoul
JOUu SO0p ApMys) J991J9 AJU0-098] 0f ‘Ied) ,f ‘UONOW ol OMOSAZIP 77 ‘pASnSsIp 7 ‘dnoid 1oprosip wnnoads wsnne gy ‘Opmidwe duw ‘dnoi3 1opiosip AanoerddAy-jogop uonuane qyqy ‘Aidue y

(s.dnoi3 7S oy ueyy dane3au a10w sem jusuoduwod (4 [N S.dnoi3 (1 oy 18y} sajedipur () [N 9y 10} (L < ZS “8-9) opmrudews 101ea1sd sajeorpur opmyijdue ofjews ‘sjusuoduwiod uros-0Ane3au 10§ 190N

Nd>H ZS ‘N =)
> J‘H :gL:owy "0J su :owy ‘o wojdwAs 7S Sou
- - - - - ‘AL < 7ZS ‘wos IV - ‘dL>7ZS:uwns v /M dwe 0L TN ZS 910 “Te 30 Sueqyz
su
oy ‘su Su :owry ‘Su
qQ 'sa lao
0B, 'SJU  'SA Q0B "SJU Su :oury ‘su
‘aL ‘aL O "sa oo 'sju
- — SU <ZSWhSIV  <ZS Whs [V ‘AL <7ZS wns v - - - €10T “Te 30 uukp
su :owg
su
:[qO "sa 2oeyg
SJu ‘qlL Su :owryg
- — Su <7ZS:wns [y su Su Sju ‘L <7ZS ‘wns [y su - 8007 Te 10 UuAp
(=) 3reos
QOUBWLIOJDJ
[e100g pue
[euosIod pue (+)
woydwAs 7S sod
- - - - - AL <ZS:wns vy - - /mdweoLIN ZS 020T “Te 10 Suepm
su 7S ‘H >
N> S ZS plo
su -uered-uoN ‘S
owry ‘sju ‘ZS >N>H
prouered‘q, 7S prouered
Koudje| opmypdwry je] opmydury Koudje] opnyrdwry Kouoye] opnyrdury
00¢d 0SCN OLIN 001d suone[aLon Teok oIy

(ponunuoo) g 3[qe],

pringer

Qs



Rev J Autism Dev Disord (2022) 9:521-554 539
a Amplitude b Latency
24 M OSignificant 24 OSignificant
o 2 " g 2 mNull
[} u (] u
‘.g 20 .g 20
& 18 & 18
_Eﬂ 16 _‘é“ 16
8 14 3 14
Q Q
S 12 S 12
o g
a 10 o 10
(] Q
s 8 S 8
w w
# 6 #* 6
4 4 H I
2 2
’ | 7om e | : | n [Im
ASD sz ASD sz ASD sz ASD sz ASD sz ASD sz ASD sz ASD sz
P100 N170 N250 P300 P100 N170 N250 P300
C Amplitude d Latency
16 OSignificant 16 OSignificant
3 14 mNull & 14 mNull
© el
> 3
s 1 2 1n
5 2
g 10 g 10
(9} (]
s 8 s 8
< o
o o
s s °
= =
g 4 g 4
w w
o I n I
0 o 1 M M H I
ASD sz ASD sz ASD sz ASD sz ASD sz ASD sz ASD sz ASD sz
P100 N170 N250 P300 P100 N170 N250 P300

Fig. 2 Number of studies reporting significant versus null findings. a Face processing studies reporting amplitude. b Face processing studies reporting
latency. ¢ Emotion processing studies reporting amplitude. d Emotion processing studies reporting latency

P100 Latency
P100 Latency in ASD: Face

Almost two-thirds of studies (14 of 22) did not find significant
differences between ASD and TD groups regarding P100 la-
tency to faces (Apicella et al., 2013; Cygan et al., 2014;
Hileman et al., 2011; Luckhardt et al., 2017; Luyster et al.,
2017 [child]; McPartland et al., 2011; O'Connor et al., 2005
[child]; 2007; Senju et al., 2005; Sysoeva et al., 2018;
Wagner et al., 2013; Webb et al., 2010; Webb et al.,
2012; Wong et al., 2008). Eight studies reported group
differences in response to facial stimuli. Two child and
two adult studies reported increased latency to faces in
ASD groups compared to the TD group (Batty et al.,
2011; Luyster et al., 2017 [adult]; Neuhaus et al., 2016;
O'Connor et al., 2005 [adult]). Of note, both Luyster et al.
(2017) and O'Connor et al.’s (2005) child samples did not
show differences between groups despite using the same
methods as in their adult samples, where P100 latency
delays were identified. A single study found shorter
P100 latencies to faces in adults with ASD versus TD
(Yamasaki et al., 2017). Two other child studies reported
group differences in lateralization, wherein P100 latency

was faster in the right versus left hemisphere in TD, but
this effect was absent in ASD (Akechi et al., 2010; Tye
et al., 2013). A final study showed shorter left hemisphere
P100 latencies present only in the ASD group (Shen et al.,
2017).

P100 Latency in ASD: Emotion

Twelve of 13 studies of emotion processing in ASD did not
report significant group differences between TD and ASD
groups in P100 latency sensitivity to emotion (Akechi et al.,
2010; Apicella et al., 2013; Hileman et al., 2011; Luckhardt
et al., 2017; Luyster et al., 2017 [child and adult]; O'Connor
etal., 2005 [child and adult]; 2007; Wagner etal., 2013; Wong
et al., 2008; Yamasaki et al., 2017). However, Batty et al.
(2011) reported that P100 was modulated by emotion in TD
children, but not in ASD.

P100 Latency in SZ: Face
Seven of 11 studies reporting P100 latency to face stimuli
reported no significant differences between SZ and TD groups

(Campanella et al., 2006; Fukuta et al., 2014; Herrmann et al.,
2004; Johnston et al., 2005; Kim et al., 2015; Liu et al., 2016;

@ Springer
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Thoma et al., 2013). The remaining studies reported longer
P100 latency in SZ groups compared to TD groups (Caharel
et al., 2007; Lee et al., 2010; Obayashi et al., 2009; Wynn
et al., 2008). None of these results are clearly face-specific,
however; two studies did not include control stimuli (Caharel
et al., 2007; Lee et al., 2010), and two found P100 latency
delays in SZ across both face and control stimuli (Obayashi
et al., 2009; Wynn et al., 2008).

P100 Latency in SZ: Emotion

Out of nine studies, eight reported no difference between P100
latency in SZ and TD groups in response to emotional faces
(Caharel et al., 2007; Campanella et al., 2006; Fukuta et al.,
2014; Johnston et al., 2005; Kim et al., 2015; Obayashi et al.,
2009; Thoma et al., 2013; Wynn et al., 2008). One study
reported sex-specific diagnostic differences in emotion pro-
cessing: in females, P100 in the left hemisphere was delayed
in SZ compared to TD when attending to happy faces (Lee
et al., 2010). Moreover, longer latency to happy faces corre-
lated with more negative symptomatology in SZ females. In
SZ males, there was no overall delay in P100 compared to the
TD group, and longer latency correlated with better perfor-
mance on a behavioral detection task for happy versus fear
faces.

N170 Amplitude
N170 Amplitude in ASD: Face

Since the initial report of N170 as a marker of atypical social
perception in ASD (McPartland et al., 2004), 29 studies have
examined N170 amplitude to faces in individuals with ASD,
with 13 reporting differences in face processing by diagnosis.
Of those 13, 6 studies (2 in children and 4 in adults) reported
attenuated amplitude in ASD compared to TD (Churches
et al., 2012b; Cygan et al., 2014; Groom et al., 2017,
O'Connor et al., 2005 [adult]; Tye et al., 2014; Webb et al.,
2012). Seven other studies reported differences in N170 re-
sponse to faces between ASD and TD groups, but these dif-
ferences were not always evident in direct statistical compar-
isons between groups (e.g., absence of lateralization in one
group without demonstration of a group by lateralization in-
teraction). One such study of children reported a typical face
inversion effect in TD but the opposite effect in ASD
(McPartland et al., 2011); conversely, another study found a
stronger inversion effect in ASD, though this finding was not
face-specific (Sysoeva et al., 2018). Three studies reported
right hemisphere lateralization in TD but lack of lateralization
in ASD (J. C. McPartland et al., 2011; Tye et al., 2013; Webb
et al., 2006). Three studies reported findings of N170 ampli-
tude differentiation between face stimulus types in TD but not
ASD (Akechi et al., 2010), active versus passive tasks in TD

@ Springer

but not ASD (Churches et al., 2010), and repeated versus
novel faces and objects in ASD but not TD (Key & Corbett,
2014).

Most studies reporting correlative analyses demonstrat-
ed associations between N 170 amplitude and autistic symp-
tomatology or social behavior. More negative N170 ampli-
tude to inverted faces correlated with better face recogni-
tion in children with ASD (McPartland et al., 2011) and
better social skills in adults with ASD (Webb et al.,
2012). Stronger overall N170 amplitude to faces was asso-
ciated with more typical social behavior in TD children
(though not in the ASD group; Hileman et al., 2011), and
increased right lateralization was associated with better so-
cial communication across both TD and ASD children (Tye
etal.,2013). Sixteen of the 29 studies of N170 amplitude
to faces in ASD did not find differences between diagnostic
groups (1 of children, 5 distributed across childhood into
adolescence, 2 of adolescents, 2 spanning adolescence into
early adulthood, and 6 of adults) (Apicella et al., 2013;
Batty et al., 2011; Churches et al., 2012a; Faja et al.,
2016; Grice et al., 2005; Hileman et al., 2011; Khorrami
et al., 2013; Luckhardt et al., 2017; Magnée et al., 2011,
McPartland et al., 2004; O'Connor et al., 2005 [child];
2007; Senju et al., 2005; Wagner et al., 2013; Webb et al.,
2010; Wong et al., 2008). Approximately half of these 16
studies did, however, find differences in N170 latency, re-
ported below. Of note, most of these studies did not instruct
participants to attend to the faces specifically but included
non-face targets to monitor attention. Only 4 of 16 studies
with null results required participants to attend to faces. In
contrast, all but one study (Webb et al., 2010) that reported
differences between ASD and TD groups required partici-
pants to actively attend to stimuli. Given evidence that
N170 amplitude is enhanced by attention (Churches et al.,
2010; Mohamed et al., 2009), this finding suggests that
differentiation of N170 amplitude emerges when the task
demands are most face-specific.

N170 Amplitude in ASD: Emotion

Eleven of 15 studies reported no significant difference in
N170 amplitude between ASD and TD groups during emo-
tional face processing (Apicella et al., 2013; Batty et al., 2011;
Hileman et al., 2011; Luckhardt et al., 2017; Luyster et al.,
2017 [child and adult]; Magnée et al., 2011; O'Connor et al.,
2005 [child and adult]; 2007; Wong et al., 2008). The remain-
ing four studies reported group differences. In two of these
studies, N170 amplitude was modulated by emotion in TD
groups but not in ASD groups (Akechi et al., 2010; Wagner
et al., 2013). One study found the opposite effect, showing
N170 amplitude modulation by emotion only in the ASD
group (Faja et al., 2016). This last finding is consistent with
one other finding in which ASD groups with and without
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comorbid ADHD showed increased N170 amplitude to neu-
tral relative to fearful faces, whereas amplitude in the TD
group was not modulated by emotional valence (Tye et al.,
2014). More negative N170 amplitude overall, as well as more
negative amplitude to fearful compared to neutral faces, cor-
related with better social communication skills across both TD
and ASD children (Tye et al., 2014). Contrary to patterns
detected among face processing findings, only one of these
four studies yielding group differences required participants to
attend to the emotional valence of the stimuli; the other two
required participants to attend to non-social target stimuli.
Likewise, four studies with null results tasked participants
with identifying the emotional valence of stimuli (O'Connor
et al., 2005 [child and adult]; 2007; Wong et al., 2008). Thus,
the degree to which explicit demands for attention to emotion
may contribute to N170 amplitude alteration in ASD for emo-
tion processing is less clear than for face stimuli.

N170 Amplitude in SZ: Face

Twenty-four out of 32 studies investigating N170 amplitude
to faces in adults with SZ reported significant differences in
face processing between diagnostic groups. In four of these
studies, amplitude to faces was smaller (less negative) in SZ
relative to TD, whereas amplitude to objects was not signifi-
cantly different between groups (Herrmann et al., 2004;
Obayashi et al., 2009; Onitsuka et al., 2006; Tsunoda et al.,
2012). One study observed N170 attenuation in SZ across
inverted face and non-face images (Zheng et al., 2016).
Another study showed right lateralization of N170 to low
spatial frequency compared to high spatial frequency of fear-
ful faces in SZ but no differentiation in TD groups (Kim et al.,
2015). Eighteen additional studies report attenuated N170 am-
plitude to faces in SZ relative to TD; however, across all these
studies, findings were not necessarily face-specific, as several
lacked non-face control stimuli (Bediou et al., 2007; Caharel
et al., 2007; Campanella et al., 2006; Jetha et al., 2013; Jung
et al., 2012; Kirihara et al., 2012; Lee et al., 2010; Onitsuka
etal., 2009; Onitsuka et al., 2020; Turetsky et al., 2007; Wang
et al., 2020; Zhang et al., 2016) and the remainder showed
main effects of group where N170 amplitude attenuation
spanned both face and non-face stimuli (Ibanez et al., 2012;
Liu et al., 2016; Lynn & Salisbury, 2008; Salisbury et al.,
2019; Shah et al., 2018; Wynn et al., 2013). Of note,
Salisbury et al. found this effect in both a group of patients
presenting with chronic SZ and a group presenting with their
first SZ-related hospitalization. A handful of studies report-
ed correlations between greater N170 amplitude to faces and
higher global functioning (Obayashi et al., 2009), less positive
SZ symptomatology (Campanella et al., 2006), more positive
SZ symptomatology and lower personal and social perfor-
mance scores (Wang et al., 2020), decreased shyness (Jetha
et al., 2013), higher social competency (Tsunoda et al., 2012),

and increased extraversion (Kirihara et al., 2012). Together,
these studies provide strong evidence for an association be-
tween more robust N170 response to faces and better social
and psychiatric functioning across both TD and SZ popula-
tions. Eight studies reported no significant differences in
N170 amplitude to faces between diagnostic groups
(Akbarfahimi et al., 2013; Brenner et al., 2015; Komlosi
et al., 2013; Lee et al., 2007; Ramos-Loyo et al., 2009;
Thoma et al., 2013; Tso et al., 2015; Wynn et al., 2008).
However, one found emotion-specific results that are detailed
in the following section (Thoma et al., 2013), and the second
found decreased N170 differentiation to facial angle as com-
pared to TD controls (Tso et al., 2015). These eight studies
have comparable methodologies and group demographics to
those studies that do detect group differences.

N170 Amplitude in SZ: Emotion

A number of studies (12 of 25) suggest altered N170 ampli-
tude during emotion discrimination in SZ compared to TD
(Caharel et al., 2007; Campanella et al., 2006; Ibanez et al.,
2012; Jung et al., 2012; Kirihara et al., 2012; Lynn &
Salisbury, 2008; Onitsuka et al., 2020; Shah et al., 2018;
Thoma et al., 2013; Tso et al., 2015; Turetsky et al., 2007,
Zhang et al., 2016). Four of these studies reported that TD
groups showed modulation of N170 amplitude based on emo-
tional valence, whereas SZ groups did not (Campanella et al.,
2006; Ibanez et al., 2012; Kirihara et al., 2012; Lynn &
Salisbury, 2008). Four studies reported attenuated N170 am-
plitude in SZ compared to TD to specific emotions, such as
disgust, sadness, and happiness (Caharel et al., 2007; Jung
et al., 2012; Onitsuka et al., 2020; Turetsky et al., 2007).
One found that N170 amplitude was differentially modulated
by emotion in SZ relative to TD: whereas in TD it was larger
for happy and fearful faces than for neutral faces, in SZ it was
larger for happy faces than for neutral or fearful (Zhang et al.,
2016). Another found emotion modulation, with neutral and
fearful larger in amplitude than happy and angry faces, in the
controls but on the SZ group (Shah et al., 2018). Additionally,
reduced left hemisphere N170 amplitude to fearful faces in
particular was correlated with severity of blunted affect in
patients. Two additional studies found group differences as a
function of more nuanced influences on emotion perception,
including larger left lateralized N 170 amplitude in fearful vs.
neutral averted-gaze faces in SZ (Tso et al., 2015), and en-
hanced N170 amplitude in TD, but not SZ, when the emotion
displayed in a stimulus differed from the stimulus emotion
proceeding it (Thoma et al., 2013).  Thirteen studies inves-
tigating N170 amplitude reported no significant differences
between SZ and TD in this ERP component during emotion
processing (Akbarfahimi et al., 2013; Bediou et al., 2007;
Colleen A Brenner et al., 2015; Jetha et al., 2013; Kim et al.,
2015; Komlosietal., 2013; S. Lee etal., 2007; S.-H. Lee et al.,
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2010; Obayashi et al., 2009; Ramos-Loyo et al., 2009; Wang
et al., 2020; Wynn et al., 2013; Wynn et al., 2008). These
studies have comparable population demographics and meth-
odologies to the studies above where differences were
detected.

N170 Latency

There were 32 studies of ASD that reported N170 latency.
Nineteen of these studies were performed in children, and 13
were in adults.

N170 Latency in ASD: Face

Of the 19 studies investigating N170 latency during face pro-
cessing in children with ASD, eight reported atypical temporal
processing in the ASD group. One study reported face-
specific delays in the ASD group compared to the TD group
(McPartland et al., 2011); another reported delayed latency to
faces compared to objects in the ASD group, contrasted with
faster latency to faces than objects in the TD group (Webb
et al., 2006); and four studies found slower N170 latency in
ASD compared to TD groups across both face and non-face
stimuli (M. Batty et al., 2011; Hileman et al., 201 1; Khorrami
et al., 2013; Luyster et al., 2017 [child]). A study by Gunji
et al. (2009) found delayed latency when comparing a child
ASD group to adult controls but not to child controls. One
study observed shorter N170 latencies in the left hemisphere
only in the ASD group across both social and nonsocial stim-
uli (Shen et al., 2017); this finding is in the opposite direction
than others, indicating faster N170 latency in ASD. Eleven
studies in children did not find significant between-group dif-
ferences in N170 latency to faces (Akechi et al., 2010;
Apicella et al., 2013; Grice et al., 2005; Luckhardt et al.,
2017; O'Connor et al., 2005 [child]; Senju et al., 2005;
Sysoeva et al., 2018; Tye et al., 2014; Tye et al., 2013;
Wagner et al., 2013; Wong et al., 2008). There were no ob-
servable differences in methodology or group characteristics
to account for variations in study findings (Table 1). In
adults, seven of 13 studies indicated atypical N170 latency
in ASD groups. Across two studies, faces elicited a slower
N170 latency in ASD compared to TD, while between-
group differences in N170 latency to object images were not
significant (McPartland et al., 2004; O'Connor et al., 2007); an
additional three studies also found N170 delays to faces, but
there were no non-social control stimuli in these experiments
(Luyster et al., 2017 [adult]; O'Connor et al., 2005 [adult];
Yamasaki et al., 2017). Two studies suggest a relation be-
tween N170 latency and clinical symptoms. McPartland
et al. (2004) found that, in ASD but not TD, slower N170
latency to both upright and inverted faces associated with
better face memory, suggesting that longer processing times
may confer improved behavioral performance. Though Webb
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et al. (2012) did not find deficits in N170 latency to upright
faces relative to either houses or inverted faces or replicate
McPartland et al.’s (2004) association between N170 latency
with face memory, faster N170 to upright versus inverted
faces was related to both better social skills and better face
memory. Two studies reported topographic differences in
N170 latency between ASD and TD. N170 latency to faces
was faster medially than laterally in TD (Webb et al., 2012),
but trending toward faster laterally than medially in ASD
(Webb et al., 2010). Finally, six studies of adults with ASD
found no significant between-group differences or differences
in lateralization in N170 latency to face stimuli (Churches
et al., 2012a; Churches et al., 2012b; Owen Churches et al.,
2010; Cygan et al., 2014; Magnée et al., 2011; Tseng et al.,
2015). A recent meta-analysis of face processing studies in
ASD indicated that, on average, N170 latency was delayed
in ASD relative to TD (Kang et al., 2018).

N170 Latency in ASD: Emotion

Fifteen of sixteen studies of children and adults converge in
reporting no emotion-dependent differences in N170 latency
between individuals with ASD and TD (Akechi et al., 2010;
Apicella et al., 2013; Batty et al., 2011; Hileman et al., 2011;
Luckhardt et al., 2017; Luyster et al., 2017 [child and adult];
Magnée et al., 2011; O'Connor et al., 2005 [child and adult];
2007; Tseng et al., 2015; Wagner et al., 2013; T. K. Wong
et al., 2008; Yamasaki et al., 2017). Seven of these studies
were of children only, two studies included both child and
adult groups, and four studies only included adults. Just one
study reported significant differences in emotion perception:
when taking ADHD diagnosis into account, Tye et al. (2014)
found a group by emotion interaction in which children with
ASD showed a longer N170 latency to angry faces than to
neutral faces and a shorter latency to happy faces than to
fearful faces, whereas children with ASD and comorbid
ADHD showed the opposite pattern and TD children did not
show any differences in N170 latency across emotions. This
finding suggests that a cross-diagnostic approach to identify-
ing neural indices of emotion processing may be more infor-
mative than studies restricted to one clinical group.

N170 Latency in SZ: Face

Eleven of 16 studies reported no difference in N170 latency
between diagnostic groups in response to face stimuli
(Campanella et al., 2006; Herrmann et al., 2004; Johnston
et al.,, 2005; Kim et al., 2015; Lee et al., 2007; Lynn &
Salisbury, 2008; Obayashi et al., 2009; Thoma et al., 2013;
Tso etal., 2015; Tsunoda et al., 2012; Wynn et al., 2008). The
remaining five studies found adults with SZ showed delayed
N170 latency to faces compared to TD controls. One of these
studies found these results for both upright and inverted faces
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(Zheng et al., 2016) and showed that N170 latency correlated
with both negative and general psychiatric symptoms in SZ
patients. However, because the other four studies either had no
control stimuli (Caharel et al., 2007; Lee et al., 2010; Wynn
etal., 2013) or saw main effects across both face and non-face
stimuli (Akbarfahimi et al., 2013; Caharel et al., 2007; Lee
et al., 2010), N170 delays in SZ are not necessarily face-
specific.

N170 Latency in SZ: Emotion

Eleven of 13 studies of emotion processing reported no
significant differences between SZ and TD in N170 laten-
cy modulation to emotional faces (Caharel et al., 2007,
Campanella et al., 2006; Johnston et al., 2005; Kim
et al., 2015; Lee et al., 2007; Lynn & Salisbury, 2008;
Obayashi et al., 2009; Thoma et al., 2013; Tso et al.,
2015; Wynn et al., 2013; Wynn et al., 2008). Two studies
reported a differential effect of emotional faces on N170
latency in SZ versus TD. In a passive viewing study,
adults with SZ showed a delayed N170 to fearful faces
relative to other emotional faces, whereas controls
displayed the shortest latencies to fearful faces
(Akbarfahimi et al., 2013). Investigating gender differ-
ences, Lee et al. (2010) reported emotion-specific differ-
ences between females, but not males, with SZ and TD: in
the right hemisphere, happy and fearful faces elicited a
delayed N170 in females with SZ compared to those with
TD. Slower N170 latency to happy faces in females with
SZ was also correlated with increased expression of neg-
ative SZ symptomatology. An earlier study from the same
group reported faster N170 latency to happy and neutral
faces was associated with increased positive and negative
SZ symptomatology, but found no significant differences
between groups (Lee et al., 2007); thus, examining
gender-specific effects may clarify the nature of process-
ing deficits and relations with clinical symptoms.

N250 Amplitude
N250 Amplitude in ASD: Face

Two studies in adults with ASD reported on N250 ampli-
tude, and both found significant, yet conflicting, group
differences. When viewing a series of neutral faces and
instructed to attend to a target face, relative to TD adults,
adults with ASD showed reduced N250 amplitude to tar-
gets (Churches et al., 2012a). Groups did not differ in
their N250 response to non-target faces. In contrast,
Webb et al. (2010) reported enhanced N250 amplitude
to both familiar and unfamiliar face stimuli in the ASD
group relative to TD adults. In the same study, N250
amplitude difference between familiar versus unfamiliar

faces was right lateralized in ASD, while it was uniform
across hemispheres in the TD group. Differing
methodologies across these two studies may have elicited
different main effects. The first used unfamiliar target faces
in an active viewing task demanding attention and facial
memory; the second used familiar faces in a passive viewing
task. Of note, Webb et al. (2010) also reported that increased
right lateralization of N250 to familiar versus unfamiliar faces
in the ASD group correlated with lower ADOS scores in com-
munication and social domains.

N250 Amplitude in ASD: Emotion

There were no studies of emotion processing in ASD that
reported N250 amplitude.

N250 Amplitude in SZ: Face

Three of eight studies of SZ measuring N250 amplitude to
faces reported group differences. Two of these studies report-
ed attenuated N250 in SZ groups relative to TD groups to both
face and non-face stimuli (Wynn et al., 2013; Wynn et al.,
2008). These studies used the same methodology, and the
authors noted that while their TD groups were different across
the two studies, their SZ groups were highly overlapping. A
third investigated sex differences and reported larger N250
amplitudes in males versus females with SZ when attending
to faces; this sex difference was absent in TD (Jung et al.,
2012). Overall, however, no between-group (SZ versus TD)
differences were significant. The remaining five studies did
not find significant differences in N250 amplitude between
groups (Brenner et al., 2015; Kim et al., 2015; Lee et al.,
2010; Liu et al., 2016; Turetsky et al., 2007).

N250 Amplitude in SZ: Emotion

Seven of the eight studies reported above used emotional
stimuli, but none found group differences in N250 amplitude
as a function of the emotional valence of faces.

N250 Latency

N250 Latency in ASD There were no studies of face or emotion
processing in individuals with ASD that reported N250
latency.

N250 Latency in SZ

There were five studies of face and emotion processing in SZ
that reported N250 latency; however, none found significant
group differences, either to faces overall or to emotional faces
specifically (Kimetal., 2015; Lee etal., 2010; Liu et al., 2016;
Wynn et al., 2013; Wynn et al., 2008).
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P300 Amplitude
P300 Amplitude in ASD: Face

Three of four studies of ASD reporting on P300 amplitude
detected differences between diagnostic groups, albeit in
conflicting directions. In two studies, familiar faces elic-
ited greater P300 than unfamiliar faces in TD children,
whereas this effect was absent in children with ASD
(Gunji et al., 2013; Gunji et al., 2009). In contrast, Key
and Corbett (2014) found enhanced P300 amplitude to
repeated faces in children with ASD relative to the TD
group. P300 amplitude was also greater to repeated faces
than to neutral stimuli in ASD but not TD. However, in
this study, the same pattern was seen for repeated objects,
suggesting the enhanced P300 effect during stimulus rep-
etition was not necessarily face-specific. When measuring
neural response to averted and direct eye gaze, there were
no significant differences in P300 amplitude between chil-
dren with ASD and TD to either stimulus type (Senju
et al., 2005).

P300 Amplitude in ASD: Emotion

There were no studies of emotion processing in ASD that
reported P300 amplitude.

P300 Amplitude in SZ: Face

Seven of 11 studies of SZ reporting on P300 amplitude de-
tected diagnostic differences during reception of facial stimuli.
In five of these studies, P300 amplitude was attenuated in SZ
relative to TD, although these results were either found across
both faces and control stimuli (Shah et al., 2018; Ueno et al.,
2004) or had no control stimuli (Onitsuka et al., 2020; Ramos-
Loyo et al., 2009; Turetsky et al., 2007). However, greater
P300 amplitude was correlated with lower negative SZ symp-
tomatology (Ueno et al., 2004) and better emotion identifica-
tion (Turetsky et al., 2007), suggesting its relevance for social
symptomatology specifically. In a study of sex differences,
while P300 amplitude was equivalent in TD males and fe-
males, females with SZ showed a larger P300 amplitude to
faces than males with SZ; overall, there were no between-
group differences with regard to P300 amplitude (Lee et al.,
2010). Finally, a study investigating effects of antipsychotic
medication reported that, relative to TD controls, the SZ group
showed attenuated P300 amplitude to faces, but only after
exposure to 12 months of medication (Mori et al., 2012).
Four studies reported no group differences in P300 amplitude
to faces (Bediou et al., 2007; Johnston et al., 2005; Jung et al.,
2012; Kim et al., 2015). There were no clear patterns among
results to indicate methodological or sample differences ac-
counting for this variability.
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P300 Amplitude in SZ: Emotion

Three of 11 studies of emotion processing reported significant
group differences in P300 amplitude to emotional faces in SZ.
When observing images of infant faces and objects, TD adults
showed the largest P300 amplitude to a crying infant face and
the smallest amplitude to a happy face (Ueno et al., 2004),
suggesting that an infant’s distress is most salient to TD adults.
In the SZ group as a whole, P300 amplitude was not modu-
lated by the emotional valence of the infant face; however,
when the SZ group was divided by subtype, adults with para-
noid SZ showed the same pattern as the TD group, while those
with non-paranoid SZ showed an inverted effect, with larger
P300 amplitude to happy than to crying faces. In a second
study, fearful adult faces elicited greater P300 amplitude than
neutral faces in TD adults tasked with attending to emotional
valence. There was no modulation of the P300 response by
emotion in the SZ group (Bediou et al., 2007). A third study
found that TD adults had higher P300 amplitudes to fearful
and neutral faces than the SZ group, but the groups responded
similarly to happy and sad faces (Onitsuka et al., 2020). The
remaining eight studies found no significant group differences
in emotion processing as measured by P300 amplitude
(Johnston et al., 2005; Jung et al., 2012; Kim et al., 2015;
Lee et al., 2010; Mori et al., 2012; Ramos-Loyo et al., 2009;
Shah et al., 2018; Turetsky et al., 2007).

P300 Latency
P300 Latency in ASD

Two face processing studies in ASD reported on P300 laten-
cy; neither found group differences (Gunji et al., 2013; Senju
et al., 2005). No emotion processing studies in ASD reported
on P300 latency.

P300 Latency in SZ

Three of five studies of face and emotion processing that re-
ported on P300 latency in SZ found group differences. Two
studies found delayed P300 in SZ compared to TD in response
to all stimuli, regardless of whether stimuli were faces or ob-
jects, or of the emotional valence of face stimuli (Lee et al.,
2010; Ueno et al., 2004). Latency differences were, however,
modulated by paranoia. Specifically, adults with non-paranoid
SZ showed longer P300 latency to faces than TD adults,
whereas individuals with paranoid SZ did not differ from the
TD group (Ueno et al., 2004). This pattern parallels the P300
amplitude finding from the same study. In a third study, adults
with SZ who had been medicated for 12 months showed de-
layed P300 latency to happy—but not neutral or sad—faces
relative to TD adults (Mori et al., 2012). In the same study, a
slowing effect of medication on P300 latency in SZ was



Rev J Autism Dev Disord (2022) 9:521-554

545

apparent: adults with SZ showed slower P300 latency after 12
months of medication compared to their responses while med-
ication-naive and medicated for a shorter, 3-month interval.
Two studies did not report group differences in P300 latency
(Johnston et al., 2005; Kim et al., 2015).

Discussion

Here we have reviewed the results of studies reporting on P100,
N170, N250, and P300 ERP components in response to neutral
and emotional face stimuli in individuals with autism spectrum
disorders and schizophrenia. Our review sheds light on patterns
of replicability in the literature and highlights multiple areas
marked by inconsistent findings and in need of further research.

For the P100, which reflects early stages of visual process-
ing, there is little evidence of amplitude or latency alterations
in ASD across face or emotion processing. Scattered findings
suggest that P100 amplitude may index neural processes rel-
evant to ASD, but primary P100 deficits are unlikely. As with
face processing, P100 latency does not seem to be a reliable
indicator of emotion processing differences between ASD and
TD groups. While P100 latency may index variability in speed
of low-level visual processing across groups, it does not cap-
ture behavioral differences in face or emotion processing be-
tween ASD and TD groups. In schizophrenia, there is similar-
ly little evidence for P100 amplitude or latency alterations
being effective indices of face or emotion processing deficits.

The N170, a well-studied index of face processing, was the
component most consistently demonstrating atypical neural
response across the two neurodevelopmental disorders. In
ASD studies, approximately 40% of all findings reported di-
minished amplitude and delayed latency to faces in ASD com-
pared to TD; however, several of these studies did not include
non-face control stimuli or found effects that were not specific
to faces. Two-thirds of the studies that found significant dif-
ferences required active attention to stimuli, whereas three-
quarters of the studies that found no significant differences
were passive viewing tasks. This distinction suggests that
N170 deficits in ASD are particularly prominent when atten-
tional demands are involved. There was little evidence of
N170 amplitude or latency reliably indexing deficits in emo-
tion processing in ASD. In studies of SZ, evidence for N170
latency delays to faces and differential N170 latency by emo-
tion was mixed. However, there was strong evidence of di-
minished N170 amplitude to both face and non-face stimuli,
indicating differences by diagnosis in early visual—but not
necessarily face-specific—processing. There was also strong
evidence of diminished N170 amplitude in SZ from studies of
emotion processing. In general, N170 amplitude was differen-
tially responsive to neutral versus emotionally valenced faces
in TD groups, whereas SZ groups did not tend to show this
specialization. This pattern may suggest that processing the

emotional content of faces, rather than just faces themselves,
may be most specifically atypical in SZ. Moreover, a recent
systematic review on the N170 in SZ noted that correlations
with clinical features were strongest in older individuals and
that abnormalities in electrophysiological findings are more
associated with more severe symptomatology (Murashko &
Shmukler, 2019). In contrast, early structural processing of
faces in general, more so than differentiation of particular
emotions, may be more consistently impacted in ASD.
However, the utility and reliability of the N170 as a biomarker
in ASD remain debated and experiment features such as sam-
ple size and effect size must be considered closely (Kang et al.,
2019; Vettori et al., 2019).

Across the N250 and P300 components, there are too few
studies in ASD to draw conclusions despite promising group
differences. Further research comparing N250 and P300 am-
plitude in ASD and TD, along with re-analysis of previously
published studies that did not include these components in
their original analysis, may help elucidate the neural under-
pinnings of atypical face and emotion perception. Many stud-
ies that measured N250 and P300 amplitude found group dif-
ferences in face perception, indicating that both components
may be understudied but promising leads for indexing social
cognition deficits.

In SZ, there is a slightly larger literature, but evidence for
diminished N250 and P300 amplitude to face stimuli is mixed.
N250 amplitude was attenuated to face, but not emotion, stim-
uli in approximately 40% of SZ studies, but N250 latency
appears to be unaffected. P300 amplitude to face stimuli ap-
pear to be more reliably affected, and P300 amplitude may
both mark symptom levels and be affected by medication
treatments. Though findings from a small sample of studies
suggest P300 latency may reliably index cognitive processing
deficits for both face and emotion stimuli in SZ, the relative
paucity of literature measuring P300 latency makes it difficult
to identify this component as a sensitive neural marker of
social cognition differences.

To expand both ASD and SZ literatures, given that ongo-
ing, continuous EEG is recorded before segmentation for ERP
analyses, it is likely that pre-existing data from studies
reporting on earlier components (e.g., P100 and/or N170)
could provide an opportunity to analyze N250 and P300 com-
ponents to test for group differences during face and emotion
processing. Such re-analysis of existing data may provide a
quick and efficient mechanism to address outstanding ques-
tions of whether later, attentional neural responses are impact-
ed in the context of reception of facial communication, partic-
ularly in ASD where existing data is more limited.

Accounting for Variability Across Studies

Variation in methodologies—such as stimulus design and
subject factors—may account for some of the inconsistencies
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among studies. Differences in low-level visual characteristics,
such as luminance, contrast, and color, can produce signifi-
cantly different waveforms (Rossion & Caharel, 2011,
Rousselet & Pernet, 2011), yet most studies did not provide
specific details on the low-level visual aspects of their stimu-
lus set. Likewise, there were many different types of stimuli
across studies. For example, while all studies included face
stimuli, the nature of these faces varied (i.e., upright vs.
inverted, familiar vs. unfamiliar, neutral vs. emotional, child
vs. adult). Moreover, faces were sometimes the sole stimuli
within a study paradigm, whereas other studies included non-
face conditions. Study design, such as the use of blocking by
stimulus type (e.g., face vs. non-face; neutral vs. emotional
faces) vs. randomly interspersing all stimuli, can affect ERPs
due to repetition and habituation effects (Bentin & Peled,
1990; Ravden & Polich, 1999), which few studies examined.
Importantly, many studies claiming group differences in face
processing did not include non-face control stimuli,
preventing conclusions regarding the specificity of reported
findings to faces.

Participant tasks varied widely across studies, from passive
viewing, to providing button-press responses to occasional
attentional control trials not included in later analyses, to pro-
viding task-relevant verbal responses to each trial. Variability
in task design yields inconsistencies in the nature and burden
of the cognitive load placed on the participant and may ma-
nipulate how intensely and/or consistently the participant is
attending to the stimuli. Unfortunately, there were very few
instances in which clear patterns of replicable vs. less consis-
tent findings were revealed as a function of particular aspects
of stimulus type, task design, or demands for participant at-
tention and task engagement. Finally, no studies in this review
monitored participant gaze with eye tracking; thus, while par-
ticipants were ostensibly looking toward the screen (based on
experimenter observations or attention monitoring tasks), gaze
was not directly measured.

Subject factors also may have contributed to variability
across studies. For example, not all studies matched clinical
and control groups by 1Q, making it difficult to ascertain
which observed differences were due to diagnosis versus
may have been driven by differences in cognitive functioning.
Moreover, most studies did not account for sex when
matching controls, and this variable may drive certain effects
or correlations in ASD and SZ groups, as highlighted by sev-
eral studies (Jung et al., 2012; Lee et al., 2010). ERP compo-
nents indexing face perception change in amplitude and laten-
cy over the lifespan (Batty et al., 2011; Itier & Taylor, 2004b),
yet, when comparing studies of ASD and SZ, we are limited
by the fact that most studies of ASD are in children, while all
studies of SZ are in adults. Participants in clinical groups,
especially SZ, were often medicated with psychoactive
agents. In their longitudinal investigation of the effects of
antipsychotic use on ERP waveforms, Mori and colleagues
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(Mori et al., 2012) reported changes in patients’ P300 ampli-
tude and latency between drug-naive and medicated time
points, and another study reported a positive correlation be-
tween medication dosage and P300 amplitude to emotional
compared to neutral faces (Komlosi et al., 2013). Many stud-
ies did not report on the medication status of patients, and still
others reported medication status but did not discuss testing
for correlations between ERP waveforms and medication dose
or controlling for medication status. Thus, effects of medica-
tion differences among participants and between clinical and
control groups could also contribute to variability in findings
across studies.

Variability in clinical profiles within participant samples
could also have affected results. With respect to subject char-
acterization, many studies did not report confirming ASD or
SZ diagnoses in the context of the study with an ADOS (for
ASD; Lord et al., 2012) or SCID (SCID, for SZ; First, 1995).
Lack of rigorous characterization of participants may mean
that some clinical groups were not composed entirely of par-
ticipants with gold-standard ASD or SZ diagnoses and/or may
have included individuals falling short of diagnostic threshold.
Many studies did not report level or severity or particular
profiles of symptomatology within patient samples, despite
the fact that ASD and SZ samples tend to be phenotypically
heterogeneous. With disorders that are behaviorally defined
(and which likely lump individuals with multiple different
etiological origins based on their symptoms; Happé et al.,
2006; Insel, 2010), re-grouping participants by subtypes or
symptom profile can be a helpful way of finding patterns.
Conducting correlations and regressions accounting for symp-
tom levels on well-validated measures like the ADOS (for
ASD; Lord et al., 2012) and Positive and Negative
Syndrome Scale (PANSS, for SZ; Kay et al., 1987), as well
as broader measures of symptoms that cut across diagnoses,
may help further clarify the association between clinical pro-
files and neural processing abnormalities. For example, when
dividing their SZ group into paranoid and non-paranoid sub-
groups, Ueno et al. (2004) found that the paranoid subgroup
showed similar P300 amplitude and latency to the TD group,
whereas the non-paranoid subgroup differed in P300 ampli-
tude to emotional faces and in latency to all stimuli. When
looking at the SZ group as a whole, however, these differences
were obscured.

Related to the need to carefully characterize and account
for variation in symptom profiles among participants is the
need to recruit large study samples in order to capture hetero-
geneity and enable statistical analyses that are adequately
powered to detect effects using covariates and regressions.
Among the studies highlighted in this review, 50% of studies
in ASD (18 of 38) and approximately 25% of those in schizo-
phrenia (8 of 36) had fewer than 15 participants per group.
Moreover, whereas nearly 25% of SZ studies (8 of 36) includ-
ed 30 or more participants per group, only approximately 10%
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of ASD studies (4 of 38) had sample sizes this large. Small
samples are particularly vulnerable to spurious or non-
generalizable findings (Button et al., 2013). Thus, it may be
the case that some of the inconsistencies across studies relate
to the relatively small sample sizes, particularly in the ASD
literature. Moving forward, recruiting large samples to enable
examination of more homogenous subsets of participants and
to allow for evaluation of the association between ERP com-
ponents and clinical traits measured in a continuous fashion
might help to explain differences among studies where sam-
ples can be quite variable. Performing meta-analyses will also
help to disentangle type two error due to small sample size
from biologically real effects (e.g., Fernandes et al., 2018;
Kang et al., 2018; Zheng et al., 2018).

Considerations for Future Research

This review of electrophysiological studies of face perception
in ASD and SZ indicates that the N170, and possibly the N250
and P300, hold promise as biomarkers indexing the integrity
of social perceptual systems across neurodevelopmental dis-
orders and for providing clues about underlying neural dys-
function within and across disorders. Several caveats for fu-
ture research emerge from these findings.

First, this review makes clear that alterations in the highlight-
ed ERP indices are not diagnostically specific. Similar patterns
of atypical processing at identical components were observed in
both ASD and SZ. This suggests that, consistent with the
RDoC framework, it may be most useful to evaluate the
underlying neural bases of neurodevelopmental disorders
in terms of specific, dimensionally measured processes re-
lated to function and dysfunction transdiagnostically, rath-
er than designing studies around a particular diagnostic
category. Although the reviewed evidence does not make
areliable case that any one particular ERP component may
be a consistent diagnostic biomarker, correlations with
symptomatology and key associated features (e.g., emotion
recognition) indicate promise with respect to other areas of
biomarker development. These include classifying individ-
uals into subgroups relevant to treatment selection (strati-
fication biomarkers), demonstrating the influence of an in-
tervention on a targeted neural system (target engagement
biomarkers), or offering short-term indication of interven-
tion effects on symptoms or underlying neural systems
(early efficacy biomarkers; McPartland, 2016). Our review
focused specifically on ASD and schizophrenia; however,
social cognition and these ERP components are germane to
multiple other psychiatric diagnoses (Feuerriegel et al.,
2015). Increased focus on transdiagnostic samples can pro-
vide greater clarity regarding the information these ERP
indices provide about the neural processes underlying
neurodevelopmental and psychiatric disorders.

As the variability in findings across existing studies makes
clear, it is necessary to carefully consider individual differ-
ences in participant characteristics, such as age, both within
and across diagnostic groups. Differences in findings reported
within ASD between child and adult samples and cross-
diagnostically between studies of ASD and SZ may reflect
differences in age-related characteristics of particular samples.
For example, some alterations in neural responses may be
more prominent in adults, reflecting later-onset difficulties or
premature developmental plateaus, whereas some may be
most notable in young children and resolve over time.
Future research on markers of social perception must either
constrain age ranges to reduce variability, conduct studies
with sufficient statistical power to co-analyze age effects, or
examine participant samples longitudinally to study the diver-
gence of particular neural responses as they relate to emer-
gence or amelioration of symptoms over time. Though age
effects are less germane to schizophrenia, a disorder most
commonly occurring in adulthood, whether alterations in
ERP response to face stimuli are present in prodromal phases
is an important question. Moreover, as other factors such as
cognitive ability are also demonstrated to influence ERP indi-
ces, these characteristics must be considered and controlled,
either statistically or through reduction of sample heterogene-
ity. Finally, prioritization of exploring hypotheses in large
participant samples, either within individual studies or by
harnessing “big data” sources, such as the National Institute
of Mental Health’s RDoC or NDAR data repositories (data-
archive.nimh.nih.gov), will maximize the probability of
detecting robust, clinically meaningful, and replicable
findings.

Studies will benefit from increased consistency and method-
ological rigor in both experimental design and equipment.
Based on existing data, it cannot be determined to what degree
differences in EEG data recording and processing methods (e.g.,
high versus low impedance EEG systems, electrode density,
choice of scalp topography for component extraction) contrib-
uted to the diversity of results. Similarly, research on social
perception must include appropriate control stimuli. In the re-
search reviewed here, in some cases, inference was limited by
omission of non-face stimuli, stimuli matched for low-level vi-
sual features, and, in studies of emotion, both neutral/natural and
emotional faces. Because many studies focused exclusively on
social stimuli, it was often impossible to determine whether
reported anomalies reflected specific difficulties in social brain
circuitry or more general problems with object perception.

Many of these principles have been recognized by re-
searchers and funding agencies, and within-disorder studies
incorporating these features are in progress. Though not in
the context of electrophysiological markers, the schizophrenia
field recognized more than a decade ago with the MATRICS
initiative the importance of identifying reliable markers and
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developing standardized batteries of cognitive tests for use in
diagnosis and assessing treatment outcomes (Marder &
Fenton, 2004). The autism field has more recently begun pro-
moting a similar agenda, with increased focus on the potential
utility of electrophysiological biomarkers for capturing het-
erogeneity and predicting treatment. To this end, the Autism
Biomarkers Consortium for Clinical Trials (www.
asdbiomarkers.org) is evaluating a battery of EEG and eye-
tracking social-communicative biomarkers in a large, rigor-
ously characterized sample of children with ASD, with careful
attention to participant characteristics, meticulous control of
stimulus, task, and EEG recording parameters across sites, and
a longitudinal component to provide information about devel-
opmental effects. Likewise, the European Autism
Interventions — A Multicentre Study for Developing New
Medications (EU-AIMS; Murphy & Spooren, 2012) is inves-
tigating similar markers, as well as those from additional bio-
marker domains, such as functional magnetic resonance im-
aging (fMRI). Although these initiatives are focused on single
disorders, their scope and thoroughness are likely to advance
understanding of the practical utility of ERP indices of face
perception for developing novel interventions and guiding
clinical trials.

Finally, the scarcity of studies including multiple diagnos-
tic categories within the same project highlights the urgent
need for transdiagnostic work if we are to better understand
the specificity versus universality of particular alterations in
brain responses to individuals with neurodevelopmental dis-
orders. Thus, moving forward, it is imperative to include both
individuals with ASD and SZ—and potentially those with
other neurodevelopmental or psychiatric disorders or sub-
threshold traits—within a single study sample and to measure
dimensional traits associated with both disorders across all
participants. Studying children or adults at biological risk of
ASD or SZ (i.e., siblings, parents, children of affected indi-
viduals) to see whether those at risk show altered neural re-
sponse and/or behavior would also provide important infor-
mation about intermediate phenotypes and risk states as they
relate to brain functioning and clinical profiles. In addition,
studies with a longitudinal design and an intervention
(targeting either face or emotion processing circuits) may help
better parse out causally relevant effects across diagnostic
categories.

In summary, both the inconsistencies in findings within
ASD and SZ samples and the overlap between findings across
ASD and SZ samples make a clear case for the need to con-
sider symptomatology in a dimensional fashion when design-
ing studies and analyzing results in search of biologically
meaningful and behaviorally relevant markers of face and
emotion processing. Taking a cross-diagnostic, the RDoC ap-
proach allows for both direct comparison across diagnoses
and more detailed sub-grouping or correlations featuring di-
agnostically cross-cutting, categorically agnostic phenotypic
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traits. In addition, this type of study would also allow for
clinical characterization to be made along a continuum, rather
than imposing an artificial dichotomy (i.e., clinical vs. TD).
By taking this approach, future research can address whether
and how each categorical disorder (or subset of individuals
within a disorder) shows a unique neural signature of altered
reception of facial communication, versus whether some al-
terations in ERP markers of face and emotion processing are
reflective of broad clinical impairment in social functioning
versus diagnosis or trait-specific pathology. In so doing, re-
search will begin to make more effective headway toward
understanding the complexity of distinct versus overlapping
etiologies of associated neurodevelopmental disorders, which
will in turn position the field to accumulate the precision and
replicability of findings needed to develop more targeted treat-
ment approaches.
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