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a  b  s  t  r  a  c  t

Face  recognition  – the  ability  to  recognize  a person  from  their  facial  appearance  – is  essential  for  normal
social  interaction.  Face  recognition  deficits  have  been  implicated  in  the  most  common  disorder  of  social
interaction:  autism.  Here  we  ask:  is face  identity  recognition  in fact  impaired  in  people  with  autism?
Reviewing  behavioral  studies  we find  no strong  evidence  for a qualitative  difference  in  how  facial  identity
is processed  between  those  with  and  without  autism:  markers  of  typical  face  identity  recognition,  such
as  the  face  inversion  effect,  seem  to  be present  in  people  with  autism.  However,  quantitatively  –  i.e., how
well  facial  identity  is  remembered  or discriminated  – people  with  autism  perform  worse  than  typical
individuals.  This  impairment  is  particularly  clear  in face  memory  and in  face  perception  tasks  in  which  a
delay intervenes  between  sample  and  test,  and  less  so  in tasks  with  no memory  demand.  Although  some
evidence  suggests  that this  deficit  may  be  specific  to faces,  further  evidence  on  this question  is  necessary.
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1. Introduction

Deficits in face recognition are widely argued to be important
for or even at the core of the social impairments of people with
autism spectrum disorders or ASD (Dawson et al., 2005; Schultz,
2005). However, the literature on this topic (Dawson et al., 2005;
Golarai et al., 2006; Jemel et al., 2006; Marcus and Nelson, 2001;
Pierce and Courchesne, 2000; Sasson, 2006; Simmons et al., 2009)
is mixed. Here, we attempt to make sense of the apparent inconsis-
tencies in the literature, focusing on one aspect of face perception,
the recognition of facial identity (for a recent review on the recog-
nition of emotional expressions see Harms et al., 2010). Potential
deficits in face identity recognition are of particular importance
because (in contrast to deficits in facial emotion recognition) they
are not part of the diagnostic criteria for autism. Thus, here we ask:
does the current scientific literature demonstrate a true deficit in
face identity recognition in people with autism compared to typical
individuals? And if so, what is the precise nature of that deficit? Is
it specific to faces, or, is it part of a more general deficit in object
recognition? Is it a deficit in perceptual discrimination, or memory,
or both?

The answers to these questions are important for understand-
ing the etiology and treatment of autism. If recognition of faces
is indeed impaired in autism, it will be important to determine
whether these deficits play a fundamental causal role in autism by
leading to other aspects of the cognitive phenotype. That is, might
deficits in face recognition in part cause broader deficits in social
cognition? If so, then training better face recognition skills may  lead
to improvements in other cognitive abilities. Alternatively, deficits
in face recognition might be consequences, not causes, of other cog-
nitive deficits. In this case, training face recognition will not address
the broader cognitive profile in autism. The first question, though,
is whether the widely claimed deficit in face recognition is real, and
if so, what is the precise nature of that deficit.

To answer these questions we distinguish between qualitative
and quantitative differences in face identity recognition (McKone
et al., 2009) between people with and without ASD. Qualitative
differences refer to how facial identity is remembered or discrimi-
nated in people with and without ASD. To evaluate whether people
with ASD process faces in the same way as typical participants, we
first report on studies that test whether people with autism show
the typical “face markers” – known psychophysical effects that are
found only or more strongly for faces than for non-face objects, and
that indicate “typical” face identity recognition. Examples of these
face markers are the face inversion effect (Yin, 1969) and the com-
posite effect (Young et al., 1987). Absent or reduced face markers
in people with ASD would indicate qualitative differences in face
identity recognition. Second, we review studies that test for quan-
titative differences in face identity recognition, i.e., how well facial
identity is discriminated or remembered in people with and with-
out ASD compared to typical individuals. Note that qualitative and

quantitative differences in face recognition may  occur indepen-
dently from one another or jointly.

1.1. Inclusion/exclusion criteria for the review

Most prior studies and reviews on face recognition in ASD cite
only a subset of the relevant literature. To avoid this problem, we
invested considerable effort to conduct a comprehensive review.
Specifically, we searched for all studies published through April
2011 that contained experiments on face identity recognition
(including the face markers) on participants with ASD on PubMed,
the Web  of Science and the database of The National Autistic
Society. Although this review is intended to be all-encompassing,
we excluded studies or subparts of them if either: (1) they targeted
participants who  did not meet all criteria for autism spectrum
disorder or ASD or (2) they lacked proper statistics or prerequi-
sites for such statistics. Throughout the review we  explain the
appropriate statistical tests necessary for demonstrating group
differences between participants with versus without ASD, and
we evaluate studies accordingly. Appendix A lists all the excluded
studies and reasons for their exclusion. We  included studies
testing individuals with all diagnoses along the whole range
of ASD including autism, Asperger’s syndrome, and pervasive
developmental disorder not otherwise specified (PDD-NOS). We
realize that the criteria for diagnosing ASD have changed (and
are changing, see the current debate on the revision of the DSM
http://www.dsm5.org/ProposedRevision/Pages/proposedrevision.
aspx?rid=94). Therefore, we  report participants’ diagnoses and
the diagnostic criteria in extensive tables. Additionally, these
tables provide detailed information on the experiments such as
the criteria used for matching ASD and typical groups, number
and age of the participants, the type of experimental paradigm, an
assessment of the memory and perceptual demands of the tasks,
and statistical results. The main findings of this review are shown
in summary Figs. 1 and 2.

2. Face markers

In this section, we ask how people with ASD process faces, or
more precisely if people with ASD process faces in the same way
typical people do. Several well-known behavioral phenomena, such
as the face inversion effect (discussed below) have been treated as
“signatures” of typical face identity recognition. Other “face mark-
ers” demonstrate that we typically integrate information from the
different face parts in a way that leads to the perception of a face
“as a whole”. Some researchers have argued that it is this holistic
or configural aspect of face perception that might be compromised
in ASD (Dawson et al., 2005; Gauthier et al., 2009). Because face
markers are stronger for faces compared to non-face object cate-
gories, and developmental studies have shown that all face markers
are present at the earliest age measured (McKone et al., 2009), the

http://www.dsm5.org/ProposedRevision/Pages/proposedrevision.aspx?rid=94
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Fig. 1. Studies on markers of typical face processing. Number of studies finding same
(blue), mixed (purple) or worse (red) performance of people with ASD in comparison
to  typical individuals for seven prominent markers of typical face processing. Few
studies find differences between ASD and typical participants; important hallmarks
of  typical face perception – e.g. the face inversion effect – seem to be intact in most
people with ASD. The results of one additional study for the face inversion effect were
uninterpretable. Please refer to the text and Tables 1 and 2 for detailed information
on  these studies. (For interpretation of the references to color in this figure legend,
the reader is referred to the web  version of the article.)

presence of face markers is indicative of a typically functioning face
processing system. When typical face processing is impaired – as in
developmental or acquired prosopagnosia – face markers are weak
or absent (Busigny and Rossion, 2010; Ramon et al., 2010). Evaluat-
ing whether face markers are present in people with ASD will thus
allow us to assess whether their face perception system works in
the same way as the face perception system in typical individuals.

2.1. The face inversion effect

The best-known hallmark of typical face perception is the face
inversion effect: face recognition is more accurate when faces are
presented (and tested) upright than inverted. The inversion effect
is larger for faces than for any other object category (Yin, 1969),
and hence is most accurately called a “disproportionate inversion
effect”. A number of studies have tested participants with ASD on
upright and inverted faces (see Table 1). We  divided these studies
into 1) studies that set out to investigate the face inversion effect
directly (Hobson et al., 1988; Lahaie et al., 2006; Rose et al., 2007;
Scherf et al., 2008), 2) studies that investigated other aspects of

face identity perception (e.g. sensitivity to spacing changes), but in
that used upright and inverted faces (Faja et al., 2009; Joseph and
Tanaka, 2003; Langdell, 1978; Nishimura et al., 2008; Riby et al.,
2009; Rouse et al., 2004; Rutherford et al., 2007), and 3) studies that
tested the effect of face inversion on other tasks, e.g. on emotional
labeling (Bar-Haim et al., 2006; Falck-Ytter, 2008; Rosset et al.,
2008; Tantam et al., 1989; van der Geest et al., 2002). Although
these latter studies did not investigate face identity recognition,
we included them because others have cited them as addressing
the face inversion effect. One additional study was excluded from
the review (Bookheimer et al., 2008; see Appendix A).

2.1.1. Statistical criteria
To demonstrate that participants with ASD do not show a face

inversion effect (or do so to a significantly lesser extent) than typ-
ical individuals (T), a statistically significant interaction between
group (T, ASD) and face orientation (upright, inverted) is necessary.
Even stronger evidence would come from a triple interaction, the
observation of a larger disproportionate inversion effect for faces
compared to other object categories (e.g. shoes), for T versus ASD.

2.1.2. Studies investigating the face inversion effect directly
Four studies have investigated the face inversion effect directly;

three of these showed an inversion effect in ASD, and one did
not. In one study, Hobson et al. (1988) used a card-sorting task,
in which participants had to match either face identity or emo-
tional expression. Participants were tested on upright faces during
their first session. At a second session a few days later, they were
tested on inverted faces and performed the same matching task
on the same stimuli. Both adolescents with ASD and the CA- and
NVMA-matched typical individuals showed a face inversion effect
in within-group statistics. However, authors do not report whether
there is an interaction between group and stimulus orientation.

Lahaie et al. (2006) investigated the disproportionate inversion
effect, using Greebles and faces and testing adults with and without
autism. Between-group statistics on the accuracy (but not RT) data
found a significant 3-way interaction of group × orientation × type
of stimulus. This finding, however, appears to primarily result
from the typical participants not showing a face inversion effect
in accuracy (although they show an inversion effect in the RT data).
Nonetheless, the adult ASD participants do show the expected
disproportionate inversion effect, both in accuracy and RT. There-
fore, Lahaie et al.’s study does not support a qualitative difference
in face recognition between people with and without autism.

Fig. 2. Face identity recognition. Number of studies finding same (blue), mixed (purple) or worse (red) performance of people with ASD in comparison to typical individuals
in  tasks on face identity recognition. Evident are deficits in face memory (demonstrated in the experimental as well as standardized face recognition tests and in perceptual
tests  when they contain a stronger memory demand) and fine-grained perceptual discrimination of eyes. Note that studies using standardized face recognition tests are
counted in the respective sections “Face memory” and “Simple face perception” as well as reported separately (marked by the dashed line). Note also that for fine-grained
face  perception, the mixed results can be resolved by looking at eye versus mouth perception separately. Please refer to the text and Tables 3 and 4 for detailed information
on  these studies. (For interpretation of the references to color in this figure legend, the reader is referred to the web version of the article.)
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Table 1
Studies on the face inversion effect.

Study Diagnosis N Age group Mean age Task Memory demand Perceptual demand Between-group-statistics

Bar-Haim et al.
(2006)

ASD (DSM-IV,
ADI-R, ADOS)

12 CHI 10.2 Detecting a dot on a
face

– – Group (ASD, T) × orientation (upright,
inverted) interaction was  not significant.

T  (CA, VMA,
NVMA)

12 10.2

Faja et al.
(2009)

ASD (DSM-IV,
ADI-R, ADOS)

39 ADU 24.0 Delayed 2AFC
match-to-sample

Low; 1 s ISI Low; identical image
(or part of image)

Group (ASD, T) × orientation (upright,
inverted) was not significant (p nr). Main effect
of orientation (upright > inverted) was
significant (p < .001).

T  (CA, VMA,
NVMA)

33 24.6

Falck-Ytter
(2008)

ASD (ADI-R,
ADOS)

15 CHI 5.2 Passive viewing No task No task Group (ASD, T) × orientation (upright,
inverted) was not significant (p nr). ASD: main
effect orientation (upright > inverted) was
marginally significant (p = .056). T: main effect
orientation (upright > inverted) was marginally
significant (p = .054).

T  (CA) 15 4.9

Hobson et al.
(1988)

ASD (Rutter)
T

17 ADO/ADU 19.0 Sorting Negligible;
simultaneous
presentation

Medium; across
emotional expression

No between-group statistics were performed.
ASD: main effect of orientation
(upright > inverted) was significant (p < .01). T:
main effect of orientation (upright > inverted)
was significant (p < .001).

17  18.1

Joseph and
Tanaka (2003)

ASD (ADI-R) 22 CHI 10.9 Delayed 2AFC
match-to-sample

Low; 0 ISI Low; identical image
(or part of image)

Group (ASD, T) × orientation (upright,
inverted) interaction was  not significant (p ns),
but main effect of orientation
(upright > inverted) was significant (p < .001).
Group (ASD, T) × orientation (upright,
inverted) × feature (eye, mouth) interaction
was significant (p < .01). ASD: main effect
orientation (upright > inverted) was significant
for mouths (p < .01), but not eyes (p ns). T:
main effect orientation (upright > inverted)
was significant for mouths (p < .05), and eyes
(p  < .01)

T  (CA, VMA,
NVMA)

20 10.8

Lahaie et al.
(2006)

ASD (ADI-R,
ADOS)

16 ADO/ADU 20.7 Delayed 2AFC
match-to-sample

Low; 24 ms ISI Low; identical image Group (ASD, T) × orientation (upright,
inverted) × type of stimulus (faces, greebles)
was significant in accuracy (p < .025,) but not in
RT (p > .09). Group (ASD, T) × orientation
(upright, inverted) was significant for faces
(p  < .045), but not for greebles (p > .3). ASD:
main effect orientation (upright > inverted)
was significant (p < .045). T: main effect
orientation (upright > inverted) was not
significant (p > .1).

T  (CA, VMA,
NVMA)

16 20.3

Langdell (1978) ASD (Rutter) 10 CHI 9.8 Identify peer Not controlled;
probably very high
depending on when
peer was last seen

High: ‘real’ peer vs.
photograph

Not performed
T  (CA/MA/CA,
MA)

10 5.6/9.6/9.8

ASD (Rutter) 10 ADO 14.1
T (CA/MA/CA,
MA)

10 8.1/13.6/13.7

Nishimura
et  al. (2008)

ASD (ADI-R,
ADOS)

17 ADU 20.6 Simult. same–different Negligible;
simultaneous
presentation

From low to high
depending on
displacements

Group (ASD, T) × orientation (upright,
inverted) was not significant (p = .25), but main
effect of orientation (upright > inverted) was
significant (p < .01).

T  (CA, VMA,
NVMA)

17 21.6

Riby et al.
(2009)

ASD (DSM-IV,
CARS)

20 CHI/ADO 14.8 Simult. 2AFC
match-to-sample

Negligible;
simultaneous
presentation

Medium; across pose Group (ASD, T1, T2, T3) × orientation (upright,
90◦ , inverted) was not significant (p nr). Main
effect of orientation (upright > 90◦ > inverted)
was significant (p .001). Main effect group was
significant: ASD performed worse than T
(p < .001).

T1  (CA) 20 14.9
T2 (VMA) 20 6.5
T3 (NVMA) 20 7.9



1064
 

S.

 W
eigelt

 et

 al.

 /

 N
euroscience

 and

 Biobehavioral

 Review
s

 36

 (2012)

 1060–1084

Table 1 (Continued)

Study Diagnosis N Age group Mean age Task Memory demand Perceptual demand Between-group-statistics

Rose et al.
(2007)

ASD (DSM-IV) 16 CHI 10.3 Delayed
same–different

Low; 500 ms ISI Low; identical image Group (ASD, WS,  T) × orientation (upright
neutral, upright affect, inverted neutral)
interaction was significant (p < .0001). ASD:
main effect orientation (upright > inverted)
was not significant (p nr). WS:  main effect
orientation (upright > inverted) was significant
(p nr). T: main effect orientation
(upright > inverted) was  significant (p nr).

WS  (VMA) 19 ADU 26.2
T  (CA, NVMA) 17 CHI 10.0

Rosset et al.
(2008)

ASD (DSM-IV,
ADI-R)

20 CHI 9.5 Categorize picture as
happy/not-happy

No Difficult to determine Group (ASD, T1, T2) × orientation (upright,
inverted) interaction was not significant (p nr),
main effect group (ASD, T1, T2) was not
significant (p > .05), but main effect orientation
(upright > inverted) was  significant (p < .001)
ASD/T1/T2: all main effects of orientation
(upright > inverted) were significant (p < .001).

T1  (CA) 20 9.6
T2  (MA) 20 8.0

Rouse et al.
(2004)

ASD (ICD-10) 11 CHI 9.6 Odd-one-out Negligible;
simultaneous
presentation

Difficult to determine Group (ASD, T) × orientation (upright,
inverted) interaction was not significant (p nr).
Orientation (upright, inverted) × stimulus type
(face, house) was significant (p < .01). Main
effect of orientation (upright > inverted) was
significant (p < .01).

T  (CA, NVMA) 15 9.4

Rutherford
et  al. (2007)

ASD (ADI-R,
ADOS)

16 ADO/ADU 19.6 Odd-one-out Negligible;
simultaneous
presentation

From low to high;
depending on
displacements

Group (ASD, T) × orientation (upright,
inverted) was not significant for eyes (p < ns)
nor for mouths (p < ns).T  (CA, NVMA) 19 24.3

Scherf et al.
(2008)

ASD (ADI-R,
ADOS)

15 CHI 11.0 Delayed 2AFC
match-to-sample

Low; 1 s ISI Low; identical image Group (ASD children, ASD adults, T children, T
adults) × orientation (upright, inverted)
interaction was not significant (p nr), only
main effects of orientation (upright > inverted),
age (adults > children) and group (ASD, T) were
significant: ASD performed worse than T.

T  (CA, VMA,
NVMA)

15 CHI 12.0

ASD (ADI-R,
ADOS

15 ADU 32.0

T (NVMA) 15 ADU 22.0

van der Geest
et al. (2002)

ASD (DSM-IV,
ADI-R)

16 CHI 10.8 Passive viewing No task No task Group (ASD, T) × orientation (upright,
inverted) interaction was significant (p < .05).

T  (CA, VMA,
NVMA)

13 9.9

Note: Mean age is in years. Memory demand was  assessed on a five-point scale from negligible (simultaneous presentation), over low (0–2 s delay), medium (2 s to 1 min delay), high (1–5 min  delay), to very high (>5 min
delay).  Perceptual demand was assessed on a three-point scale from low (matching identical images), over medium (matching across one dimension, e.g. pose), to high (matching across two dimensions, e.g. pose and lighting).
Abbreviations (other than in Appendix A): ADO: adolescents; ADU: adults; CHI: children; ISI: interstimulus interval; p nr: p not reported; p ns: p not significant.



S. Weigelt et al. / Neuroscience and Biobehavioral Reviews 36 (2012) 1060–1084 1065

Consistent with this conclusion, Scherf et al. (2008) also found
robust face inversion effects in children and adults with ASD and
their respective CA- and IQ-matched typical groups. The interaction
between group and orientation was not significant.

Only one published study – Rose et al. (2007) – reports the lack
of a face inversion effect in children with ASD. Participants were
instructed to perform a sequential same/different discrimination
task where the two faces were presented either upright or inverted.
Between-group statistics revealed a significant group × orientation
interaction. However, the “group” factor consisted of three groups,
a group of children with ASD, a group of typical children, and a
group of adults with Williams syndrome and the “orientation” fac-
tor consisted of three orientation conditions, upright neutral faces,
upright emotional faces and inverted neutral faces. These compli-
cations render the interaction difficult to interpret. Indeed, direct
comparisons revealed that neither the upright nor the inverted con-
ditions showed a significant difference between ASD and typical
participants. Only the within-group statistics showed that children
with ASD performed as well in the inverted as they did in the
upright conditions (thus showing no face inversion effect), while
typical children and adults with Williams syndrome performed
worse in the inverted than the upright condition.

In summary, three out of four studies directly studying the
face inversion effect, including one study on the disproportion-
ate inversion effect, show that participants with ASD do exhibit
face inversion effects. The one study that claimed not to find a face
inversion effect in their ASD sample (Rose et al., 2007) did not report
strong statistical tests of that claim.

2.1.3. Studies investigating other aspects of face identity
recognition, but in that used upright and inverted faces

Seven studies investigated the effect of inversion on other
aspects of face identity recognition (Faja et al., 2009; Joseph and
Tanaka, 2003; Langdell, 1978; Nishimura et al., 2008; Riby et al.,
2009; Rouse et al., 2004; Rutherford et al., 2007).

Some of these studies are also reviewed in subsequent sections
of this paper because they are relevant to other face markers. Here
we summarize their findings with respect to the effect of inversion
only.

Two studies have been cited as revealing a qualitative differ-
ence in face recognition between people with and without ASD.
In one of the most widely cited studies to test the perception
of inverted faces in people with autism, Langdell (1978) tested
children and adolescents with autism and both CA-matched typ-
ical and MA-matched typical individuals. This author first showed
the participants inverted photographs of ten peers and asked
them to identify them. After some intervening trials with dif-
ferent experimental conditions, but the same face photographs,
Langdell showed the participants the same photographs upright.
Because of the other experimental conditions potentially inter-
fering with the recognition process, the order confound (always
presenting the inverted face first), and the fact that the results for
the upright condition were not reported, and no statistical tests of
the face inversion effect were performed, the data from this study
are impossible to interpret. This study simply does not provide evi-
dence for or against a face inversion effect in ASD that is often
attributed to it.

Joseph and Tanaka (2003) explored the effect of inversion on
the part-whole effect. Between-group comparisons revealed that
the simple group × orientation interaction was not significant.
However, a significant group × orientation × feature (eyes, mouth)
interaction showed that while typical children had an inversion
effect for both eyes and mouths, ASD children only showed an
inversion effect for mouths, but not for eyes. This finding is par-
ticularly interesting as it hints toward a deficit in processing eye

information in those with ASD – a hypothesis we  will follow in the
later Section 3.3.

Besides these two  papers, all other papers show similar face
inversion effects in participants with and without ASD. Brief
descriptions of each of these other studies follow.

Faja et al. (2009) investigated the effect of inver-
sion on part-whole processing. They found a significant
group × orientation × configuration (whole, part) interaction,
while the simple group × orientation interaction was not signifi-
cant. Because they did not perform post hoc tests to explore these
interactions further, their results are difficult to interpret. From the
reported means, it seems that the interaction might result from
typical participants showing an inversion effect for both whole
and part configurations, while ASD participants show an inversion
effect more strongly for whole than for part configurations. In
other words, ASD show the expected pattern of responses, while T
do not.

Rutherford et al. (2007) investigated the effect of inversion on
sensitivity to spacing (between face parts). The group × orientation
interaction was not significant and both ASD and typical par-
ticipants showed an inversion effect for the eye-to-eye-spacing
condition. Neither T nor ASD participants showed inversion effects
for the mouth-to-nose spacing condition.

Nishimura et al. (2008) also investigated the effect of inversion
on sensitivity to spacing (on stimuli that consisted of both eye-
to-eye and mouth-to-nose differences). The interaction between
group and orientation was  not significant, but the main effect of
orientation was: both ASD and T groups showed inversion effects.

Rouse et al. (2004) investigated the effect of inversion on
the Thatcher illusion (Thompson, 1980) using both face and
house stimuli. ASD participants and CA- and NVMA-matched typ-
ical participants showed the expected inversion effect, and the
group × orientation interaction was not significant. However, typi-
cal participants were at ceiling in the upright face condition, so the
magnitude of the inversion effect may  have been underestimated in
the T group. Nonetheless, these authors also found evidence for a
disproportionate inversion effect in a Thatcher-illusion paradigm
(in both groups) based on an orientation × stimulus type (face,
house) interaction.

Riby et al. (2009) investigated a group of children with ASD
and three groups of typical individuals (either CA-, or VMA-, or
NVMA-matched). Participants performed a 2AFC match-to-sample
task on either the upper or lower halves of faces that were either
presented upright, rotated 90◦ or fully inverted. The overall cost of
inversion was significant (with a main effect of orientation in which
upright was  the easiest condition followed by 90◦ rotation and then
inverted) and this effect apparently did not differ between groups
(the group (ASD, T1, T2, T3) × orientation (upright, 90◦, inverted)
interaction was not significant). There was  also a main-effect of
group, with the ASD participants performing worse than any of the
typical groups. However, no within-group comparisons were made
to evaluate whether there was  a significant face inversion effect in
each group.

In summary, much like the studies on the pure face inversion
effect, five out of seven studies reviewed here demonstrate similar
inversion effects in their ASD and T samples. One of the other two
studies is impossible to interpret (Langdell, 1978) and the other
found inversion effects only for the mouth, not the eyes, in people
with ASD (Joseph and Tanaka, 2003).

2.1.4. Studies using upright and inverted faces in other
experimental paradigms

Upright and inverted faces have been used in other experimen-
tal paradigms that did not test face identity recognition. Although
these studies are not of primary relevance to this review, we discuss
them here because some of the studies are widely cited as evidence
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for the absence of a face inversion effect in people with ASD (e.g.
Tantam et al., 1989). It is important to note that the classic face
inversion effect concerns face identity recognition, so its presence
or absence in other paradigms (such as facial expression recogni-
tion) does not allow for any firm conclusions about the functionality
of the face recognition system.

Two studies report an absence of a face inversion effect in their
ASD sample. Tantam et al. (1989) (see Appendix A) is widely cited
as evidence for an absence of the face inversion effect in children
with ASD in a task on emotional labeling. However, performance in
the ASD children was at floor for the upright face condition, leav-
ing no room for further reduction of performance for the inverted
face condition, and thus making the data impossible to interpret.
Thus, this study cannot be used as evidence that the face inversion
effect is absent in children with ASD. The other study reporting an
apparent absence of the face inversion effect in children with ASD
measured looking behavior toward upright and inverted faces (van
der Geest et al., 2002). They found a significant group × orientation
interaction, with typical children spending more time looking at
upright than inverted faces, while children with ASD spent the same
amount of time looking at upright and inverted faces. In direct con-
trast, Falck-Ytter (2008) did not find any differences in the looking
behavior of very young (M = 5.2 years) children with and without
ASD: both groups spent more time looking at upright than inverted
faces.

Two more studies did not find differences between their ASD
and typical participants. Rosset et al. (2008) studied emotion recog-
nition of upright and inverted faces, and found no between-group
differences, but a clear main effect of orientation with better
performance for upright than inverted faces. Finally, Bar-Haim
et al. (2006) asked a group of ASD children and CA- and IQ-
matched typical children to detect a briefly presented dot that
was superimposed on either upright or inverted faces, with the
dot presented either between the eyebrows or beneath the mouth.
The group × orientation interaction was not significant. Inversion
effects, however, were only found when the dot was presented
between the eyebrows, with better performance for upright than
inverted faces.

Thus, even in paradigms not addressing face identity recogni-
tion, the majority of studies show a similar face inversion effect in
people with ASD and typical individuals.

Summarizing all studies on the face inversion effect (see also
Fig. 1) excluding the two studies that are uninterpretable (Langdell,
1978; Tantam et al., 1989) only two of 14 studies (Rose et al., 2007;
van der Geest et al., 2002) report an absence of face inversion effects
in children with ASD – only one of which actually measured face
identity recognition (Rose et al., 2007). Of these studies one has
weak statistical evidence (Rose et al., 2007), and the other (van
der Geest et al., 2002) was directly contradicted by a subsequent
study (Falck-Ytter, 2008). Thus, the majority of the 14 studies (12
out of 14) demonstrate similar face inversion effects in people with
autism and typical individuals (Bar-Haim et al., 2006; Faja et al.,
2009; Falck-Ytter, 2008; Hobson et al., 1988; Joseph and Tanaka,
2003; Lahaie et al., 2006; Nishimura et al., 2008; Riby et al., 2009;
Rouse et al., 2004; Rosset et al., 2008; Rutherford et al., 2007; Scherf
et al., 2008). We  conclude that people with ASD do not demonstrate
qualitative differences in the best-known hallmark of typical face
recognition – the face inversion effect.

2.2. The part-whole effect

An important marker for holistic/configural processing is the
part-whole effect or “whole advantage” (Tanaka and Farah, 1993).
This refers to the finding that participants are better at discrim-
inating eyes or mouths when these parts are embedded in a full
face than when they are shown in isolation. The whole advantage

has been found only for upright faces, not for inverted faces. It is
stronger for faces than non-face stimuli. Four studies have inves-
tigated the part-whole effect in participants with ASD (Faja et al.,
2009; Joseph and Tanaka, 2003; Lopez et al., 2004; Wolf et al., 2008;
see Table 2), one additional study was excluded from the review
(Annaz et al., 2009; see Appendix A).

2.2.1. Statistical criteria
Evidence that participants with ASD do not show the part-whole

effect would require a significant interaction between group (ASD,
T) and feature (part, whole) as well as a subsequent within-group
test showing that typical participants show a whole-advantage
when viewing faces, but ASD participants do not.

Two studies found no differences in the part-whole effect
between ASD and typical participants. The first study by Joseph
and Tanaka (2003) tested four groups of children: 9-year-old and
11-year-old typical children, a group of ASD children and a CA-
and IQ-matched group with language impairments or delays. First,
both the 9- and 11-year-old typical groups demonstrated a whole
advantage. Second, children with ASD also showed a whole advan-
tage that was statistically equivalent to that shown by the typical
children: between-group comparisons between the ASD group and
the control group of children with language impairments found that
the group × configuration interaction was not significant. Further-
more, children with ASD showed the expected orientation (upright,
inverted) × feature (whole, part) interaction, further corroborating
that they were, in fact, showing the whole advantage.

Wolf et al. (2008) extended Joseph and Tanaka (2003)’s find-
ing by confirming the presence of a whole advantage in a large
number of children: 66 with ASD and 68 CA- and IQ-matched typ-
ical children. A main effect of configuration revealed the expected
whole advantage and this effect did not differ between groups (as
evidenced by the lack of a group × configuration interaction).

Faja et al. (2009) studied adult ASD participants on a simi-
lar part-whole paradigm. ASD participants demonstrated a whole
advantage, as did typical participants – the group × configuration
interaction was  not significant. A significant 3-way interaction
between group × configuration × orientation (p = .05) seemed to be
even driven by a larger whole advantage in the upright condition
in the ASD participants than in the typical participants (this obser-
vation is based on the reported means as no post hoc within-group
tests were conducted to follow-up on the interaction).

Lopez et al. (2004) investigated the effect of cuing on the part-
whole effect. In the cued condition a written cue (e.g. “Look at
the mouth”) informed participants on which feature to base their
matching. Lopez et al. (2004) found a whole advantage for their
children and adolescents with ASD in the cued condition only. In
contrast, CA- and IQ-matched T showed a whole advantage in both
cued and un-cued conditions. These results suggest that individu-
als with ASD may attend differently to faces by default, but can – if
instructed – attend to faces the same way typical participants do,
and when this occurs, they show the typical whole advantage.

In summary, the results on the part-whole effect in ASD argue
strongly for a typical part-whole effect in ASD (see also Fig. 1): two
studies with strong statistical evidence found the expected part-
whole effect in those with ASD (Joseph and Tanaka, 2003; Wolf
et al., 2008), another one seems to show an even stronger part-
whole effect in ASD than T (Faja et al., 2009), while one study found
it when the relevant feature was cued (Lopez et al., 2004).

2.3. The composite effect

Another marker for holistic/configural processing is the com-
posite effect: participants find it harder to identify one half of a
composite face (e.g. top half of Barack Obama’s face with bottom
half of Will Smith’s) if the inconsistent other half-face is spatially
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Table 2
Studies on face markers.

Study Diagnosis N Age group Mean age Task Memory demand Perceptual demand Between-group-statistics

The part-whole effect
Faja et al.
(2009)

ASD (DSM-IV, ADI-R,
ADOS)

39 ADU 24.0 Delayed 2AFC
match-to-sample

Low; 1 s ISI Low; identical image
(or part of image)

Group (ASD, T) × configuration (whole, part)
approached significance (p = .05) – but this
effect was driven by a larger whole advantage
in  ASD than in T.

T  (CA, VMA, NVMA) 33 24.6

Joseph and
Tanaka (2003)

ASD (ADI-R) 22 CHI 10.9 Delayed 2AFC
match-to-sample

Low; 0 ISI Low; identical image
(or part of image)

Group (ASD, T) × configuration (whole, part)
interaction was not significant (p ns). ASD:
orientation (upright, inverted) × configuration
(whole, part) interaction was  significant
(p  < .05). T: orientation (upright,
inverted) × configuration (whole, part)
interaction was not significant (p = .16).T  (CA, VMA, NVMA) 20 10.8

Lopez et al.
(2004)

ASD (DSM-III-R,
DSM-IV, ICD-10)

17 CHI/ADO 13.0 Delayed 2AFC
match-to-sample

Low; 500 ms  ISI Low; identical image
(or part of image)

Group (ASD, T) × configuration (whole,
part) × cue (cued, uncued) interaction was
significant (p < .05). ASD: main effect of
configuration (whole > part) only in the cued
condition significant (p < .01), not in the
uncued condition (p > .05). T: main effect of
configuration (whole > part) was significant in
both cued and uncued conditions (both p < .05).T  (CA, VMA, NVMA) 17 13.1

Wolf et al.
(2008)

ASD (DSM-IV, ADI-R,
ADOS)

66 CHI 11.9 Delayed 2AFC
match-to-sample

Low; 0 ISI Low; identical image
(or part of image)

Group (ASD, T) × configuration (whole, part)
interaction was not significant (p ns).

T  (CA, VMA, NVMA) 68 11.9

The composite effect
Gauthier et al.
(2009)
[measures a
congruency,
not the
composite
effect]

ASD (ADI-R, ADOS) 21 CHI/ADO 12.8 Delayed
same–different

Low; 1430 ms ISI Low: identical image
(or part of image)

Congruency effect: Group (ASD, T) × alignment
(aligned, misaligned) × congruency (congruent,
incongruent) interaction was significant
(p  = .04). ASD: alignment (aligned,
misaligned) × congruency (congruent,
incongruent) interaction was not significant
(F  < 1). T: alignment (aligned,
misaligned) × congruency (congruent,
incongruent) interaction was significant
(p  < .001).T  (CA, VMA, NVMA) 21 12.0

Nishimura et al.
(2008)

ASD (ADI-R, ADOS) 17 ADU 20.6 Delayed
same–different

Negligible;
simultaneous
presentation

From low to high
depending on
displacements

Group (ASD, T) × orientation (upright,
inverted) was not significant (p = .25), but main
effect of orientation (upright > inverted) was
significant (p < .01).

T  (CA, VMA, NVMA) 17 21.6

Inner vs. outer features effect
Rondan et al.
(2003)

ASD (DSM-IV, CARS) 14 CHI 10.1 Simult. 2AFC
match-to-sample

Negligible;
simultaneous
presentation

Low; identical image
(or part of image)

Group (ASD, T1, T2) × feature (inner, outer)
interaction was significant (p < .05). ASD: main
effect feature was  not significant (p > .5). T1:
main effect feature was significant (p < .05). T2:
main effect feature was significant (p < .001).

T1  (CA) 14 10.1
T2 (VMA) 14 7.1

Face space
Wilson et al.
(2007)

ASD (DSM-IV, CARS) 17 CHI 8.6 Familiar vs. unfamiliar
categorization

Not controlled;
probably very high
depending on when
peer was  last seen

High; ‘real’ peer vs.
photograph

Group (ASD, DS, T) × feature (full, inner, outer)
interaction was not significant (p > .05).

C  (CA, VMA) 17 8.7
T (CA) 17 8.2
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Table 2 (Continued)

Study Diagnosis N Age group Mean age Task Memory demand Perceptual demand Between-group-statistics

Gastgeb et al.
(2009)

ASD (ADOS, ADI-R) 27 CHI 10.8 “Encoding”: looking at
14 faces;
“pseudo-retrieval”:
2AFC which ones looks
more familiar?

Medium; 28 s ISI High; subtle
differences

Whole sample: main effect group (ASD, T) was
significant: T select the prototype significantly
more often than ASD (p < .05). Childen: main
effect group (ASD, T) was not significant
(p = .12); Adults: main effect group (ASD, T)
was  marginally significant (p = .055).

T  (CA, VMA, NVMA) 26 10.9
ASD (ADOS, ADI-R) 24 ADU 26.9
T (CA, VMA, NVMA) 23 28.5

Gastgeb et al.
(2011)

ASD (ADOS, ADI-R) 20 ADU 22.0 “Encoding”: looking at
16 faces (×4 sets);
“pseudo-retrieval”:
2AFC which one looks
more familiar?

Medium; 48 s ISI High; subtle
differences

Main effect group (ASD, T) was significant: T
select the prototype significantly more often
than ASD (p < .01).

T  (CA, VMA, NVMA) 20 25.5

Pellicano et al.
(2007)

ASD (DSM-IV, ADI-R) 14 CHI 11.0 Decide which team a
person belongs to

No High; subtle
differences

Main effect group (ASD, T): adaptation was
significantly reduced in ASD in comparison to T
(p  < .05). ASD: main effect adaptation was
significant (p < .001). T: main effect adaptation
was significant (p < .001).T  (CA, VMA, NVMA) 15 11.1

Thatcher illusion
Riby et al.
(2009)

ASD (DSM-IV, CARS) 20 CHI/ADO 14.8 Odd-one-out Negligible;
simultaneous
presentation

Difficult to determine Group (ASD, T1, T2, T3) × orientation (upright,
inverted, 90◦) was  not significant (p = .57).T1  (NVMA) 20 7.9

T2  (VMA) 20 6.5
T3  (CA) 20 14.9

Rouse et al.
(2004)

ASD (ICD-10) 11 CHI 9.6 Odd-one-out Negligible;
simultaneous
presentation

Difficult to determine Main effect group (ASD, T) was not significant
(p  nr).T  (CA, NVMA) 15 9.4

Left-side bias
Ashwin et al.
(2005)

ASD (APA) 16 ADU 26.8 Decide which of two
chimeric faces looked
more like the original
face

Negligible;
simultaneous
presentation

Difficult to determine Main effect group (ASD, T) was significant:
laterality bias was  stronger in T than ASD
(p < .05).

T  (CA, VMA, NVMA) 16 28.3

Notes: Wilson et al. (2007): C group consisted of children with developmental delay.
Mean age is in years. Memory demand was  assessed on a five-point scale from negligible (simultaneous presentation), over low (0–2 s delay), medium (2 s to 1 min delay), high (1–5 min delay), to very high (>5 min delay).
Perceptual demand was  assessed on a three-point scale from low (matching identical images), over medium (matching across one dimension, e.g. pose), to high (matching across two  dimensions, e.g. pose and lighting).
Abbreviations (other than in Appendix A): ADO: adolescents; ADU: adults; CHI: children; ISI: interstimulus interval; p nr: p not reported; p ns: p not significant.
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aligned with the target half rather than misaligned (Young et al.,
1987). One study has investigated the composite effect in partici-
pants with ASD (Nishimura et al., 2008; see Table 2), and we  discuss
another related study (Gauthier et al., 2009). One additional study
was excluded from the review (Teunisse and de Gelder, 2003, see
Appendix A).

2.3.1. Statistical criteria
The composite effect is evident in a main effect of alignment: it

is easier to identify the component faces in a chimeric face when
the two parts are misaligned rather than aligned. Furthermore, the
composite effect is weaker or absent when faces are inverted, yield-
ing a significant interaction between alignment and orientation. To
make the case that participants with ASD do not show the com-
posite effect, authors would at least have to show an interaction
between group (ASD, T) and alignment (misaligned, aligned) for
upright faces.

Nishimura et al. (2008) found that adult participants with ASD
exhibit the composite effect. In an ANOVA on group (ASD, T) and
alignment (misaligned, aligned), they found a significant main
effect of alignment, thus showing a composite effect across both
groups. There was no interaction between group and alignment,
suggesting that the composite effect is intact in people with ASD.

In another related study, Gauthier et al. (2009) reported a lack
of composite effect in adolescents with ASD. However, this study
did not test the classic composite effect but instead a “congruency
effect”, in which either both halves of the test face were the same or
different with respect to the study face (‘congruent’) or only one half
of the test face was the same or different with respect to the study
face (‘incongruent’). A significant group × alignment × congruency
interaction was found, as well as significant within-group results:
the interaction between congruency and alignment – the “congru-
ency effect” – was significant in T, but not in ASD. It has been argued
that the congruency effect reflects generic visual processing not
specific to faces; indeed, the congruency effect has been found with
non-face objects and hence should not be used as a marker of face-
specific processing (McKone and Robbins, 2011). Thus, although
the results of Gauthier et al. (2009) are of some interest, this finding
may  reflect differences in generic attention, rather than differences
in a classic hallmark of face processing.

In summary, the only study of the classic composite effect did
not find differences between ASD and typical participants (see also
Fig. 1).

2.4. Inner versus outer features

Another basic behavioral property of face identity perception is
the inner versus outer features effect. For familiar face recognition,
people rely more strongly on inner face regions (e.g. eyes, mouth)
than on outer face regions (e.g. hair), whereas for unfamiliar faces,
this pattern is reversed (Ellis et al., 1979). Two studies tested the
inner versus outer features effect in children with ASD (Rondan
et al., 2003; Wilson et al., 2007; see Table 2).

2.4.1. Statistical criteria
To determine which feature (inner or outer) is more important

for correct identification, it is necessary to include both familiar and
unfamiliar faces so as to test for the expected double-dissociation.
Unfortunately, neither study tested both familiar and unfamiliar
faces. Here we use a more relaxed criterion: to demonstrate that
people with ASD differ in their reliance on particular features (for
either familiar or unfamiliar faces), authors need to show a signifi-
cant interaction between group (ASD, T) and feature (inner, outer).
In addition, post hoc tests should be carried out to confirm that the
expected pattern is present in the typical group and absent in the
ASD group.

Rondan et al. (2003) tested one group of ASD children and two
groups of typical children using unfamiliar faces. The task was  to
match a simultaneously presented full target face at the top of the
screen to one of two  test faces at the bottom of the screen. The
two test faces were either shown only with their inner features
or only with their outer features. The authors found a significant
group (ASD, T1, T2) × feature (inner, outer) interaction. Within-
group testing revealed that in contrast to the CA-matched and
VMA-matched typical groups, children with ASD did not perform
better in the outer features condition than the inner features condi-
tion. Thus, it seems that children with ASD do not rely more strongly
on outer features than inner features when recognizing unfamiliar
faces.

Wilson et al. (2007) also tested one group of ASD and two
groups of typical children but used familiar faces. Two faces were
presented side by side, one of which was  a staff member at the chil-
dren’s school. Children were required to “touch the one you know
from school”. Faces were shown either fully, shown with only inner
features or shown with only outer features. ASD children, similar
to both CA-matched typical children and CA- and NVMA-matched
children with developmental delay, were best at discriminating
familiar from unfamiliar faces when the face was shown fully, and
better when provided with inner features rather than outer fea-
tures. Thus, participants with ASD show the typical pattern and use
inner features more than outer features when recognizing familiar
faces. The authors found no significant interaction between group
(ASD, T1, T2) and feature (full, inner, outer). They did not perform
between-group or within-group testing to compare inner versus
outer features directly, but from the raw scores it seems that all
three groups had a slight advantage for distinguishing familiar from
unfamiliar faces based on inner features in comparison to outer
features.

In summary (see also Fig. 1), there is evidence that children with
ASD show the expected reliance on inner features when recogniz-
ing familiar faces. However, they do not show the expected reliance
on outer features when recognizing unfamiliar faces. These findings
need to be confirmed, particularly in a design where both familiar
and unfamiliar faces are tested.

2.5. Face space—face adaptation aftereffects

Face adaptation aftereffects are a marker for the represen-
tation of faces in “face space”. In the face-identity aftereffect,
prolonged exposure or adaptation to a particular face, (e.g. Jack’s
face) biases perception of an average face toward the opposite
identity (e.g., an “Anti”-Jack’s face). Pellicano et al. (2007) tested
children with ASD and CA- and NVMA-matched typical children
on face-identity aftereffect. While both groups showed significant
aftereffects, ASD children showed significantly reduced adaptation.
Further, the amount of adaptation correlated with current symp-
tom severity: more severely affected children experienced smaller
face-identity aftereffects. Thus, Pellicano et al. (2007) conclude that
adaptive face-coding mechanisms are compromised in ASD. How-
ever, because the study did not test adaptation of non-face stimuli
or any other adaptive mechanisms such as motion adaptation, it is
not clear whether adaptive mechanisms are selectively impaired
for the category of faces, or more generally for all objects.

Another way  to address the organization of face space is by
studying how people process face prototypes, as these can be seen
as the average face, i.e., the center of face space. Two  studies by
Gastgeb et al. (2009, 2011) investigated facial prototype forma-
tion in ASD, first using line drawings (2009) and then photographs
(2011). Both studies found that adults with ASD have difficulties
forming facial prototypes. (The first study also looked at children
with ASD and found them to perform similarly to their typical
peers.) However, impairments in prototype formation in those with
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autism do not seem to be limited to faces as they also occur with
animal-like stimuli (Klinger and Dawson, 2001; although these
stimuli also displayed faces and it is difficult to determine on which
aspects the prototype formation was based upon).

Thus, although the idea that face space might be differently orga-
nized in those with autism is intriguing, it is yet unclear whether
adaptive mechanisms in general are compromised.

2.6. The Thatcher illusion

In the Thatcher illusion, the mouth and eyes are cut out, inverted,
and pasted back into a face. When upright, the resultant face
appears grotesque, but when inverted it appears normal, or nearly
so (Thompson, 1980).

2.6.1. Statistical criteria
To show that participants with ASD do not experience the

Thatcher illusion or do so to a lesser extent than typical individu-
als, it is necessary to demonstrate a significant interaction between
group (ASD, T) and orientation (upright, inverted), such that the
normal inversion effect for “thatcherized” faces is greater in Ts than
in ASDs.

Two studies investigated the Thatcher illusion in ASD (Riby
et al., 2009; Rouse et al., 2004; see Table 2), and we  excluded
one other study (Nakahachi et al., 2008). In the two studies,
two faces were presented simultaneously. One of the faces was
“thatcherized” and participants were asked to “report the one that
looks funny or strange” (Riby et al., 2009; Rouse et al., 2004).
Both studies showed that ASD participants were sensitive to the
Thatcher illusion: ASD participants as well as T were less likely
to detect a thatcherized face when the faces were inverted than
when they were upright (Riby et al., 2009: group (ASD, T1, T2,
T3) × orientation (upright, 90◦, inverted) was not significant; Rouse
et al., 2004: group × orientation was not significant, but a main
effect of inversion was significant). In summary, both studies show
that participants with ASD are sensitive to the Thatcher illusion just
as typical participants are (see also Fig. 1).

2.7. The left side bias

By splitting a face photograph in the middle and mirroring the
left side onto the right side or the right side onto the left side one
can create chimeric faces consisting solely of the left side of a face
or the right side of a face. It has been found that chimeric faces
made out of the right side of a face are judged to be more similar
to the original face than chimeric faces made out of the left side
of a face, which has been described as a “left visual field bias for
faces” (Gilbert and Bakan, 1973). Ashwin et al. (2005) investigated
the left visual field bias for faces in adults with ASD. The lateral-
ity scores were significantly higher in CA- and IQ-matched T than
in ASD participants. However, laterality scores were overall very
low: 0.12 for ASD adults and 0.29 for CA- and IQ-matched T, with 0
standing for no visual field bias and +1 for a strong left visual field
bias, and it remains an open question whether the finding of a lesser
left visual field bias in ASD adults is due to a different face scanning
strategy (as any bias is only elicited when subjects strongly focus
on the midline of a face) or actually reflects differences in brain
asymmetry.

2.8. Summary of part 2: face markers

Summarizing all studies on face markers it appears that the clas-
sic hallmarks of typical face identity recognition such as the face
inversion effect and the part-whole effect are evident in people
with ASD (see also Fig. 1). Furthermore, those with ASD are sen-
sitive to the Thatcher illusion. In the case of the composite effect,

there are two  studies with conflicting results, most probably due to
the heterogeneity in the experimental designs. For the inner versus
outer feature effect and the left side bias more studies are needed to
confirm or refute the findings. The same is true with regard to face
space, where the key unanswered question is whether the weaker
adaptation aftereffects are specific to faces, or reflect a more gen-
eral adaptation deficit in autism. On balance, the existing literature
seems to find no compelling evidence for a qualitative difference
between people with and without autism in how they process facial
identity.

3. Face identity memory and perception

In the following we  review studies looking at quantitative differ-
ences in face identity recognition – that is, how well one remembers
or discriminates facial identities – between those with autism
versus typical individuals. Although these studies differ consider-
ably in experimental approach (see also Table 3), we were able to
group them into (a) studies on face memory, in which a delay of at
least half a minute occurs between encoding and retrieval, (b) stud-
ies on simple face identity perception (e.g. discriminating between
two people), (c) studies on more fine-grained face perception (e.g.
discriminating between two  faces in which only the eyes differ),
and (d) studies using standardized face recognition tests. The inter-
val between the stimuli in the ‘perceptual tasks’ was  always lower
than 2 s. For this part of the review, the most crucial questions are:
does empirical evidence exist for a face-specific recognition deficit
in ASD, or is a deficit possibly based on domain-general impair-
ments that affect other object recognition as well? If there is a
face-specific recognition deficit, is it evident in both memory and
perceptual discriminations?

3.1. Face memory

Here we  review six studies, in chronological order, containing
seven experiments investigating face memory in people with ASD
compared to typical individuals. We define ‘memory’ as entailing a
delay between encoding and recognition of at least 30 s, but most
of the studies reviewed here have delays of several minutes, so
they clearly tap into face memory. All studies found a face mem-
ory deficit in people with ASD. One additional study (Krebs et al.,
2011) also investigated face memory, but ASD as well as typical
participants were at ceiling on the task, thus making their results
impossible to interpret (see Appendix A).

de Gelder et al. (1991) showed a group of ASD children and a
group of typical children 16 faces one after the other, presented for
5 s each. Their memory was then tested with a 2AFC old–new recog-
nition test. During encoding, faces were presented from a front view
while during the memory test they were presented in 3/4 view. The
children with ASD were significantly worse in remembering faces
across viewpoint than the typical children.

Boucher and Lewis (1992) tested two  groups of children and
adolescents with ASD in two  experiments on face and house mem-
ory. In Experiment 1, participants viewed 30 faces one after the
other, presented for 7.5 s each. After all faces had been shown,
children were presented with a 2AFC old–new recognition test.
Boucher and Lewis (1992) found a significant main effect of group
(ASD, C1, T2) with ASD participants performing worse than both
control groups. In Experiment 2, participants either viewed 28 faces
and 28 houses one after the other, presented for 10 s each, or they
did a match-to-sample task on these stimuli. Subsequently, they
were tested with a 2AFC old–new recognition test. The authors
found a significant group (ASD, T) × type of stimulus (face, house)
interaction with the ASD participants performing worse than the
typical individuals on faces, but not houses. (The results of the
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Table 3
Studies on face identity recognition.

Study Diagnosis N Age group Mean age Task Memory demand Perceptual demand Finding

Face memory
Boucher and
Lewis (1992)
(Experiment 1)

ASD (Rutter 10 CHI/ADO 13.2 Encoding: remember
30 faces, retrieval:
2AFC old–new

High; memory delay:
3 min 45 s, high
number of stimuli

Difficult to determine Main effect group (ASD, C, T) was significant:
ASD performed worse than either C or T group
(both p < .01).

C  (CA, NVMA) 10 13.3
T  (CA) 10 13.2

Boucher and
Lewis (1992)
(Experiment 2)

ASD (Rutter) 16
16

CHI/ADO 13.5 Encoding: either
remember 28
faces/buildings or
perform
match-to-sample on 28
faces/buildings,
retrieval: 2AFC
old–new

High; timed condition:
memory delay: 4 min
40  s, match-to-sample
condition:
uncontrolled,
depended on
performance

Difficult to determine Group (ASD, C) × type of stimulus (face, house)
interaction was significant (p < .01): ASD
performed worse than C for faces (p < .05), but
not houses (p ns).

C  (CA, VMA) 11.2

Boucher et al.
(1998)

ASD1 (Wing’s
criteria)

7 CHI 9.2 Retrieval: sort images
of school staff and
school building into
familiar and unfamiliar

Not controlled;
probably very high,
depending on when
staff members, school
building were last seen

Difficult to determine All children were 100% correct on the
buildings; there was a main effect group
(ASD1 + ASD2, C1 + C2) for faces: ASD
performed worse than C (p = .05).

ASD2  (Wing’s
criteria)

12 7.4

C1 (CA, VMA) 10 7.9
C2 (CA, VMA) 10 7.8

de  Gelder et al.
(1991)

ASD (Rutter) 17 CHI/ADO 10.9 Encoding: remember
16 faces, Retrieval:
2AFC old–new

High; memory delay:
1 min 20 s, medium
number of stimuli

Medium; across pose Main effect group (ASD, T) was significant: ASD
performed worse than T (p < .01).

T  (NVMA) 17 8.5

Hauck et al.
(1998)

ASD (DSM-III-R) 24 CHI 9.6 Encoding:
match-to-sample,
Retrieval: 2 AFC
old–new

Very high; 20 min  Low; identical image Group (ASD, T) × type of stimulus (face, object)
was significant (p < .05): ASD performed worse
than T on faces, but not objects; and group
(ASD, T) × type of task (matching, memory)
was significant (p < .05): ASD performed worse
than T on the memory task, but not the
matching task.

T  (VMA) 34 4.7

Langdell (1978) ASD1 (Rutter) 10 CHI 9.8 Identify peer Not controlled;
probably very high
depending on when
peer was last seen

High: ‘real’ peer vs.
photograph

Group (ASD1, C1a, C1b, C1c) × condition
(various face masking conditions) interaction
was significant (p < .001). Group (ASD2, C2a,
C2b, C2c) × condition (various face masking
conditions) interaction was significant
(p < .001).

T1a-c  (CA/MA/CA,
MA)

10 5.6/9.6/9.8

ASD2 (Rutter) 10 ADO 14.1
T2a-c (CA/MA/CA,
MA)

10 8.1/13.6/13.7

McPartland
et  al. (2011)

ASD (DSM-IV,
ADI-R, ADOS)

15 ADO 12.0 Encoding: remember
12 faces (2 sets);
retrieval: old–new

Medium; 41 s Low; identical image Main effect group (ASD, T) was significant: ASD
performed worse than T (p < .01).

T  (CA, NVMA) 17 13.2

Simple face perception
Behrmann
et al. (2006)

ASD (ADI-R, ADOS) 14 ADU 34.5 Simultaneous
same–different

Negligible;
simultaneous
presentation

Low; either within
gender (more difficult),
or across gender (more
easy)

Accuracy: neither group (ASD, T) × condition
(same, different within gender, different across
gender) interaction nor main effect group
(ASD, T) were significant (p nr). RT: main effect
of group (ASD, T) was significant: ASD
performed worse than T (p < .001).T  (CA) 27 Not reported
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Table 3 (Continued)

Study Diagnosis N Age group Mean age Task Memory demand Perceptual demand Finding

Boucher and
Lewis (1992)
(Experiment 2)

ASD (Rutter) 16 CHI/ADO 13.5 Simultaneous
match-to-sample

Negligible;
simultaneous
presentation

Difficult to determine Time on task: Group (ASD, C) × type of
stimulus (face, house) was significant (p < .05)
with C taking longer than ASD for houses
(p  < .05), but as long for faces (p ns). Error rate,
ASD performed better than C on houses
(p < .05), but similar on faces (p ns).C  (CA, VMA) 16 11.2

Davies et al.
(1994)
(Experiment 1)

ASD1 (LF,
DSM-III-R)

10 CHI/ADO 13.9 Simultaneous
matching a third
picture to two other
pictures

Negligible;
simultaneous
presentation

High; concept learning Main effect group (ASD1, C) was not significant
(p nr). Main effect group (ASD2, T) was
significant: ASD performed worse than T
(p < .005).

C  (LF: CA, VMA) 10 13.7
ASD2 (HF,
DSM-III-R)

10 14.4

TC (HF: CA, VMA) 10 14.7

Davies et al.
(1994)
(Experiment 2)

ASD1 (LF,
DSM-III-R)

10 CHI/ADO 13.9 Sorting Negligible;
simultaneous
presentation

Medium; across pose,
across emotional
expression

Main effect group (ASD1, C) was not significant
(p nr). Main effect group (ASD2, T) was
significant: ASD performed worse than T
(p < .05).

C  (LF: CA, VMA) 10 13.7
ASD2 (HF,
DSM-III-R)

10 14.4

TC (HF: CA, VMA) 10 14.7

Deruelle et al.
(2004)

ASD (DSM-IV,
CARS)

11 CHI 9.3 Simultaneous 2AFC
match-to-sample

Negligible;
simultaneous
presentation

Medium; across pose
or emotional
expression

Main effect group (ASD, T1, T2) was not
significant (p > .1).

T1  (VMA) 11 6.5
T2 (CA) 11 9.4

Gepner et al.
(1996) (Task 1)

ASD (DSM-II-R) 7 CHI 11.3 Delayed 4AFC
match-to-sample

Medium; 2 s ISI Low; identical image Group (ASD, T1) × stimulus type (face, shoe)
was not significant (p > .05), but a main effect
group (ASD, T): ASD performed worse than T1
(p  < .025). ASD performed worse than T1 on
faces (p < .01), but not shoes (p > .05). Group
(ASD, T2, DS) × stimulus type (face, shoe) was
not significant (p > .05), but a main effect of
group (ASD, T2, DS): ASD performed worse
than T2 (p < .025) but similar to DS (p > .05).

T1  (VMA) 7 5.6
T2 (NVMA) 7 5.9
DS 7 15.9

Gepner et al.
(1996) (Task
3a)

ASD (DSM-II-R) 7 CHI 11.3 Sorting task No Medium; across lip
movements

Main effect group (ASD, T1) was not significant
(p ns). Main effect group (ASD, T2, DS) was not
significant (p nr).

T1  (VMA) 7 5.6
T2 (NVMA) 7 5.9
DS 7 15.9

Gepner et al.
(1996) (Task
3b)

ASD (DSM-II-R) 7 CHI 11.3 Sorting task No Medium; across
emotional expression

Main effect group (ASD, T1) was not significant
(p nr). Main effect group (ASD, T2, DS) was not
significant (p nr).

T1  (VMA) 7 5.6
T2 (NVMA) 7 5.9
DS 7 15.9

Gepner et al.
(1996) (Task 4)

ASD (DSM-II-R) 7 CHI 11.3 Sorting task No Medium; across pose ASD performed worse than T2 on unfamiliar
faces (p < .05). All other comparisons were not
significant.

T1  (VMA) 7 5.6
T2 (NVMA) 7 5.9
DS 7 15.9

Hauck et al.
(1998)

ASD (DSM-III-R) 24 CHI 9.6 Simultaneous
match-to-sample

Negligible;
simultaneous
presentation

Medium; across pose
or clothes change

Group (ASD, T) × stimulus type (face, object)
was not significant.T  (VMA) 34 4.7
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Table 3 (Continued)

Study Diagnosis N Age group Mean age Task Memory demand Perceptual demand Finding

Ozonoff et al.
(1990)
(Identity sort)

ASD (CARS) 14 CHI 6.4 Sorting No Medium; across
emotional expression

Main effect group (ASD, T) was not significant
(p  ns).

T  (MA) 14 3.0

Ozonoff et al.
(1990)
(Matching task)

ASD (CARS) 14 CHI 6.4 Simultaneous 4AFC
match-to-sample

Negligible;
simultaneous
presentation

Medium; across pose Main effect group (ASD, T) was not significant
(p  ns).

T  (MA) 14 3.0

Riby et al.
(2008)

ASD (CARS) 20 CHI/ADO 12.0 Simultaneous 2AFC
match-to-sample

Negligible;
simultaneous
presentation

High; across pose and
emotional expression

Main effect group (ASD, C1, C2) was not
significant (p = .73).C1  (VMA) 20 7.5

C2 (NVMA) 20 8.9

Riby et al.
(2009)

ASD (DSM-IV,
CARS)

20 CHI/ADO 14.8 Simultaneous 2AFC
match-to-sample

Negligible;
simultaneous
presentation

High; across pose and
only on face halves

Group (ASD, T1, T2, T3) × face part (upper,
lower) was  significant (p < .001), as was  the
main effect group (ASD, T1, T2, T3): ASD
performed worse than any of the T (p < .001).

T1  (NVMA) 20 7.9
T2 (VMA) 20 6.5
T3 (CA) 20 14.9

Robel et al.
(2004) (The
Identity Match
2 Task)

ASD (DSM-IV) 20 CHI 8.4 Delayed
same–different

Low; 0 ISI Medium; across
emotional expression

Main effect group (ASD, T) was significant: ASD
performed worse than TC (p < .008).

T  (CA) 20 7.9

Scherf et al.
(2008)

ASD (ADI-R, ADOS) 15 CHI 11.0 Delayed 2AFC
match-to-sample

Low; 1 s ISI Low; identical image Group (ASD, T) × stimulus type (face, Greeble,
common object) was significant (p < .05): ASD
performed worse than T on faces (p < .005) and
Greebles (p < .05), but not on common objects
(p nr).

T  (CA, VMA, NVMA) 15 12.0
ASD (ADI-R, ADOS 15 ADU 32.0
T (NVMA) 15 22.0

Serra et al.
(2003)

ASD (DSM-IV) 26 CHI 8.8 Delayed identification
of target face in matrix
of 4 faces

Low; 500 ms ISI Low; identical image Group (ASD, T) × stimulus type (face, pattern)
interaction was significant (p < .002): ASD
performed worse than T on faces (p < .001), but
not on patterns (p nr).

T  (CA) 65 8.7

Tantam et al.
(1989)

ASD (Rutter) 10 CHI 12.1 Odd-one-out Negligible;
simultaneous
presentation

Medium; across
emotional expression

Main effect group (ASD, T) was significant: ASD
performed worse than T (p < .01).

T  (CA, NVMA) 10 12.2

Wallace et al.
(2008)

ASD (ICD-10,
ADI-R)

26 ADU 32.0 Delayed
same–different

Low; 350 ms ISI Low; identical image Group (ASD, T) × stimulus type (face, car)
interaction was significant (p < .01): ASD
performed worse than T on faces (p < .01), but
not on cars (p nr).

T  (CA, VMA, NVMA) 26 31.0

Wilson et al.
(2010a)

ASD (DSM-IV,
ADI-R, ADOS)

13 CHI 10.1 Delayed 2AFC
match-to-sample

Low; 0 ISI High; across pose and
illumination

Main effect group (ASD, T) was significant: ASD
perform worse than T (p < .001)

T  (CA, NVMA) 14 10.7

Wilson et al.
(2010b)

ASD (DSM-IV,
ADI-R, ADOS)

20 CHI 9.7 Delayed 2AFC
match-to-sample

Low; 0 ISI High; across pose and
illumination

In comparison to standardized scores from
typical children (data not presented), ASD
performed relatively worse in face matching in
comparison to shoe matching (p < .03).

Wolf  et al.
(2008)
(Matching
identity across
emotional
expression)

ASD (DSM-IV,
ADI-R, ADOS)

66 CHI 11.6 Simultaneous 3AFC
match-to-sample

Negligible;
simultaneous
presentation

Medium; across
emotional expression

Main effect group (ASD, T) was significant: ASD
performed worse than T (p < .001).

T  (CA, VMA, NVMA) 66 11.6
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Table 3 (Continued)

Study Diagnosis N Age group Mean age Task Memory demand Perceptual demand Finding

Wolf et al.
(2008)
(Matching
identity across
masked
features)

ASD (DSM-IV,
ADI-R, ADOS)

67 CHI 11.7 Simultaneous 3AFC
match-to-sample

Negligible;
simultaneous
presentation

High; across pose, but
with either masked
mouth, masked eyes,
or no mask

Main effect group (ASD, T) was significant: ASD
performed worse than T (p < .001).

T  (CA, VMA, NVMA) 67 11.7

Wolf et al.
(2008)
(Immediate
face memory)

ASD (DSM-IV,
ADI-R, ADOS)

66 CHI 11.8 Delayed 3AFC match to
sample

Low; 0 ISI Medium; across pose Main effect of group (ASD, T) was significant:
ASD performed worse than T (p < .001).

T  (CA, VMA, NVMA) 67 11.8

Fine-grained face perception
Faja et al.
(2009)

ASD (DSM-IV,
ADI-R, ADOS)

39 ADU 24.0 Delayed
same–different

Low; 1 s ISI Low to medium;
depending on
displacements

Main effect group (ASD, T): ASD performed
worse than T (p < .001).

T  (CA, VMA, NVMA) 33 24.6

Joseph et al.
(2008)

ASD (DSM-IV,
ADI-R, ADOS)

20 CHI/ADO 12.5 Delayed 2AFC
match-to-sample

Low; 0 ISI Low; identical image Group (ASD, T) × feature (eyes, mouth)
interaction, nor main effect group (ASD, T)
were significant.T  (CA, VMA, NVMA) 20 11.9

Nishimura
et  al. (2008)

ASD (ADI-R, ADOS) 17 ADU 20.6 Simultaneous
same–different

Negligible;
simultaneous
presentation

Medium; depending on
displacements

Main effect of group (ASD, T) was not
significant (p = .55), nor was any of the
interactions involving group significant.T  (CA, VMA, NVMA) 17 21.6

Riby et al.
(2009)

ASD (DSM-IV,
CARS)

20 CHI/ADO 14.8 Simultaneous
same–different

Negligible;
simultaneous
presentation

Medium; depending on
displacements

Group (ASD, T1, T2, T3) × condition (featural,
configural) interaction was not significant
(p = .43), but group (ASD, T1, T2, T3) × feature
(eyes, mouth) interaction was  significant
(p  < .001) as was the main effect group (ASD,
T1, T2, T3) (p < .001): while all T groups
performed better on eyes than mouth, ASD
performed better on mouths than eyes.

T1  (CA) 20 14.9
T2 (VMA) 20 6.5
T3 (NVMA) 20 7.9

Rutherford
et  al. (2007)

ASD (ADI-R, ADOS) 16 ADO/ADU 19.6 Odd-one-out Negligible;
simultaneous
presentation

Low to high; depending
on displacements

Main effect group (ASD, T): ASD performed
worse than T on eye-to-eye spacing (p < .01),
but not on mouth-to-nose spacing (p ns).

T  (CA, NVMA) 19 24.3

Wallace et al.
(2008)

ASD (ICD-10,
ADI-R)

26 ADU 32.0 Delayed
same–different

Low; 350 ms ISI Medium; depending on
displacements

Group (ASD, T) × stimulus type (face, house)
interaction was significant (p < .001): ASD
performed worse than T on faces (p < .0001),
but not on houses (p nr).T  (CA, VMA, NVMA) 26 31.0

Wolf et al.
(2008) (Face
and house
dimensions)

ASD (DSM-IV,
ADI-R, ADOS)

67 CHI 11.9 Simultaneous
same–different

Negligible;
simultaneous
presentation

Medium; depending on
displacements

Group (ASD, T) × feature (eye, mouth)
interaction was significant (p < .001): ASD
performed worse than T on eye-to-eye spacing
(p  < .001), but not on mouth-to-nose spacing (p
nr).T  (CA, VMA, NVMA) 66 11.9

Notes: Boucher and Lewis (1992): C group consisted of children and adolescents with mental retardation; Riby et al. (2008): C group consisted of children and adolescents with developmental delay.
Mean  age is in years. Memory demand was assessed on a five-point scale from negligible (simultaneous presentation), over low (0–2 s delay), medium (2 s to 1 min  delay), high (1–5 min  delay), to very high (>5 min  delay). Perceptual
demand  was  assessed on a three-point scale from low (matching identical images), over medium (matching across one dimension, e.g. pose), to high (matching across two dimensions, e.g. pose and lighting). Abbreviations (other
than  in Appendix A): ADO: adolescents; ADU: adults; CHI: children; ISI: interstimulus interval; p nr: p not reported; p ns: p not significant.
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discrimination task are discussed in Section 3.2.) Boucher and Lewis
(1992) thus provide first evidence for a memory impairment that
is specific to faces in participants with ASD.

Similarly, Hauck et al. (1998) tested children with ASD on an
interesting combination of tasks: during the first part of the exper-
iment participants performed a match-to-sample task on faces and
houses, then came a 20 min  distraction period after which the chil-
dren were confronted with a surprise old–new memory test on the
target items of the match-to-sample task from before. Between-
group statistics revealed a significant group (ASD, T) × type of task
(matching, memory) interaction with ASD children performing
worse than typical children on the memory task, but not on the
matching task. Also a group (ASD, T) × type of stimulus (face, house)
interaction was significant with ASD children performing worse
than typical children on faces, but not houses. In fact, typical chil-
dren performed best in the face memory task compared to the other
three tasks (face perception house memory, house perception),
while ASD children had the same scores on all tasks. Furthermore,
performance in the face memory task correlated with social ability
as measured by several questionnaires in children with ASD. Hauck
et al. (1998) thus not only provide evidence for a face-selective
recognition deficit in children with ASD, but also that such a deficit
might be only evident in memory, not in perception.

Even more evidence for a face-specific memory deficit comes
from a study by McPartland et al. (2011) testing adolescents with
ASD and T on a non-face object recognition test – the Cambridge
Neuropsychological Test Automated Battery Pattern Recognition
Subtest – and an analogous task for faces. Participants had to
remember 12 patterns/faces, presented for 3 s each and were then
confronted with a 2AFC old–new test. Participants with ASD per-
formed worse than T on the face memory test, but not on the pattern
memory test.

Two studies tested children’s skills at identifying their peers
based on photographs. This is arguably a very different task to the
ones described before as it is based on familiar face recognition
in contrast to unfamiliar face recognition. Also the memory delay
is uncontrolled, because it depends on when the participants saw
their peers last.

The first study on face recognition in children with ASD was con-
ducted by Langdell (1978).  He asked participants to identify their
peers from photographs. There were nine different experimental
conditions, one full face presented inverted, and one upright, and
seven other upright conditions created by obscuring different parts
of the face pictures, e.g. showing the eyes only. Langdell (1978)
studied two groups with ASD, a younger and an older group of chil-
dren. In addition, he tested three different typical groups matched
to each ASD group (one typical age-matched group, one typical
mental-age matched group, and one group with learning disabil-
ities, age- and mental-age matched) for a total of eight subject
groups. With so many groups and experimental conditions, anal-
yses become confusing – we report only on the strongest effects
(the inversion effect is discussed in Section 2.1.3 above). For both
younger and older groups there were significant group (ASD, T1,
T2, T3) × experimental condition (7 different masking conditions
and inverted presentation) interactions. Older and younger control
children did not differ from each other, and all performed better
on the upper than the lower half of the face. Younger ASD chil-
dren performed worse on the upper half, but better on the lower
half of the face than all their typical groups. Older ASD children
also performed better on the lower half of the face than their typ-
ical groups, but they performed as well as their typical groups
on the upper half of the face. In summary, Langdell (1978) pro-
vided the first evidence that children with ASD might process faces
differently than typical children, specifically by showing better per-
formance on lower halves of faces, and worse performance on upper
halves.

Boucher et al. (1998) asked four groups of participants (one
group of ASD and typical children each from two schools) to
sort pictures of school staff and buildings into familiar/unfamiliar
‘post boxes’. With regard to the school staff pictures, ASD children
performed significantly worse than typical children. However, all
children performed at ceiling on the school buildings; thus we  are
not able to count this data as evidence for a face-specific effect.

In summary, all seven experiments on face memory revealed
impairments in the participants with ASD in comparison to T.
Most notably, all these studies that also used a within-category
object control condition (e.g. distinguishing between different cars
or houses) found that the memory deficits were specific to faces.
Additionally, of eleven experiments using standardized face recog-
nition tests that are reviewed in a later Section 3.4 and that also
employed face memory paradigms, eight also show impairments
in the participants with ASD in comparison to T (see also Fig. 2 and
Tables 3 and 4). Together, these studies provide strong evidence for
a quantitative difference in face-specific memory between those
with autism and typical individuals.

Our review of the literature on face memory suggests the
hypothesis that people with autism have specific difficulties in
remembering faces. Although the next two sections contain stud-
ies focusing on face perception – i.e., the perceptual discrimination
of faces – we pay particular attention toward the memory demand
imposed by the perceptual tasks because it is clear from our above
review that face memory is impaired in people with ASD.

3.2. Simple face perception

The twenty-four very heterogeneous experiments testing sim-
ple face perception, that is, the perceptual discrimination between
two faces with little or no delay between their presentations, in
people with ASD, not surprisingly, have very mixed results. Half of
the experiments (N = 11) find that people with ASD perform worse
than typical individuals, while the other half (N = 11) does not find
any differences (two studies have mixed results and two addi-
tional studies using standardized face recognition tests reviewed in
Section 3.4.  also find impairments; see Fig. 2 and also Table 3). How-
ever, based on our prior review of the studies on face memory (see
the section above), we  followed the hypothesis that tasks with a
higher memory demand might be especially challenging for people
with ASD. Most interestingly, we  found a clear dissociation between
memory demand and performance outcome in the studies on sim-
ple face perception. Most studies with no memory demand, that is,
with simultaneous presentation of the items to be discriminated,
do not find differences between those with autism and typical indi-
viduals. In contrast, most studies with memory demand, that is,
with consecutive presentation of the items to be discriminated, do
find differences between those with autism and typical individuals
(see Fig. 2). Note that in these latter studies the memory demand is
still low and considerably smaller than in the previously described
studies on face memory.

One study (Gepner et al., 1996) is particularly important,
because it investigated both, perceptual and memory performance,
using sorting tasks with no memory demand, and a sequential 4AFC
match-to-sample task with memory demand. In accordance with
our hypothesis, these authors found no differences between chil-
dren with ASD and typical children on the tasks with no memory
demand, but children with ASD performed worse than typical chil-
dren on the sequential match-to-sample task. Specifically, Gepner
et al. (1996) administered four tasks on simple face identity per-
ception: a delayed 4AFC match-to-sample task with both faces
and shoes (Task 1), and three sorting tasks, in which photographs
of people were sorted based on identity either across lip move-
ments (Task 3a), emotional expression (Task 3b) or pose (Task
4). The latter sorting task contained both familiar and unfamiliar
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Table 4
Studies using standardized face recognition tests.

Study Diagnosis N Age group Mean age Task Memory demand Perceptual demand Between-group-statistics

Annaz et al.
(2009)

ASD (DSM-IV, ADOS)
[LF, CARS]

16 CHI 8.5 Benton Negligible;
simultaneous
presentation

High; across pose and
illumination

Main effect group (ASD [LF], T) was  significant: ASD [LF]
performed worse than T (p < .001). Main effect of group (ASD
[HF], T) was significant: ASD [HF] performed worse than T
(p = .014). Main effect of group (DS, T) was significant: DS
performed worse than T (p < .001).
Main effect of group (WS, T) was not significant (p > .5).

ASD  (DSM-IV, ADOS)
[HF, CARS]

17 8.4

DS (∼ CA) 15 9.5
WS (CA) 15 8.8
T  (CA) 18 8.4

Blair  et al.
(2002)

ASD (DSM-IV) 12 ADU 29.9 Warrington High to very high;
2.5 min up to 30 min

Low; identical image Main effect group (ASD, C) was significant: ASD performed
worse than T (p < .05).C  (CA, VMA) 12 31.1

Faja et al.
(2009)

ASD (DSM-IV, ADI-R,
ADOS)

39 ADU 24.0 Wechsler High to very high;
2.5 min up to 30 min

Low; identical image Main effect of group (ASD, T) was significant: ASD performed
worse than T (p < .01).

T  (CA, VMA, NVMA) 33 24.6

de  Gelder et al.
(1991)

ASD (Rutter) 17 CHI/ADO 10.9 Kaufmann Medium; several
seconds

High; across pose and
emotional expression

Main effect of group (ASD, T) was significant: ASD performed
worse than T (p < .02).T  (NVMA) 17 8.5

Kirchner et al.
(2011)

ASD (DSM-IV, ADI-R) 20 ADU 31.9 CFMT Medium to very high:
3 s up to several
minutes

Medium to high;
across, across pose and
illumination; across
pose, illumination and
with added noise

Main effect of group (ASD, T) was significant: ASD performed
worse than T (p < .01).

C  (CA, VMA) 21 31.8

Klin  et al.
(1999)

ASD 34 CHI 7.4 Kaufmann Medium; several
seconds

High; across pose and
emotional expression

Main effect group (ASD, C) was significant (p < .0001). Main
effect group (PDD-NOS, C) was not significant (p ns).PDD-NOS (CA, NVMA) 34 6.6

C (CA, NVMA) 34 6.3

McPartland
et  al. (2011)

ASD (DSM-IV, ADI-R,
ADOS)

15 ADO 12.0 Children’s Memory
Scale Faces Subtest

Medium; 32 s Low; identical image Main effect of group (ASD, T) was not significant (p = .08).

T  (CA, NVMA) 17 13.2

O’Hearn et al.
(2010)

ASD1 (DSM-IV, ADI-R,
ADOS)

8 CHI 11.6 CFMT Medium to very high:
3 s up to several
minutes

Medium to high;
across, across pose and
illumination; across
pose, illumination and
with added noise

Main effect group (ASD1, T1) was  not significant (p ns). Main
effect group (ASD2, T2) was not significant (p ns). Main effect
group (ASD3, T3) was  significant (p < .001).T1  (CA, VMA, NVMA) 8 11.6

ASD2 (DSM-IV, ADI-R,
ADOS)

12 ADO 15.4

T2  (CA, VMA, NVMA) 12 15.4
ASD3 (DSM-IV, ADI-R,
ADOS)

14 ADU 23.1

T3  (CA, VMA, NVMA) 14 22.7

Wallace et al.
(2008)

ASD (ICD-10, ADI-R) 26 ADU 32.0 Benton Negligible;
simultaneous
presentation

High; across pose and
illumination

Main effect of group (ASD, T) was significant (p < .001).

T  (CA, VMA, NVMA) 26 31.0

Williams et al.
(2005)

ASD (DSM-IV, ADI-R,
ADOS)

29 ADU 28.7 Wechsler High to very high;
2.5 min up to 30 min

Low; identical image Main effect group (ASD, T) was  significant (p < .001).

T  (CA, VMA, NVMA) 34 26.5

Notes: Blair et al. (2002): C group consisted of participants with learning disabilities; Klin et al. (1999): diagnostic criteria for ASD unclear, C group is non-pdd, mainly mental retardation and language disorders; Williams et al.
(2005):  statistics performed on average of part 1 and part 2 of WMS-III.
Mean age is in years. Memory demand was assessed on a five-point scale from negligible (simultaneous presentation), over low (0–2 s delay), medium (2 s to 1 min  delay), high (1–5 min  delay), to very high (>5 min  delay). Perceptual
demand  was  assessed on a three-point scale from low (matching identical images), over medium (matching across one dimension, e.g. pose), to high (matching across two dimensions, e.g. pose and lighting). Abbreviations (other
than  in Appendix A): ADO: adolescents; ADU: adults; CHI: children; ISI: interstimulus interval; p nr: p not reported; p ns: p not significant.
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faces. Seven children with ASD were tested, along with three con-
trol groups, each containing 7 children (a group of children with
Down syndrome and two typical groups, one matched on VMA,
the other matched on NVMA). The authors compared the children
with ASD to both the NVMA-matched T and the children with
Down syndrome in a first analysis and to the VMA-matched T in
a second analysis. For the delayed match-to-sample task children
with autism performed worse than the typical children on faces,
but not on shoes reflected in simple effect analyses and a main
effect of group in both analyses (although the interactions between
group (ASD, T1) and (ASD, T2, DS) and stimulus type (face, shoe)
did not reach significance). The authors did not find differences
between groups for the sorting tasks based on identity across lip
movements or emotional expression. For the sorting task based on
identity across pose the only difference between groups was that
the ASD children performed worse than the NVMA-matched typi-
cal children on unfamiliar faces, all other comparisons revealed no
differences between groups. Thus, this study found little difficulties
in ASD in a simultaneous sorting task, but a deficit in a task with a
short memory delay.

In what follows we review all experiments on simple face per-
ception to evaluate the hypothesis that face deficits are found
whenever sample and test stimuli are not present at the same
time on the screen (even if the test stimulus is presented imme-
diately at the offset of the sample stimulus with zero delay), but
no deficits are found when stimuli are presented simultaneously.
First we consider studies that fit this hypothesis: (1) experiments
that contained no memory demand and also did not find differ-
ences between their participants with ASD and typical individuals,
and (2) experiments that imposed a memory demand and in turn
found differences between their participants with and without ASD.
Finally, we describe five experiments that are not consistent with
our hypothesis.

3.2.1. No memory demand—no difference in simple face
perception between ASD and typical individuals

First, we briefly describe eight experiments that used simulta-
neously presented stimuli and thus no memory demand and hence
found no differences in simple face perception between ASD and
typical participants.

Ozonoff et al. (1990) tested a group of children with ASD on a
face identity sorting and a face-identity-matching task with simul-
taneous presentation. ASD children performed no different on these
tasks compared to VMA-matched T. (They then retested the same
ASD children against a group of NVMA-matched T and here the
children with ASD performed worse – however, we disregard this
finding because of the retesting confound.)

Boucher and Lewis (1992) gave participants a simultaneous
match-to-sample task as part of the encoding phase in a face mem-
ory task (we report on the data of the face memory task in Section
3.1). They did not find differences between their groups of children
and adolescents with and without ASD on the matching task.

Hauck et al. (1998) gave children with ASD a match-to-sample
task, in which participants were asked to match one stimulus at
the top of the page (a face or an object) with one of four stimuli at
the bottom of the page. The matching was across a change in either
pose or clothing for the faces or across location or a change in state
(e.g. complete doughnut, broken doughnut) for the objects. This
task, which was part of a larger study (see Section 3.1), concluded
that ASD children performed no different from typical children in
matching faces or objects.

Deruelle et al. (2004) asked their participants to perform a
simultaneous matching task. Although participants with ASD per-
formed worse than typical participants when matching emotional
expressions, gaze direction, gender and lip-reading, they per-
formed just as well as individuals when matching facial identity.

Behrmann et al. (2006) used a simultaneous same–different task
in which pairs of faces, objects, and Greebles were presented side
by side. Stimulus pairs were displayed until response and accu-
racy was  very high – in fact, there was  no significant difference
in accuracy between participants with and without ASD. Thus, the
main dependent measure was reaction time. RTs were much higher
for individuals with ASD than for typical participants for all three
stimulus categories, and this effect was  larger for the more difficult
compared to easier discriminations for each stimulus type. How-
ever, these data do not provide evidence for a specific deficit in
face perception in ASD although the authors argue that these tests
show a face recognition deficit: the higher RTs in all three tasks
could reflect either a general impairment in shape perception, or a
general increase in RT for participants with ASD.

Riby et al. (2008) used a simultaneous 2AFC match-to-sample
task either with full faces or with internal features only. ASD
participants performed similarly to control participants with devel-
opmental delay; there was  no significant effect of group. (However,
all children performed at chance on the task with internal features
only – thus this task was clearly too difficult for the children.)

In summary, studies that used simultaneous presentation of
sample and test stimuli in simple face perception tests have not
found differences in performance between their participants with
ASD and typical individuals.

3.2.2. Memory demand—differences in simple face perception
between ASD and typical individuals

Next we  briefly describe seven experiments that imposed a
small delay between sample and test faces and found face discrim-
ination deficits in participants with ASD.

Serra et al. (2003) tested children with PDD-NOS on a paradigm
in which they were asked to say if a target face was present or not
in a subsequently presented array of four test faces. They also used
a similar task with patterns. Between-group statistics revealed that
the children with PDD-NOS performed significantly worse than T
on the face task than on the pattern task.

Robel et al. (2004) used two versions of a same–different match-
ing task. When discriminating identical images of a face from faces
of two  different people, children with ASD performed as well as
their CA-matched T group (the main effect of group was  not signif-
icant) – but both groups were at ceiling, thus we are disregarding
this finding. However, when discriminating the same person but
with a different emotional expression from two different faces, ASD
children performed worse than typical children (and there were no
ceiling/floor effects).

Using a sequential 2AFC match-to-sample task, Scherf et al.
(2008) tested identity discrimination either within gender (‘indi-
vidual or exemplar trials’) or across gender (‘gender or subordinate
trials’) in both a group of children and a group of adults with
ASD and their respective typical groups. Furthermore, they tested
human faces as well as Greebles and common objects as stimuli.
They found that the participants with ASD performed worse on
faces than on Greebles or common objects, supported by a signifi-
cant interaction of group (ASD, TD) × stimulus type (faces, Greebles,
common objects). When statistical analyses were performed on
the data from individual stimulus types, participants with ASD also
performed worse than T in Greeble recognition (but performed sim-
ilarly on common objects). Still, effect sizes clearly show that face
recognition is disproportionately affected in ASD.

Wallace et al. (2008) had their participants perform simple iden-
tity discriminations with both faces and cars. ASD participants
performed worse than T on faces, but not on cars as shown in a
significant interaction between group (ASD, T) and stimulus type
(face, car). Thus, Wallace et al. present additional evidence for a
selective impairment of face recognition.
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Wolf et al. (2008) tested ‘immediate memory for faces’: partici-
pants saw a target face in frontal view for 1 s and then immediately
afterward three sample faces in 3/4 views; they were asked to
match the target to one of the three samples. They found a signif-
icant main effect of group (ASD, T) with the 66 children with ASD
performing worse than the 67 CA- and IQ-matched typical children.
Interestingly, Wolf et al. (2008) also tested a subgroup on a similar
paradigm with cars – here they did not find differences between
groups, suggesting that their findings are face-specific.

In two recent studies, Wilson et al. (2010a,b) investigated two
groups of children with ASD on a sequential matching task with
faces and shoes. In the first study, children with ASD were impaired
in both face matching and shoe matching in comparison to CA-
matched individuals (Wilson et al., 2010a). When matching faces,
the ASD group performed close to floor (but had above chance per-
formance when matching shoes). In the second study (Wilson et al.,
2010b), which was mainly designed to study parents of children
with ASD, the children with ASD were impaired in face matching,
but not in shoe matching relative to scores from typical individuals
taken from the previous study.

Thus, many experiments (19 out of 24) fit our hypothesis that
if a simple face perception task has no memory demand it will
show no deficits in people with ASD, but if it has even a small
memory demand it will show deficits in people with ASD. Five
studies described next do not fit neatly into this scheme. All of
them used simultaneously presented stimuli and find differences
between their ASD and typical participants. Here we  review them
in more detail.

In the first study, Tantam et al. (1989) asked children with ASD to
find “the odd-one” among four pictures, either showing three peo-
ple with the same and one with a different emotional expression
(emotion task), or three instances of the same person each with a
different emotional expression and one different person (identity
task). They found a main effect of group, with ASD children per-
forming worse than typical children, and a main effect of task, with
the identity task being easier than the emotion task. The interaction
group × task (emotion, identity) was not significant. Unfortunately,
no simple tests were run comparing the performance of the ASD and
T on the identity task only (despite the interaction in the ANOVA
not being significant, this would still be worth knowing particu-
larly because of the main effect of task). Thus, it is not entirely clear
if ASD participants with ASD performed worse than typical indi-
viduals on the face identity task. Reported means suggest that the
ASD children performed much worse on the emotion task than the
typical children, but only slightly worse on the identity task.

In the second study, Davies et al. (1994) administered var-
ious face tasks, always comparing a group of low-functioning
ASD children to a group of low-functioning children with learn-
ing disabilities, and a group of high-functioning ASD children to
a group of typical children. In Experiment 1, participants had
to pick out a third picture to match two other simultaneously
presented face pictures based on a common feature; either an
incidental feature (e.g. glasses), the emotional expression or the
person’s identity. The authors found no differences between the
low-functioning groups, but a main effect of group for the high-
functioning groups, with typical children outperforming the ASD
children. Experiment 2 consisted of four matching tasks, in which
one face stimulus had to be matched to one of four simulta-
neously presented stimuli. Face matching was either based on
identity across pose, identity across emotional expression, or emo-
tional expression across identity. In addition, they also performed a
pattern-matching task across a change in location. As in Experiment
1, Davies et al. (1994) found no performance differences between
their low-functioning groups, but a significant difference between
their high-functioning groups. The authors did not test group dif-
ferences for each task separately, thus their result can only be

interpreted as a very general deficit in (mainly face) perception in
high-functioning ASD children in comparison to their typical peers,
but not in low-functioning ASD children in comparison to a group of
low-functioning children with learning disabilities. Thus, although
stimuli were presented simultaneously, authors still found differ-
ences between high-functioning (but not low-functioning) ASD and
typical individuals.

Riby et al. (2009) had participants perform a simultaneous 2AFC
match-to-sample task on either upper or lower halves of faces. A
significant interaction between group (ASD, T1, T2, T3) and condi-
tion (upper half, lower half) as well as a significant main effect of
group showed that those with autism performed worse than any of
the CA-, or VMA-, or NVMA-matched control groups. Additionally,
while all typical groups performed better on the upper than the
lower half of the face, there was no difference in performance for
the upper versus the lower half of the face in the ASD group.

Wolf et al. (2008) had participants perform two simultaneous
3AFC match-to-sample tasks: matching identity across emotional
expression, or matching identity across pose either without mask
or with either the mouth or the eyes of the test faces masked. In
both matching tasks ASD children performed significantly worse
than CA- and VMA- and NVMA-matched typical children.

Thus, of the five experiments that do not fit neatly with our
hypothesis (that if a simple face perception task has no memory
demand it will show no deficits in people with ASD, but if it has
even a small memory demand it will show deficits in people with
ASD), the exact results with regard to the face identity task of one
study are unclear (Tantam et al., 1989) and one study (with two
experiments) finds differences only in high-functioning, but not in
low-functioning children (Davies et al., 1994). The three other stud-
ies form an interesting class as they all test simple face perception
– the discrimination between two individuals – with simultaneous
presentations but with high perceptual demands: discriminations
had to be made on face halves and across pose (Riby et al., 2009)
or across emotional expression with 3 alternatives (Wolf et al.,
2008), or across pose and with masked features and with 3 alter-
natives (Wolf et al., 2008). We speculate that these three studies
thus tapped into more fine-grained perceptual discriminations. As
we will discuss below, subjects with ASD are impaired in fine-
grained perceptual discrimination on faces even if simultaneous
presentation of the stimulus material does not impose a memory
demand on the task. Thus, although these studies apparently do not
fit our hypothesis in its first definition they provide first hints to a
refinement of this hypothesis that we  will discuss next.

Summarizing the studies on simple face perception, the conflict-
ing results from the heterogeneous set of studies can be resolved
in part by assessing the memory demand imposed by the task (see
Fig. 2). Even a slightly higher memory demand – presenting stimuli
sequentially rather than simultaneously – seems to account for the
impairments in face discrimination reviewed here. Furthermore,
five experiments also tested other object categories. Of these five
studies, four found the recognition deficits to be specific for faces.
We thus conclude that the evidence strongly favors a face-specific
recognition impairment as long as the task entails some memory
demand.

3.3. Fine-grained face perception

Fine-grained face perception task require discriminations
between two (or more) faces with only subtle differences between
their features (rather than two  entirely different identities). Here
we find that the relationship between memory demand and study
outcome is influenced by a third factor, namely the feature to be
discriminated (eyes only, mouth only, or either eyes or mouth com-
bined; see also Fig. 2). Next, we  summarize the seven studies testing
participants’ discrimination ability of “featural” and “configural”
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changes: “Featural changes” are changes in features per se, i.e.,
changing the identity or the size of the eyes only, but keeping the
rest of the face, while “configural changes” are changes in the spac-
ing between features, e.g. moving the eyes further away from each
other. The latter is also commonly called “sensitivity to spacing”.

Three studies (Faja et al., 2009; Nishimura et al., 2008; Wallace
et al., 2008) used stimuli that contained both changes in eyes and
mouths, giving the participants the opportunity to base their dis-
criminations on either of these two features (without of course
being able to control which ones they actually chose). Just as we  saw
for the studies on simple face perception, the study with memory
demand finds worse performance in those with ASD in comparison
to T (Faja et al., 2009), while the study without memory demand
(Nishimura et al., 2008) does not.

Specifically, using paradigms in which stimuli were presented
simultaneously and for unlimited time, Nishimura et al. (2008) did
not find performance differences between their adult ASD par-
ticipants and the CA- and IQ-matched typical participants (the
main effect of group was not significant): neither in a combined
analysis of the three tasks testing sensitivity to spacing, featural
changes or changes in face contour, nor in a separate analysis of
only the task testing sensitivity to spacing. ASD participants were
however overall slower to respond than typical individuals. In con-
trast to Nishimura et al., Wallace et al. (2008) used a sequential
same–different task with brief presentation times and did find dif-
ferences between ASD and typical participants. They investigated
feature discrimination and sensitivity to spacing together in face
(e.g. eye-to-eye distance) as well as in house stimuli (e.g. window-
to-window distance). ASD participants performed worse than T on
faces, but not on houses as reflected in a significant interaction
between group (ASD, T) and stimulus type (face, house). Faja et al.
(2009) also used a sequential matching task, and found that their
adult ASD participants performed less accurately than CA- and IQ-
matched typical participants (main effect of group was  significant).

The other four studies investigating fine-grained face perception
contrasted discrimination abilities on eyes versus mouth. Unan-
imously, they all find that participants with ASD perform worse
than T on eye discrimination, but perform similarly on mouth
discrimination. This finding held independent of whether these
studies addressed featural or configural changes, separately or
combined. And importantly, this finding also held independent of
the experimental approach. Thus, these studies strongly suggest an
eye-selective recognition deficit in ASD.

Investigating sensitivity to spacing, Rutherford et al. (2007)
tested adolescent and adult ASD participants and CA- and IQ-
matched typical participants in a very thoroughly conducted
experiment. Researchers not only varied either eye-to-eye or
mouth-to-nose distance (each at five different displacement lev-
els), they also tested the effect of inversion (upright, inverted)
and display duration (1 s, 2 s and 4 s). Because many ASD partic-
ipants did not even reach a threshold performance level (set at
67% correct) for more difficult displacement levels, the authors per-
formed a between-group analysis only at the greatest displacement
level (10 px): they found impairment in sensitivity to eye spacing
changes in their participants with ASD in comparison to T (main
effect group). In contrast, participants with ASD were as sensitive
as T for spacing changes involving the mouth. Most interestingly,
this study also found evidence for two distinct subgroups in their
ASD participants: those who performed similar to the typical par-
ticipants on the eye spacing task, and those who performed worse.
The two groups did not differ in their performance on the mouth
spacing task. This finding suggests another potential underlying
cause for the heterogeneity seen in ASD, namely, the existence of
subgroups.

Looking at featural changes alone, Joseph et al. (2008) used a
sequential 2AFC match-to-sample task in which either the eyes or

the mouth was varied. They did not find any differences between
their children and adolescents with ASD and CA- and IQ-matched
T (although the authors report a main effect of group, with ASD
participants performing marginally [p < .1] worse than typical par-
ticipants when the eyes were varied, but not when the mouths
changed).

Investigating both featural and configural changes together,
Riby et al. (2009) found a main effect of group, with the ASD group
performing significantly worse than any of their either CA-, VMA-,
or NVMA-matched control groups as well as a significant interac-
tion between group (ASD, T1, T2, T3) and feature (eyes, mouth).
Within-group analyses revealed that while all typical groups per-
formed better on eyes than on mouth trials, ASD participants
performed better on the mouth than the eye trials.

Similarly, Wolf et al. (2008) studied both configural (eye-to-eye
or mouth-to-nose distance) and featural (size of eyes or mouth)
discrimination in a large group of participants. They found a group
(ASD, T) × feature (eye, mouth) interaction showing that their the
67 ASD participants were less sensitive to eye-to-eye distance and
eye size, but just as sensitive to mouth-to-nose distance and mouth
size as their 66 CA- and IQ-matched typical participants. Interest-
ingly, Wolf et al. (2008) also tested sensitivity to spacing for house
stimuli: here the ASD participants outperformed the typical partic-
ipants in sensitivity for window-to-window distances (main effect
of group); however, these results are difficult to interpret as the
typical children performed at chance.

In summary, studies on fine-grained face perception suggest
eye-specific recognition deficit in ASD (independent of memory
demand; see also Fig. 2 and Table 3). When discrimination is not
dependent on the eyes, participants with ASD show a recognition
deficit only if the memory demand is high.

3.4. Standardized face recognition tests

Having found that people with ASD show a deficit in face mem-
ory tasks in comparison to typical participants we  now ask the
question: “Are individuals with ASD as impaired at face recogni-
tion as prosopagnosic patients are or are their deficits significant
but subtle?” In acquired prosopagnosia, damage to the posterior
right hemisphere regions leads to severe and selective deficits in
face identity recognition. To compare ASD participants’ perfor-
mance in face recognition with scores obtained from a large typical
population as well as with scores obtained from patients with
prosopagnosia, researchers make use of standardized face recog-
nition tests. Furthermore, the use of standardized face recognition
tests allows for the comparison of face identity recognition perfor-
mance across laboratory sites.

All but one study employing standardized face recognition tests
found deficits in face processing in ASD participants compared to
typical participants (as evidenced by between-group statistical dif-
ferences; see Table 4): Benton facial recognition test (Annaz et al.,
2009; Wallace et al., 2008), Warrington recognition memory for
faces (Blair et al., 2002), Kaufman face recognition test for chil-
dren (de Gelder et al., 1991; Klin et al., 1999), face subtest of the
Wechsler Memory Scale (Faja et al., 2009; Williams et al., 2005) and
Cambridge Face Memory Test (Kirchner et al., 2011; O’Hearn et al.,
2010). McPartland et al. (2011) found their adolescents with ASD to
be marginally worse (p = .08) on the Children’s Memory Scale Faces
Subtest in comparison to CA- and VMA-matched T. Two studies
found only some, but not all, of their participants with ASD, were
compromised on these tasks (Klin et al., 1999; O’Hearn et al., 2010,
see below).

One of the most interesting findings among these studies is the
result from O’Hearn et al. (2010).  Unlike many of the other face
recognition tests that have been criticized for a lack of validity
(e.g. the Benton facial recognition test can be performed using a
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pixel-matching strategy rather than a face-identity-matching strat-
egy, Duchaine and Nakayama, 2004) the test administered in this
study is the Cambridge Face Memory Test (CFMT; Duchaine and
Nakayama, 2006), which requires matching faces across changes
in pose, illumination and with added noise. While children and
adolescents with ASD were unimpaired in the CFMT in compari-
son to their typical peers, adults with ASD performed significantly
worse than typical adults. In fact, adult participants with ASD per-
formed no differently from patients with prosopagnosia! (Caveat:
also typical children seem to perform at the level of patients with
prosopagnosia, which raises the question whether the CFMT might
underestimate typical face performance in children.) The authors
interpret their findings as evidence that the typical developmental
improvement in face recognition during childhood and adolescents
is disrupted in ASD. (Note, that the study is not a longitudinal, but
a cross-sectional study and thus might be confounded by cohort
effects. For example, it is conceivable that the ASD children and
adolescents nowadays received more extensive training than the
adults (when they were children/adolescents) to compensate for
their deficits and thus perform on an equal level with their peers).
The findings by O’Hearn et al. were partly confirmed in another
study by Kirchner et al. (2011),  who also found their adults partici-
pants with ASD to perform worse on the CFMT compared with CA-
and VMA-matched typical individuals. Wilson et al. (2010b) inves-
tigated parents of children with ASD using the CFMT. Fathers’ scores
but not mothers’ scores, were significantly lower than average.
Importantly, the scores were not so low as to support a diag-
nosis of prosopagnosia; only subtle face perception impairments
were found in parents of children with ASD consistent with the
Broader Autism Phenotype (Bailey et al., 1998; Bolton et al., 1994).
Unfortunately, in all the studies cited above, no equivalent task
involving objects was administered, thus it remains an open ques-
tion whether these deficits are specific to faces, or affect shape
perception more generally.

Of all studies using standardized face recognition tests, only one
compared performance on a face recognition test with other object
recognition tests. Blair et al. (2002) showed that ASD participants
performed below the 50th percentile on the Warrington recogni-
tion memory for faces and these scores were significantly worse in
comparison to VMA-matched individuals (the CA-matched individ-
uals did not perform the memory task). Furthermore, although ASD
participants performed similar to CA-matched individuals in leaf
and building memory (but performed better than VMA-matched
individuals), they performed worse in cat, horses, and motorbike
memory in comparison to CA-matched individuals (but performed
similarly to VMA-matched individuals in these categories). These
results neither suggest a recognition deficit that is face-specific
deficit nor a very general object recognition deficit.

Consistent with the idea that object memory may  be generally
impaired in ASD, Williams et al. (2005) as well as O’Hearn et al.
(2010) used a spatial span memory test and found their ASD par-
ticipants to be impaired in comparison to typical individuals. In
contrast, Klin et al. (1999) tested their participants on a spatial
memory test and found no differences between groups.

Thus, some domain-general memory deficit might contribute
to the face recognition deficits found with the standardized tests.
This is particularly the case as most of the standardized face recog-
nition tests (with the exception of the Benton facial recognition
test) impose a substantial memory demand.

In conclusion, almost all studies using standardized face recog-
nition tests found ASD participants to be impaired in face
recognition (see also Fig. 2). Notably, the majority of the standard-
ized tests imposes a strong memory demand and at the same time
shows face recognition deficits in ASD participants, thus strength-
ening our finding of face memory impairments in people with ASD.
The exception to this rule is the Benton facial recognition test, in

which images are presented simultaneously and on which ASD
participants still were impaired. Particularly the studies using the
Cambridge Face Memory Test seem to confirm the hypothesis that
people with ASD are as impaired in face memory as patients with
prosopagnosia. Because of its high validity and reliability, it would
be most informative to test people with and without ASD on the
CFMT and a similar test with object stimuli to further rule out the
alternative explanation of a more generalized memory deficit.

3.5. Summary of part 3: face identity memory and perception

This review of studies on face identity memory and perception
(see also Fig. 2) shows that face memory is impaired in participants
with ASD compared to typical individuals. This finding is evident in
the tasks that investigated face memory directly as well as in the
standardized facial recognition tasks, of which most rely heavily
on memory. The impact of a memory demand on face recogni-
tion also emerges in the studies on simple face perception that
made use of sequential matching tasks, where people with autism
also showed worse performance than typical individuals. In con-
trast, most studies that used simultaneous presentation of stimuli
did not reveal differences in performance between those with and
without autism. Thus, even if the memory demand is only mini-
mal, it seems to have a sufficient impact on autistic participants’
performance in face recognition. The studies on fine-grained face
perception extend the findings on face memory and simple face
perception by highlighting the fact that people with ASD seem to
have particular difficulties discriminating eyes (but perform sim-
ilarly to typical individuals on the mouth). This pattern is evident
even when there is no memory demand.

Having established a deficit in face identity recognition in ASD,
a crucial question is whether this deficit is specific to faces. If
not, these findings would suggest a domain-general impairment
in e.g. memory or attention. Fifteen experiments (in 12 articles)
investigated face identity recognition and compared it to the recog-
nition of other visual objects such as patterns (Davies et al., 1994;
McPartland et al., 2011; Serra et al., 2003), cars (Wallace et al., 2008;
Wolf et al., 2008), buildings (Boucher and Lewis, 1992; Hauck et al.,
1998; Wallace et al., 2008; Wolf et al., 2008), Greebles (Scherf et al.,
2008), common objects (Scherf et al., 2008) and shoes (Gepner et al.,
1996; Wilson et al., 2010a,b). Blair et al. (2002) tested face memory
against memory for cats, horses, motorbikes, leaves and buildings.
All studies found face recognition deficits in their participants with
ASD, and further 11 of these 15 studies found that their participants
with ASD performed worse in face recognition, but not in the recog-
nition of other object types, thus showing face-specific deficits.
In summary, a majority of studies show face-specific recognition
deficits in people with ASD.

4. Grand summary

At first glance, the literature reviewed here presents a frustrat-
ingly inconsistent picture: of ninety experiments investigating face
identity recognition in ASD, about half found that people with ASD
perform worse than typical individuals (N = 46) and about a half
found them to perform the same (N = 44). Upon closer inspection,
however, we  find a number of systematic patterns in the literature.

First, our review finds that face identity perception is qualita-
tively similar between people with ASD and typical participants.
That is, we do not find compelling evidence for differences in how
people with ASD process facial identity. Indeed, the available evi-
dence indicates that three of the classic hallmarks of face-specific
processing – the inversion effect, the part-whole effect, and the
composite effect – are all present in people with ASD. Most of the
other face markers, such as face space and the Thatcher effect,
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are only investigated in a few studies, so it will be important in
future research to determine which of these other markers of face
processing are present in ASD.

Second, turning to quantitative differences in face perception
(how well people with ASD process faces), we find that two  dif-
ferent aspects of face identity processing are specifically impaired
in ASD. In one, people with ASD perform less accurately in face
memory tasks, even if the memory demand is only minimal (e.g.
as in consecutive versus simultaneous presentation of stimuli).
Current evidence further suggests that this memory impairment
is quite selective for faces per se, and does not reflect a broader
memory problem for any visual material. Further, this deficit is
much stronger when a delay (even a very short delay) intervenes
between the two presentations of a stimulus, indicating that this
deficit reflects more of a problem with in face memory than in face
perception. The idea that face memory may  be a distinct mental
function, dissociable from both visual memory for non-face objects,
and from perceptual processing of faces, dovetails with prior work
on selective deficits in face memory (or “prosopamnesia”). Specif-
ically, two neurological patients have been reported (Tippett et al.,
2000; Williams et al., 2007), who are impaired at remembering
faces, but not other object categories, while at the same time show-
ing no deficit in perceptual discrimination of faces. Additionally,
Lawrence et al. (2003) show that women with Turner syndrome
have impairments in face memory, but normal face perception,
perhaps because of reduced emotional significance of faces – a
hypothesis that is interesting to consider for the case of autism
as well given that deficits in emotion recognition are part of the
autism symptomatology (Harms et al., 2010). Thus, the evidence
from autism adds to this prior neuropsychological evidence that
the face memory system may  be segregated from other memory
systems, as well as from a face perception system.

The results of this review naturally raise the question of what
brain differences in ASD underlie the face identity recognition
deficits reviewed here. A full treatment of this controversial ques-
tion is beyond the scope of the current review, but we note here that
two key claims have been made: first, early reports of a hypoacti-
vation of the fusiform face area in individuals with ASD (Schultz
et al., 2000; Pierce et al., 2001) do not replicate consistently, e.g.
when face scanning strategies are controlled (Dalton et al., 2005;
Hadjikhani et al., 2004, 2006; Perlman et al., 2011) or individ-
ual data analyses are performed (Scherf et al., 2010). Second, the
connectivity of face processing regions may  be abnormal in ASD
(Kleinhans et al., 2008; Koshino et al., 2008; Thomas et al., 2011),
and selective disruptions of the connections of face-processing
regions with memory structures could potentially underlie the face
memory deficits reviewed here.

Beyond face memory deficits, we also found evidence that peo-
ple with ASD have specific deficits discriminating eyes, even if
the task poses no memory demand. It might be that a deficit in
eye-specific discrimination can lead to low performance in face
memory, as the eye region is one part of the face that differs notably
between individuals. Thus, a key question for future research is
whether the face memory deficit results from a specific deficit in
eye perception, and/or whether it persists when the key differences
between faces are found in other parts of the face beyond the eyes.

More generally, it will be important in future to understand the
causal role of face processing deficits in the etiology of the rest of
the autism phenotype. Do fundamental, early-developing deficits
in face memory lead to other aspects of the autism phenotype,
such as impaired social attention and social cognition? Or does the
causality run the other way around, with deficits in face process-
ing resulting from earlier-developing deficits in social attention or
social cognition? Longitudinal studies of these abilities – particu-
larly of children at risk for autism – might shed some light on which
(if either) plays the greater causal role. The answer to this question

will have important implications for the potential impact of any
remediation of face processing. On the former story, early train-
ing in face processing might lead to across-the-board reductions of
autism symptomatology, whereas on the latter hypothesis, training
of face processing will affect only face processing.

One particular causal hypothesis is that atypical eye contact (cf.
Jones et al., 2008) might lead to deficits in eye discrimination and
hence face recognition. There is some evidence for a connection
between atypical eye contact and the recognition performance of
facial expressions (Spezio et al., 2007), which is not that surpris-
ing as a substantial amount of information on the type of emotion
is in the eyes. However, for the case of face identity recognition a
relationship between eye contact and performance has not been
investigated so far. Some evidence against this hypothesis comes
from studies comparing Western Caucasian and East Asian partic-
ipants: while the former focus more on the eyes and the latter on
the nose, the two groups perform similarly on face identity recog-
nition tasks (Blais et al., 2008; Caldara et al., 2010). Of course the
fixation patterns might still differ between East Asian people and
people with ASD, in which case it would still be possible that dif-
ferential fixation patterns are themselves sufficient to lead to the
face processing deficits we  find here in ASD.

In sum, the current literature indicates that face processing is
qualitatively similar in ASD and typical participants, but that people
with ASD perform quantitatively worse (on average) than typi-
cal participants on tasks tapping face memory and eye perception.
Importantly, these deficits in face processing appear to be specific to
faces, rather than reflecting broader impairments in visual process-
ing. Three important questions remain for future research. First, are
deficits in face processing causes or consequence of other aspects of
the autism phenotype? For example, face recognition deficits could
result from deficits in social attention and/or the social reward
system. The answer to this question will determine the potential
impact of any effective methods for remediation of face processing.
Second, which aspects of the neural phenotype of autism underlie
the differences in face processing described here (see brief discus-
sion above)? That is, do differences in face processing in ASD result
from differences in the fusiform face area, other brain regions, or
their respective connections? Third, are the deficits in face percep-
tion reported here generally true of most people with ASD, or are
they found in a distinct subgroup of people with ASD, and if so how
does this subgroup differ cognitively, neurally, and genetically from
other individuals with ASD? The answers to these three questions
will be crucial for the ultimate future goal of mapping the causal
chain that leads from autism genes to autism symptoms.
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Abbreviations
ADI-R autism diagnostic interview, revised
ADOS autism diagnostic observation schedule
AFC alternative forced choice
ASD autism spectrum disorder
CA chronological age
CARS childhood autism rating scale
CFMT Cambridge Face Memory Test
FIE face inversion effect
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DS Down syndrome
DSM diagnostic and statistical manual of mental disorders
HF high-functioning
ICD International Classification for Diseases
LF low-functioning
M the mean
MA mental age
NVMA non-verbal mental age
PDD-NOS pervasive developmental disorder not otherwise speci-

fied
RT reaction time
T typical individual(s)
VMA  verbal mental age
WS Williams syndrome

Excluded studies
Subject sample, who did not meet ASD criteria:
Barton, J.J., Cherkasova, M.V., Hefter, R., Cox, T.A., O’Connor, M.,

Manoach, D.S., 2004. Are patients with social developmental disor-
ders prosopagnosic? Perceptual heterogeneity in the Asperger and
socio-emotional processing disorders. Brain 127 (August (Pt 8)),
1706–1716.

Barton, J.J., Hefter, R.L., Cherkasova, M.V., Manoach, D.S., 2007.
Investigations of face expertise in the social developmental disor-
ders. Neurology. 69 (August (9)), 860–870.

Hefter, R.L., Manoach, D.S., Barton, J.J., 2005. Perception of facial
expression and facial identity in subjects with social developmental
disorders. Neurology. 65 (November (10)), 1620–1625.

These studies investigate people with “social developmental
disorders”, who have similar symptoms as people with ASD, but
not the same.

Missing statistics:
Teunisse, J.P., de Gelder, B., 1994. Do autistics have a generalized

face processing deficit? Int. J. Neurosci. 77 (July (1–2)), 1–10.
This study does not contain any statistical analysis.
Confounds:
Bookheimer, S.Y., Wang, A.T., Scott, A., Sigman, M.,  Dapretto,

M.,  2008. Frontal contributions to face processing differences in
autism: evidence from fMRI of inverted face processing. J. Int. Neu-
ropsychol. Soc. 14 (November (6)), 922–932.

This study sets out to investigate the face inversion effect with
functional magnetic resonance imaging, while participants per-
formed a simultaneous match-to-sample task on faces or forms.
Unfortunately, in the inverted condition, only the target face, but
not the two test faces was  presented upside-down – and thus the
task required mental rotation on top of processing the inverted
face. This additional cognitive component makes the data uninter-
pretable with regard to the standard face inversion effect.

Floor/ceiling effects:
Krebs, J.F., Biswas, A., Pascalis, O., Kamp-Becker, I., Remschmidt,

H., Schwarzer, G., 2011. Face processing in children with autism
spectrum disorder: independent or interactive processing of facial
identity and facial expression? J. Autism Dev. Disord. September
14.

Krebs et al. (2011) first trained a group of children and adoles-
cents with ASD and a group of typical children and adolescents
to identify two men  from photographs. Participants then had
to identify which man  was shown (across changes in emotional
expression). Groups did not differ in either accuracy or reaction
time. However, both groups were at ceiling on this very easy task,
which makes an interpretation of the data thus impossible. (This
study also contains a task on emotional expression, which we  are
not discussing here.)

Tantam, D., Monaghan, L., Nicholson, H., Stirling, J., 1989. Autistic
children’s ability to interpret faces: a research note. J. Child Psychol.
Psychiatry. 30 (July (4)), 623–630. Note, we are excluding only the

part of this study that investigates the inversion effect (Experiment
2), another part (Experiment 1) is reviewed in Section 3.2.

Tantam et al. (1989) investigated children with ASD and their
CA- and NVMA-matched peers and asked them to match emotional
labels like “happy” to one of six faces, with these faces presented
either upright or inverted. A significant group × orientation interac-
tion was  found: typical children were more successful at labeling
upright faces than inverted faces (thus showing a face inversion
effect), while children with ASD showed the same performance for
both upright and inverted faces (thus not showing a face inversion
effect). However, the ASD children were at floor in both upright and
inverted conditions.

Failure to replicate well-known effects in the typical population
(making data of ASD population impossible to interpret):

Annaz, D., Karmiloff-Smith, A., Johnson, M.H., Thomas, M.S.,
2009. A cross-syndrome study of the development of holistic face
recognition in children with autism, Down syndrome, and Williams
syndrome. J. Exp. Child Psychol. 102 (April (4)):456–486.

This study failed to replicate the well-established part-whole
effect in the typical participants. Note, however, that we  are review-
ing this study with respect to of the results from the Benton Facial
Recognition test – see Section 3.4.

Several issues:
Nakahachi, T., Yamashita, K., Iwase, M.,  Ishigami, W.,  Tanaka, C.,

Toyonaga, K., et al., 2008. Disturbed holistic processing in autism
spectrum disorders verified by two cognitive tasks requiring per-
ception of complex visual stimuli. Psychiatry Res. 159 (June (3)),
330–338.

This study compared a group of 10 participants with ASD across
a very wide age range to a group of 15 participants, who were
neither matched on chronological age, verbal mental age, or non-
verbal mental age. Their also only reporting on part of their accuracy
data so that overall an assessment of their results is impossible.

Teunisse, J.P., de Gelder, B., 2003. Face processing in adolescents
with autistic disorder: the inversion and composite effect. Brain
Cogn. 52 (August (3)), 285–294.

This study has several issues: clinical and typical groups were
not matched, and the behavioral tasks differed (e.g. in stimu-
lus presentation and thus difficulty), there are no between-group
statistics, and they were not able to replicate the composite effect
in the typical children.
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