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Perception of facial expression and
facial identity in subjects with social

developmental disorders
Rebecca L. Hefter, BSc; Dara S. Manoach, PhD; and Jason J.S. Barton, MD, PhD, FRCPC

Abstract—Background: It has been hypothesized that the social dysfunction in social developmental disorders (SDDs),
such as autism, Asperger disorder, and the socioemotional processing disorder, impairs the acquisition of normal face-
processing skills. The authors investigated whether this purported perceptual deficit was generalized to both facial
expression and facial identity or whether these different types of facial perception were dissociated in SDDs. Methods:
They studied 26 adults with a variety of SDD diagnoses, assessing their ability to discriminate famous from anonymous
faces, their perception of emotional expression from facial and nonfacial cues, and the relationship between these abilities.
They also compared the performance of two defined subgroups of subjects with SDDs on expression analysis: one with
normal and one with impaired recognition of facial identity. Results: While perception of facial expression was related to
the perception of nonfacial expression, the perception of facial identity was not related to either facial or nonfacial
expression. Likewise, subjects with SDDs with impaired facial identity processing perceived facial expression as well as
those with normal facial identity processing. Conclusion: The processing of facial identity and that of facial expression are
dissociable in social developmental disorders. Deficits in perceiving facial expression may be related to emotional process-
ing more than face processing. Dissociations between the perception of facial identity and facial emotion are consistent
with current cognitive models of face processing. The results argue against hypotheses that the social dysfunction in social
developmental disorder causes a generalized failure to acquire face-processing skills.
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Autism, Asperger disorder, and the socioemotional
processing disorder (SEPD)1 are social developmen-
tal disorders (SDDs) characterized by difficulties
with interpersonal interactions. A number of studies
suggest that the social difficulties of SDDs are asso-
ciated with anomalous face processing.2-4 Also, other
reports note that subjects with developmental pros-
opagnosia have social disabilities reminiscent of As-
perger disorder.5 These findings imply that social
and face-processing abilities are related, perhaps
even causally.

Judging interest and intention from the expres-
sion of emotion plays a vital role in social reciprocity
among individuals. The importance of facial expres-
sion in portraying emotional states has led to a focus
on the perception of expression in many face-
processing studies in SDDs. Individuals with autism
or Asperger disorder are less accurate than controls
in interpreting emotional expressions6-9 and have dif-
ficulty judging the emotional states of others.10 Some
functional imaging studies report a lack of activation
of the fusiform face area in the right occipitotempo-
ral lobe of these subjects during perception of facial

expressions,2,4 although others have not replicated
this finding.11

However, humans garner more than just informa-
tion about emotional states from faces. Cognitive
models have proposed that, after a common early
perceptual stage, face-processing streams diverge, in
particular for expression and identity,12 a proposal
with support from neurophysiology13 and functional
imaging.14,15 Neuropsychological studies have also
shown that some subjects with prosopagnosia can
perceive facial expression normally, supporting an
anatomic dissociation in the perception of facial iden-
tity and expression.16

It is unclear whether subjects with SDDs are im-
paired in the processing of facial identity. While one
study reported no deficit in recognizing familiar fac-
es,17 others found impairments.18,19 Likewise some
studies have shown impaired matching of faces8,20-23

but others have found normal performance.9,24

Determining whether facial expression and facial
identity are both impaired in subjects with SDDs is
important to understanding the nature of their per-
ceptual deficits. A generalized face-processing failure
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might affect judgments about both facial expression
and facial identity. General failure could be second-
ary to a lack of social motivation in subjects with
SDDs, impeding the development of normal face ex-
pertise in early life.25-27 Alternatively, these subjects
may have a primary deficit in face processing,5 im-
plying dysfunction of structures like the fusiform
face area.3,4 Whether the perception of facial expres-
sion would be impaired with a primary defect of me-
dial occipitotemporal structures remains to be
determined. However, face expression analysis may
also be affected as part of a general difficulty with
processing emotion rather than faces. This would be
suggested if facial expression perception correlated
more with the processing of expression from other
nonfacial cues rather than with the perception of
facial identity. This in turn might implicate different
structures located at a sensory convergence point for
multimodal emotion processing, such as the
amygdala.28

We sought to characterize the relationship be-
tween face identification, facial expression analysis,
and the processing of expression from nonfacial cues
in adult subjects with SDDs. Our previous report on
facial identity processing in these subjects29 showed
a wide range of performance in SDDs, with some
subjects performing normally on face identification
tasks and others with variable impairment. If failure
at a stage of face processing common to identity and
facial expression recognition was present in SDDs,
we hypothesized that we would find a high correla-
tion between face identification and facial expression
analysis. This would be expected if face-processing
deficits in SDDs arise as a result of social failure and
lack of interest in faces, leading to a possible failure
to develop facility with either identity or emotion in
faces. On the other hand, if difficulties in the analy-
sis of facial expression in SDD are rooted in a more
general failure to process emotional cues, then we
would expect the analysis of facial expression to cor-
relate with the analysis of expression from nonfacial
cues rather than the analysis of facial identity.

Methods. Subjects. The Committee on Clinical Investigations
at Beth Israel Deaconess Medical Center approved the study pro-
tocol. All subjects gave written informed consent after the experi-
mental procedures had been fully explained according to the
Declaration of Helsinki. We tested 26 adults with SDDs who were

recruited from adult outpatient clinics offering neuropsychological
assessment in the Boston area. We restricted our sample to age 16
years and older due to evidence that face recognition skills may
continue to mature during childhood.30 We excluded subjects with
history of acquired brain disease or major brain injury. Our total
sample included 19 males and seven females (n � 26), with a
mean age of 34.4 years (SD 10.1, range 16 to 49).

It should be noted that the diagnosis of SDDs in adults pre-
sents several challenges. First, most scales used to measure diag-
nostic criteria of these disorders are designed for use with
children and parents, as the definitions of SDDs are generally
based on studies of children. Second, obtaining accurate informa-
tion about early development is difficult due to its retrospective
nature, unless records are available. Finally, the lack of consensus
about diagnostic criteria for each of the disorders that fall under
the label of SDDs (Asperger disorder, autism, right hemisphere
learning disorder, nonverbal learning disorder, and SEPD) makes
for variable diagnoses. For example, SEPD, also referred to as
right-hemisphere learning disorder31,32 and similar to nonverbal
learning disability,33,34 is a disorder mainly defined by the neuro-
logic rather than the psychiatric community. As such, none of
these disorders are found in the Diagnostic and Statistical Man-
ual, Fourth Edition (DSM-IV).

We included several diagnoses within the SDD group due to
the large overlap of diagnostic criteria common to each of these
disorders. Different approaches are used to evaluate and diagnose
each (psychiatric, neuropsychological, behavioral), yet they share
the central diagnostic criterion of social dysfunction. Given that
the aim of the present study was to examine the relationship of
social developmental dysfunction to face processing and given the
ongoing controversies about current nosologic schemes, we in-
cluded subjects with a variety of diagnoses. We considered social
developmental dysfunction, along with the exclusion of other per-
vasive developmental disorders and schizophrenia, to be the core
criterion for the presence of an SDD.

For the present study, the initial diagnosis of an SDD was
made by the referring neuropsychologist and confirmed by a sec-
ond licensed neuropsychologist (D.S.M.) based on a thorough re-
view of psychological, neuropsychological, and medical
evaluations, supplemented by an interview with the subject and a
parental informant when possible. We obtained detailed histories
with attention to birth-related events, developmental milestones,
emotional adjustment, social history, and family history. In addi-
tion, behavioral observations from the neuropsychological evalua-
tion (see below) and the interview were recorded. Special attention
was given to observations regarding paralinguistic communication
ability, including the use of eye contact, facial expression, and
gesture. The supplemental interview and behavioral observations
addressed the material covered by the Autism Diagnostic
Interview-Revised (Short Edition) (ADI-R).35

Diagnosis of SDDs. One diagnostic criterion was common to
each of the three SDDs that we examined and was necessary for
inclusion in the study (table 1). It is best described by DSM-IV
Criterion A for autistic and Asperger disorders as “qualitative
impairment in social interaction, manifest in non-verbal social
behaviors, peer relationships, spontaneous social engagement and
social/emotional reciprocity.”

Table 1 Diagnostic criteria for developmental social processing disorders

Criterion Autism AD SEPD BOTH AD and SEPD

Social impairment Yes Yes Yes Yes

Significant impairment in functioning (i.e., social, occupational, etc.) Yes Yes Yes Yes

Clinically significant general delay in cognitive development N/A No No No

Abnormal language acquisition Yes No No No

Repetitive behavior Yes Yes N/A Yes

Right hemisphere dysfunction (VIQ � PIQ by at least 10 points) N/A N/A Yes Yes

AD � Asperger disorder; SEPD � socioemotional processing disorder; Yes � criterion required for diagnosis; N/A � not applicable to
diagnosis; No � criterion absent for diagnosis; VIQ � Verbal IQ; PIQ � Performance IQ.
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The following criteria are specific to one of the three SDDs in
our sample. Diagnosis of autism (two subjects, one male, one
female). The DSM-IV lists two further criteria for a diagnosis of
autism. The first (Criterion B) is “qualitative impairments in com-
munication, manifested by delay in, or total lack of, the develop-
ment, . . . impairment in . . .and repetitive use . . . of spoken
language.” Second, subjects demonstrated “restricted repetitive
and stereotyped behaviors, interests, and activities.” The latter
criterion was fulfilled if subjects met the cutoff for autism on the
repetitive behaviors and stereotyped patterns domain of the
ADI-R. As each of the subjects diagnosed with autism were living
independently and scored in the normal range on Full Scale IQ,
they were considered high functioning (HFA).

Diagnosis of Asperger disorder (four males). The DSM-IV
lists three further criteria for a diagnosis of Asperger disorder.
The first, repetitive and stereotyped behaviors (Criterion B), is
shared with autism (see above). Second, unlike the autism diagno-
sis, subjects had normal language development, characterized by
“single words used by age 2 years, and communicative phrases by
age 3 years” (Criterion D). Finally, subjects had “no clinically
significant delay in cognitive development” (Criterion E).

Diagnosis of SEPD (10 subjects, seven males). In the present
study, beyond the criterion common to all SDDs, a diagnosis of
SEPD includes normal language acquisition and cognitive devel-
opment as well as evidence of right hemisphere dysfunction. This
was operationalized as normal verbal intellect (Verbal IQ �90)
and superior verbal vs nonverbal intellect, defined as a Verbal IQ
score at least 10 points higher than Performance IQ (a 10-point
discrepancy is significant at the p � 0.05 level36). Repetitive be-
haviors do not play a role in the diagnosis of SEPD. These criteria
are consistent with those of previous studies at our center32,37 and
other groups.31,33,34 As with our autistic subjects, our SEPD subject
all had normal Full Scale IQ. Only one subject had a Performance
IQ that fell slightly below the normal range.

Diagnosis of Asperger disorder and SEPD (10 subjects, seven
males). Several subjects fulfilled criteria for both Asperger disor-
der and SEPD.

Test protocols. Baseline evaluation. We recorded years of
education, parental socioeconomic status as assessed by the Holl-
ingshead Index,38 and handedness using a modified version of the
Edinburgh Handedness Inventory39. All subjects with SDDs were
evaluated with the Wechsler Adult Intelligence Scale-Revised or
Third Edition,36 to provide Verbal and Performance IQ.

Famous face recognition. The test consisted of 20 famous and
20 nonfamous faces, each on a separate piece of paper, presented
to subjects in random order.40 Subjects were asked to divide them
into groups of familiar and unfamiliar faces and to provide names
for the familiar faces, if possible. There was no time limit. Faces
were chosen from several decades, from the 1940s to the present,
and were from the arenas of politics and entertainment. The num-
ber of hits (famous faces labeled as familiar) and false alarms
(nonfamous faces labeled as familiar) were analyzed according to
signal detection theory methods to furnish a score (d’) of their
discriminative ability.

As an adjustment for a given subject’s prior knowledge of fa-
mous faces, we presented subjects with a list of names correspond-
ing to the faces that they failed to identify as famous. If they
indicated never hearing of or seeing a person, that item was re-
moved from the calculation of their final score.

Healthy control subjects for this test were 15 subjects with a
mean age of 29.5 years (SD 8.9, range 21 to 52), which was not
significantly different from our subjects.

Affective recognition. Three standardized tests were used to
gather emotion recognition data from face and nonface stimuli.
Although these require selections of appropriate verbal labels,
language dysfunction is not likely to have confounded the results,
as our subjects had good Verbal IQ scores, with a mean of 118
(SD 19).

Profile of Nonverbal Sensitivity (PONS). This audiovisual test
was used to measure accuracy in deciphering the meaning of
nonverbal emotional cues expressed by a woman through facial
expression, body gesture, and prosody.41 We used two short forms
of the PONS. Part one measured interpretation of prosody via an
audiotape of 40 trial stimuli of a woman’s voice, content-filtered
and randomly spliced to remove semantic content. Part two mea-
sured interpretation of facial expression and body gesture via a
videotape featuring 40 random black and white dynamic trial

stimuli of a woman’s face (20) or body (from shoulders to thighs
[20]) acting out various emotions. There was no sound and the test
was conducted in a dimly lit room. For each stimulus in parts one
and two, subjects selected the scenario description most consistent
with the affective information conveyed from two choices (e.g., A,
reassuring a lost child or B, discussing one’s divorce). Neither test
was timed, and although repetitions of the stimuli were not per-
mitted, subjects were able to pause the recordings if they needed
more time to answer than allowed on tape (although most were
able to keep up with the tapes).

Diagnostic Analysis of Non-Verbal Accuracy (DANVA 2). This
computer-based audiovisual test was used to measure ability to
discriminate emotional cues from content-standard voices and
static faces.42 This test evaluated the ability of subjects to identify
the four basic emotions (happy, sad, angry, fearful) without a
stated context. The test was presented in two parts. Part one
consisted of 24 static color pictures featuring male or female emo-
tional faces. Subjects viewed each picture for 2 seconds, after
which a gray mask replaced the picture. Subjects used the com-
puter mouse to select one of four response “buttons” that correctly
described the emotion shown by the face: happy, sad, angry, or
fearful. After selecting an emotion, subjects pressed the “next”
button and the following picture appeared. The test was adminis-
tered in a dimly lit room. The second part of the test featured 24
intelligible sound clips of male and female content-standard
voices. Each voice said the same affectively neutral phrase in an
emotional tone of voice. Subjects were able to listen to each phrase
again by pressing the “repeat” button. Emotion response buttons
were the same as for the face test, and the next audio clip was
heard after subjects selected their response. Construct validity
evidence has been demonstrated, and lower accuracy scores are
significantly correlated with lower social competence.42

Revised “Reading the Mind in the Eyes” Test (Eyes test). This
is a computer-based test used with adults to measure advanced
Theory of Mind, which, here, involves inferring the mental state of
a person from photographs of pairs of eyes.6 Subjects were pre-
sented with 36 black and white photographs of the eye region of
both male and female faces. Four terms describing complex men-
tal states appeared with each picture (i.e., reflective, aghast, irri-
tated, impatient); each picture had four different terms. Subjects
were instructed to choose the word that best described how the
person in the picture was feeling by pressing the corresponding
key on the computer keyboard. A glossary of all the terms appear-
ing in the test was provided, and subjects could consult it at any
time if they were unsure of a word’s meaning. The test was not
time limited. The Eyes test has been validated in very high func-
tioning adults with autism and Asperger disorder who are signifi-
cantly impaired on this test compared to age-matched controls.

Analysis. From the three tests of emotion recognition, we de-
rived two composite scores. One characterized the ability to recog-
nize facial expression. This included the 20 facial items of the
PONS, the 24 facial items of the DANVA, and all 36 items of the
Eyes test, to give a score out of 80. The other score characterized
the ability to perceive nonfacial expression. This included the 40
auditory and 20 nonfacial visual items of the PONS and 24 audi-
tory items of the DANVA, to give a score out of 84.

Our goal was to determine whether the ability to perceive
facial expressions, as indexed by the face expression composite
score, was related to 1) the ability to perceive facial identity, as
measured by the d’ discriminative score on our famous faces test,
or 2) the ability to perceive nonfacial emotions, as indexed by the
nonfacial expression composite score. We performed two analyses
to test these possibilities.

First, we performed linear regressions of each score against the
others for all our subjects. Second, we performed a group analysis
of the data for the SDD-1 (normal face identity recognition) and
SDD-2 (impaired face identity recognition) subgroups that were
defined by cluster analysis in our prior study.29 There were 10
subjects with SDDs who scored well within the normal range (2.19
to 3.88) on the famous face recognition test (d’ � 2.9): these were
eight men and two women with mean age of 36.8 (SD 7.6) years.
There were 16 subjects with SDDs whose d’ ranged from 0.75 to
2.25: these were 11 men and five women with a mean age of 32.9
(SD 11.4) years. The age and sex of these two groups were not
significantly different. We examined whether the scores for facial
expression and nonfacial expression perception differed between
the SDD-1 and SDD-2 groups using t tests.
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Results. As might be expected, the ability to recognize
facial identity and the ability to perceive emotional infor-
mation in nonfacial cues were not correlated (r � 0.18, p �
0.36). However, the key finding of our study was that the
processing of facial identity was also not correlated with
the ability to recognize facial expressions (r � 0.04, p �
0.84). In contrast, there was a correlation between facial
and nonfacial expression analysis (r � 0.40, p � 0.05).
Therefore, the perception of facial emotions was related to
the perception of emotions from auditory or body cues
more than to the perception of facial identity (figure).

The comparisons between the SDD-1 subgroup (normal
facial identity recognition) and the SDD-2 subgroup (im-
paired facial identity recognition) supported this conclu-
sion (table 2). While by definition these groups differed
significantly on d’ for face identity, t tests showed no differ-
ence for their perception of face expression (p � 0.27) and
nonfacial expression scores (p � 0.30).

We also examined the effect of diagnostic label on per-
formance of facial and nonfacial expression perception us-
ing one-way analysis of variance with diagnostic label
(Asperger disorder, HFA, SEPD, Asperger disorder and
SEPD) as the variable. The results showed that neither
facial (F(3,21) � 1.38, not significant.) nor nonfacial
(F(3,21) � 1.49, not significant) expression perception were
significantly related to diagnostic label. Thus, having a

particular clinical diagnosis did not predict the ability to
analyze either type of expression cue. This parallels our
previous finding that clinical diagnosis did not correlate
with the ability to recognize faces.29

Discussion. Our study found that the perception
of facial identity in subjects with SDDs is related
neither to the perception of facial expression nor to
the perception of nonfacial expression. Rather, the
ability to process expression from facial cues was
correlated with the ability to process expression from
nonfacial cues (voices and body), even though some
expression items were presented in a different sen-
sory modality (visual or auditory). While both iden-
tity and expression information are available in all
faces, and our subjects with SDD showed a wide
range of abilities for both, performance with one type
of facial processing did not correlate with the other.
The group analysis confirmed this by showing no
significant difference in the processing of facial ex-
pressions between the group with normal and the
group with impaired recognition of facial identity.

We previously reported that subjects with SDDs
are not uniformly impaired on a range of facial tasks
related to the processing of identity, including fa-
mous face imagery, perception of the configuration of
facial features, face matching, short-term facial
memory, and famous face familiarity.29 Indeed, one
group of subjects (SDD-1) was consistently normal
on all tests of identity. On this basis, we concluded
that developmental social dysfunction does not inev-
itably lead to impaired face processing. One hypoth-
esis about the relationship between defective face
processing and defective social function is that im-
paired social skills limits the interest that subjects
with SDDs have in faces and that this limited inter-
est impedes their acquisition of normal perceptual
expertise with faces.25-27 Given our data, this hypoth-

Figure. Correlation of face expression, face identity, and nonfacial expression perception in social developmental disorders
(SDDs). In each graph, the score for one function is plotted against that of another for each individual patient. Linear
regressions are shown for the entire group of subjects with SDDs. (A) The composite score for nonfacial expression is plot-
ted against the identity d’ (which is the ratio of hits to false alarms, using normalized values) obtained in judging the fa-
miliarity of famous vs anonymous faces. (B) The composite score for facial expression is plotted against identity d’. (C)
The composite scores for facial and nonfacial expression perception are plotted against each other. The correlation is sig-
nificant only for the plot in C. Black disks show data for SDD-1 subjects (normal facial identity recognition); gray trian-
gles show data for SDD-2 subjects (impaired facial identity recognition). Unit for d’ graphs is a ratio of hits to false
alarms.

Table 2 Comparison of scores between SDD-1 and SDD-2 groups

SDD-1 mean SD SDD-2 mean SD

Face identity (d’) 3.3 0.4 1.6 0.5

Facial expression (/80) 62.3 6.0 59.8 5.0

Nonfacial expression (/84) 59.5 6.3 56.9 5.8

Only face identity is significant at p � 0.0001.

SDD-1 � social developmental disorder, normal face identity rec-
ognition; SDD-2 � social developmental disorder, impaired face
identity recognition.
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esis would require modifications to explain why some
subjects with SDD can have normal face identifica-
tion as well as the fact that subjects with SDD with
normal and those with abnormal face identification
do not differ on indices of the severity of their social
dysfunction. Also, thoughts about causality should
consider two other potential forms of linkage be-
tween face processing and social dysfunction. One is
that face perception and social skills in SDD are not
causally related but correlated, perhaps due to
shared anatomic or pathogenetic susceptibilities to
the etiologic agent responsible for the syndrome. The
other is that SDD as a syndrome may have multiple
causes, and that, in one subgroup, face perception
impairments contribute to the failure to develop nor-
mal social interactions.5

The data in this study add to the debate about the
relationship between social deficits and face process-
ing by showing widely varying abilities in facial ex-
pression analysis, both in individuals with SDDs
with normal face identification and subjects with
SDDs with impaired face recognition. This argues
against a generalized failure to process faces, partic-
ularly in the subgroup with impaired processing of
facial identity, and suggests that the perceptual as-
pects of faces required to correctly identify a familiar
face differ from those needed to recognize expression
(a conclusion supported by psychophysical data from
normal subjects showing that the processing of facial
identity and facial expression use different compo-
nents of visual information from faces,43 different
spatial frequencies,44 and different regions of the
face45,46). A generalized failure for all facial process-
ing might be predicated on the hypothesis that face
perception does not develop in those whose social
failure leads them to ignore or avoid faces from early
in life through adulthood.25-27 However, the fact that
some subjects with SDDs can perceive facial identity
but not facial expression, a finding also reported in
one other study,17 while other subjects with SDDs
have the reverse pattern of ability strongly argues
against such a generalized failure to achieve exper-
tise with faces. Rather, the findings are consistent
with models of face recognition that propose diver-
gent processing streams for the perception of facial
expression and facial identity.12 These models are
supported by monkey neurophysiologic work13 and
functional imaging studies14,15 that suggest that the
superior temporal sulcus plays a greater role in pro-
cessing social cues from faces, while the inferotempo-
ral cortex in monkeys and the fusiform face area in
humans are more involved in discriminating facial
identity (for a dissenting view, see Tiberghien et
al.47). They are also consistent with neuropsychologi-
cal data from subjects with prosopagnosia that reveal
normal perception of expression in some subjects,16 but
not others.48 The results of this study also suggest that
the processing deficits in SDDs can affect these diver-
gent streams independently and variably rather than
at an earlier perceptual stage common to both expres-
sion and identification of faces.

Our results suggest that deficits in perceiving fa-
cial expression in SDD are linked to emotional pro-
cessing rather than face processing. A multimodal
deficit in emotional processing in SDDs would be
consistent with previous findings that subjects with
autism or Asperger disorder have difficulty recogniz-
ing emotions in both visual8,9 and auditory7,49 modal-
ities. Future work should include functional imaging of
individuals with SDDs while performing identity and
expression recognition tasks to confirm the presence of
divergent streams of identity and expression process-
ing and to identify their anatomic components.

References
1. Manoach D, Sandson T, Weintraub S. The developmental social-

emotional processing disorder is associated with right hemispheric ab-
normalities. Neuropsychiatry Neuropsychol Behav Neurol 1995;8:99–
105.

2. Critchley HD, Daly EM, Bullmore ET, et al. The functional neuroanat-
omy of social behaviour: changes in cerebral blood flow when people
with autistic disorder process facial expressions. Brain 2000;123:
2203–12.

3. Schultz RT, Gauthier I, Klin A, et al. Abnormal ventral temporal corti-
cal activity during face discrimination among individuals with autism
and Asperger syndrome. Arch Gen Psychiatry 2000;57:331–40.

4. Pierce K, Muller RA, Ambrose J, et al. Face processing occurs outside
the fusiform ’face area’ in autism: evidence from functional MRI. Brain
2001;124:2059–73.

5. Kracke I. Developmental prosopagnosia in Asperger syndrome: presen-
tation and discussion of an individual case. Dev Med Child Neurol
1994;36:873–86.

6. Baron-Cohen S, Wheelwright S, Hill J, et al. The “Reading the Mind in
the Eyes” Test revised version: a study with normal adults, and adults
with Asperger syndrome or high-functioning autism. J Child Psychol
Psychiatry 2001;42:241–251.

7. Gioia JV, Brosgole L. Visual and auditory affect recognition in singly
diagnosed mentally retarded patients, mentally retarded patients with
autism and normal young children. Int J Neurosci 1988;43:149–63.

8. Tantam D, Monaghan L, Nicholson H, et al. Autistic children’s ability
to interpret faces: a research note. J Child Psychol Psychiatr 1989;30:
623–30.

9. Hobson R, Ouston J, Lee A. What’s in a face? The case of autism. Br
J Psychol 1988;79:441–53.

10. Baron-Cohen S, Jolliffe T, Mortimore C, et al. Another advanced test of
theory of mind: evidence from very high functioning adults with autism
or Asperger syndrome. J Child Psychol Psychiatry 1997;38:813–822.

11. Hadjikhani N, Joseph R, Snyder J, et al. Activation of the fusiform
gyrus when individuals with autism spectrum disorder view faces. Neu-
roimage 2004;22:1141-1150.

12. Bruce V, Young A. Understanding face recognition. Br J Psychol 1986;
77:305–27.

13. Hasselmo M, Rolls D, Baylis G. The role of expression and identity in
the face-selective responses of neurons in the temporal visual cortex of
monkey. Behav Brain Res 1989;32:203–18.

14. Haxby J, Hoffman E, Gobbini M. The distributed human neural system
for face perception. Trends Cogn Sci 2000;4:223–33.

15. Winston J, Henson R, Fine-Goulden M, et al. fMRI-adaptation reveals
dissociable neural representations of identity and expression in face
perception. J Neurophysiol 2004;92:1830–1839.

16. Sergent J, Poncet M. From covert to overt recognition of faces in a
prosopagnosic patient. Brain 1990;113:989–1004.

17. Teunisse J-P, de Gelder B. Do autistics have a generalized face process-
ing deficit? Int J Neurosci 1994;77:1–10.

18. Dawson G, Carver L, Meltzoff AN, et al. Neural correlates of face and
object recognition in young children with autism spectrum disorder,
developmental delay, and typical development. Child Dev 2002;73:
700–17.

19. Boucher J, Lewis V, Collis G. Familiar face and voice matching and
recognition in children with autism. J Child Psychol Psychiatry 1998;
39:171–81.

20. Szatmari P, Tuff L, Finlayson M, et al. Asperger’s syndrome and au-
tism: neurocognitive aspects. J Am Acad Child Adolesc Psychiatry 1990;
29:130–6.

21. Davies S, Bishop D, Manstead A, et al. Face perception in children with
autism and Asperger’s syndrome. J Child Psychol Psychiatry 1994;35:
1033–57.

22. Boucher J, Lewis V. Unfamiliar face recognition in relatively able autis-
tic children. J Child Psychol Psychiatry 1992;33:843–59.

23. Klin A, Sparrow SS, de Bildt, A, et al. A normed study of face recogni-
tion in autism and related disorders. J Autism Dev Disord 1999;29:499–
508.

1624 NEUROLOGY 65 November (2 of 2) 2005
 at Harvard University on April 25, 2006 www.neurology.orgDownloaded from 

http://www.neurology.org


24. Celani G, Battacchi MW, Arcidiacono L. The understanding of the emo-
tional meaning of facial expressions in people with autism. J Autism
Dev Disord 1999;29:57–66.

25. Grelotti DJ, Gauthier I, Schultz RT. Social interest and the develop-
ment of cortical face specialization: what autism teaches us about face
processing. Dev Psychobiol 2002;40:213–25.

26. Trepagnier C. Autism etiology: a face-processing perspective. Brain
Cogn 1998;37:158–160.

27. Elgar K, Campbell R. Annotation: the cognitive neuroscience of face
recognition: implications for developmental disorders. J Child Psychol
Psychiatry 2001;42:705–17.

28. Dolan R, Morris J, de Gelder, B. Cross-modal binding of fear in voice
and face. Proc Natl Acad Sci USA 2001;98:10006–10010.

29. Barton J, Cherkasova M, Hefter R, et al. Are patients with social
developmental disorders prosopagnosic? Perceptual heterogeneity in
the Asperger and socio-emotional processing disorders. Brain 2004;127:
1706–1716.

30. Nelson C. The development and neural basis of face recognition. Infant
Child Dev 2001;10:3–18.

31. Voeller K. Right-hemisphere deficit syndrome in children. Am J Psychi-
atry 1986;143:1004–1009.

32. Manoach D, Weintraub S, Daffner K, et al. Deficient antisaccades in
the social-emotional processing disorder. Neuroreport 1997;8:901–905.

33. Rourke B. Syndrome of nonverbal learning disabilities: the final com-
mon pathway of white-matter disease/dysfunction? Clin Neuropsychol
1987;1:209–234.

34. Gross-Tsur V, Shalev R, Manor O, et al. Developmental right-
hemisphere syndrome: clinical spectrum of the nonverbal learning dis-
ability. J Learn Disabil 1995;28:80–86.

35. Lord C, Rutter M, Couteur A. Autism diagnostic interview-revised: a
revised version of a diagnostic interview for caregivers of individuals
with possible pervasive developmental disorders. J Autism Dev Disord
1994;24:659–85.

36. Wechsler D. WAIS-III: Wechsler Adult Intelligence Scale. San Antonio:
The Psychological Corporation, 1997.

37. Sandson T, Manoach D, Price B, et al. Right hemisphere learning
disability associated with left hemisphere dysfunction: anomalous dom-
inance and development. J Neurol Neurosurg Psychiatry 1994;57:1129–
1132.

38. Hollingshead A. Two factor index of social position. New Haven, CT:
Yale University Press, 1965.

39. Schachter S. Ambilaterality: definition from handedness preference ques-
tionnaires and potential significance. Int J Neurosci 1994;77:47–51.

40. Barton J, Cherkasova M, O’Connor, M. Covert recognition in acquired
and developmental prosopagnosia. Neurology 2001;57:1161–7.

41. Rosenthal R, Hall J, Archer D, et al. Profiles of nonverbal sensitivity.
New York: Irvington Publishers, 1979.

42. Nowicki SCJ. The measurement of emotional intensity from facial ex-
pressions. J Soc Psychol 1993;133:749–750.

43. Calder A, Burton A, Miller P, et al. A principal component analysis of
facial expressions. Vision Res 2001;41:1179–208.

44. Vuilleumier P, Armony JL, Driver J, et al. Distinct spatial frequency
sensitivities for processing faces and emotional expressions. Nat Neuro-
sci 2003;6:624–31.

45. Gosselin F, Schyns P. Bubbles: a technique to reveal the use of informa-
tion in recognition tasks. Vision Res 2001;41:2261–71.

46. Schyns P, Bonnar L, Gosselin F. Show me the features! Understanding
recognition from the use of visual information. Psychol Sci 2002;13:
402–9.

47. Tiberghien G, Baudouin J-Y, Guillaume, F, et al. Should the temporal
cortex be chopped in two? Cortex 2003;39:121–6.

48. de Haan E, Campbell R. A fifteen year follow-up of a case of develop-
mental prosopagnosia. Cortex 1991;27:489–509.

49. Rutherford M, Baron-Cohen S, Wheelwright S. Reading the mind in the
voice: a study with normal adults and adults with Asperger syndrome
and high functioning autism. J Autism Dev Disord 2002;32:189–94.

REGISTER TODAY FOR 2006 AAN WINTER CONFERENCE
DISCOUNTS FOR EARLY REGISTRATION END

DECEMBER 19, 2005
The AAN Winter Conference will be held in Las Vegas, Nevada, at the Aladdin Resort, January 13 through 15, 2006.
Earn CME credits while you enhance your daily practice. Learn about major advances in neurology while your office
staff gets updates on the latest coding issues. Find out how you can make the most out of current office technology.

For more information, visit the AAN Web site at www.aan.com/winterNJ or call AAN Member Services at
(800) 879-1960 or (651) 695-2717 (international).

November (2 of 2) 2005 NEUROLOGY 65 1625
 at Harvard University on April 25, 2006 www.neurology.orgDownloaded from 

http://www.neurology.org


DOI: 10.1212/01.wnl.0000184498.16959.c0 
 2005;65;1620-1625 Neurology

Rebecca L. Hefter, Dara S. Manoach and Jason J.S. Barton 
 developmental disorders

Perception of facial expression and facial identity in subjects with social

This information is current as of April 25, 2006 

 & Services
Updated Information

 http://www.neurology.org/cgi/content/full/65/10/1620
including high-resolution figures, can be found at: 

 Related Articles
 http://www.neurology.org/cgi/content/full/65/10/1518

A related article has been published: 

 Permissions & Licensing

 http://www.neurology.org/misc/Permissions.shtml
or in its entirety can be found online at: 
Information about reproducing this article in parts (figures, tables)

 Reprints
 http://www.neurology.org/misc/reprints.shtml

Information about ordering reprints can be found online: 

 at Harvard University on April 25, 2006 www.neurology.orgDownloaded from 

http://www.neurology.org/cgi/content/full/65/10/1620
http://www.neurology.org/cgi/content/full/65/10/1518
http://www.neurology.org/misc/Permissions.shtml
http://www.neurology.org/misc/reprints.shtml
http://www.neurology.org

