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Sequential ordering of morphed faces and facial expressions
following temporal lobe damage
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Abstract

A card ordering task was developed to evaluate the role of the temporal lobe in perceiving subtle featural displacements of faces that contribute
to judgments of facial expression and identity. Individuals with varying degrees of temporal lobe damage and healthy controls were required to
manually sort cards depicting morphs of facial expressions or facial identities so that the cards were sequentially ordered from one morph endpoint
to another. Four morph progressions were used—three emotion morphs (neutral-to-anger, neutral-to-fear, and fear-to-anger) and an identity morph.
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ive exemplars were given per morph type. Debriefing verified that participants were using feature-level cues to sort the cards. A patient with
ilateral amygdala damage due to epilepsy did not differ in her sorting abilities from unilateral temporal lobectomy patients or controls. In contrast,
post-encephalitic patient with widespread left temporal lobe damage showed impairments that were most marked on the fear-to-anger and

dentity sorts. These results show that amygdala-damaged individuals can use information contained in facial expressions to solve tasks that rely
n feature-level analysis, which recruits processing in other temporal lobe regions involved in making fine featural distinctions.

2006 Elsevier Ltd. All rights reserved.
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The idea that the amygdala plays a critical role in processing
acial expression was advanced by Adolphs, Tranel, Damasio,
nd Damasio (1994), who described a patient with rare selective
ilateral amygdala damage (S.M.) characterized by impairments
n rating the intensity of facial expressions, especially the expres-
ion of fear. This finding was replicated in other patients with
ilateral amygdala damage (e.g. Adolphs et al., 1999; Calder
t al., 1996; Young, Aggleton, Hellawell, Johnson, & Broks,
995; Young, Hellawell, Van De Wal, & Johnson, 1996) and has
lso been supported by neuroimaging studies showing amygdala
ctivation to fearful faces in healthy adults (e.g. Morris et al.,
998; Whalen et al., 1998, 2001).

The specificity of the amygdala’s involvement in processing
earful facial expressions, however, has remained unclear. Stud-
es of individuals with bilateral amygdala damage have provided
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some inconsistencies, with different patients showing varying
degrees of facial emotion decoding abilities (e.g. Adolphs et al.,
1999; Adolphs & Tranel, 2004; Calder et al., 1996; Hamann et
al., 1996; Hamann & Adolphs, 1999; Sato et al., 2002). Neu-
roimaging evidence has also provided mixed results regarding
amygdalar involvement in processing expressions other than fear
(Adams, Gordon, Baird, Ambady, & Kleck, 2003; Blair, Morris,
Frith, Perrett, & Dolan, 1999; Kesler-West et al., 2001; LaBar,
Crupain, Voyvodic, & McCarthy, 2003; Whalen et al., 2001;
Yang et al., 2002). A recent study by Adolphs et al. (2005) may
provide an explanation for some of these inconsistencies. Their
patient S.M.’s deficits in processing fearful facial expression
appears to stem from the fact that she fails to spontaneously
attend to the eye region of faces, which is critical for identifying
fear. It is possible that the apparent involvement of the amyg-
dala in evaluating certain facial expressions may be due to its
involvement in processing information from the eye region of
faces. The degree to which this finding holds for other patients
may provide one account for inter-individual variability in the
patient findings as well as the specificity of the neuroimaging
findings to some categories of emotion over others.
028-3932/$ – see front matter © 2006 Elsevier Ltd. All rights reserved.
oi:10.1016/j.neuropsychologia.2005.12.010
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A related explanation for the variability in the patient findings
is that amygdala-damaged patients may use slower, compen-
satory cognitive mechanisms to aid them with expression iden-
tification. This idea was supported by Graham, Devinsky, and
LaBar (2006), who found that when heuristics use was discour-
aged by reducing exposure time to morphed facial expressions,
deficits in the perception of anger and anger/fear blends, as well
as fear, were evident in a patient with bilateral amygdala dam-
age. However, with unlimited exposure durations, performance
significantly improved. According to this conception, the amyg-
dala’s role in processing facial expression will vary depending
on the demands of the task. The use of strategies to amelio-
rate deficits in facial expression processing has been found in
children with autism (Teunisse & de Gelder, 2001), but the pos-
sibility that amygdala-damaged individuals could also be using
strategies to differing degrees of success has not received much
attention. Adolphs et al. (2005) reported that when patient S.M.
was instructed to attend to the eye region of faces, her percep-
tion of fearful facial expressions appeared normal. This finding
suggests that if individuals with bilateral amygdala damage are
told what to look for, they can use this information strategically
to help them overcome more automatic processing deficits due
to amygdala damage.

Amygdala activation in healthy adults is also sensitive to task
demands under some circumstances, especially those that relate
to intentional (explicit) versus incidental (implicit) aspects of
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of faces and facial expressions through magnocellular chan-
nels, whereas ventral and lateral temporal neocortical areas have
been linked to processing high frequency components via par-
vocellular channels (Vuilleumier et al., 2003). This suggests that
two routes exist for information regarding facial expressions of
emotion: a rapid, implicit, amygdala-mediated pathway and a
more voluntary, strategic, cortically-mediated pathway. There-
fore, processing the high frequency information necessary to
perform fine featural discriminations should not be dependent
upon the amygdala, even if emotional faces are used as stim-
uli. Instead, more lateral and ventral temporal lobe areas may
be important, consistent with their role in using featural infor-
mation to discriminate objects within a category, as previously
shown in monkeys (Freedman, Riesenhuber, Poggio, & Miller,
2003).

In the present study, a sequential ordering task was developed
using morphed faces to assess the role of the amygdala and other
temporal lobe areas in perceiving the featural displacements that
accompany changes in facial emotion and identity. This task
involves presenting subjects with cards showing facial expres-
sion and identity morphs of varying increments, and requires
the subject to order the cards in a logical progression from one
morph endpoint to another. Because this task provides all the
relevant perceptual cues across the morph increments simul-
taneously, we reasoned that the execution of this task should
promote cortically-mediated strategies such as analysis of fea-
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motion processing (e.g. Critchley et al., 2000; Whalen et al.,
998). For example, Carlsson et al. (2004) demonstrated that
asked phobic stimuli elicit left amygdala activation, whereas

wareness of phobic stimuli was associated with bilateral amyg-
ala activation and additional activity in a network of cortical
rain regions, including the insula, anterior cingulated, and
rbitofrontal cortex. Given that the amygdala is more con-
istently implicated in rapid, covert processing of faces (e.g.
ishop, Duncan, & Lawrence, 2004; Vuilleumier, Armony,
river, & Dolan, 2003; Williams, Morris, McGlone, Abbott, &
attingley, 2004), additional task-related factors may influence

ts involvement on explicit emotion processing tasks. Explicit
motional judgments tend to recruit additional processing in
rontotemporal cortical areas compared to non-emotional judg-
ents (e.g. gender or age judgments) using the same facial

xpressions (Critchley et al., 2000; Gorno-Tempini et al., 2001;
ur et al., 2002). Therefore, task demands could affect the extent

o which the amygdala versus cortical regions are preferentially
ecruited across different studies (see also Hariri, Bookheimer,

Mazziotta, 2000) and could also account for some of the
nconsistencies observed in the current literature regarding the
mygdala’s role in processing facial expression.

One explicit processing strategy that could aid emotion recog-
ition judgments is feature analysis, where decisions regarding
acial emotion are based on a deliberate analysis of the per-
eptual displacement of specific facial features. In particular,
xpression processing after amygdala damage could be pre-
erved if the task emphasizes strategic, featural processing, and
ecruits cortical areas that are involved in making fine-grained
istinctions between visual stimuli. The amygdala has been
inked to the rapid processing of low frequency components
ural displacements. Accordingly, ventrolateral temporal lobe
reas should be involved in performing this task, whereas medial
emporal lobe structures, including the amygdala, should not be
ritical.

The task was administered to three different patient types
hat varied in their degree of temporal lobe damage—(1) a
roup of unilateral medial temporal lobectomy patients (TLBs)
ho underwent excision of the anteromedial temporal lobe for

he surgical treatment of retractable epilepsy, (2) patient S.P.,
right temporal lobectomy patient who had sustained addi-

ional damage circumscribed to her left amygdala (Phelps et
l., 1998), and (3) patient C.B., a post-encephalitic patient with
ore widespread damage to the left temporal lobe. We hypothe-

ized that patient S.P. and the TLB patients would show relatively
ntact performance on this task. We previously found that patient
.P. is impaired at two-alternative forced choice recognition of

he same morphs, especially under time constraints. Therefore, a
emonstration of intact performance in the present study would
how a dissociation in performance as a function of task demands
sing identical stimuli. For patient C.B., three outcomes were
onsidered. First, if the right ventrolateral temporal lobe areas
mplicated in face processing are primarily responsible for per-
ormance on this task (e.g. Haxby, Hoffman, & Gobbini, 2000;
anwisher, McDermott, & Chun, 1997; McCarthy, 2000), then
.B. should perform normally since her right hemisphere is

pared. Alternatively, if left temporal lobe areas implicated in
he analysis of surface details (Peper & Irle, 1997) and face
arts (Rossion et al., 2000) are critical to this task, then C.B.
hould have problems across all sorts presented. Finally, as a
ask that emphasizes both faces and feature analytic strategies,
hich vary in their respective dependence on the two cerebral
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hemispheres, this task may recruit right and left temporal lobe
areas differentially, according to the difficulty or, perhaps, bio-
logical plausibility of the morph sort (e.g. LaBar et al., 2003).

1. Methods

1.1. Stimulus development

Emotional facial expressions found to be panculturally representative of the
basic emotions of fear and anger were taken from the Ekman pictures of facial
affect (Ekman & Friesen, 1976). Prototypical expressions of fear and anger
were morphed together, and anger and fear were also morphed with neutral
expressions to create the experimental stimuli. Hence, three different emotional
morph progressions were created: neutral-to-anger, neutral-to-fear, and fear-to-
anger. Identity was kept constant across the three emotion morphs (i.e. the same
actor was used, only the expression changed). The same six actors were used to
construct the three different emotion morphs. The identity morphs were created
in the same manner as the expression morphs except that rather from morphing
from one expression to another using the same actor, an actor with a neutral facial
expression was morphed into another actor with a neutral facial expression. The
faces were of actors with neutral facial expressions taken from the same Ekman
picture series. Ten actors were used to create five different identity morphs.

The morphs were created using the methods outlined in LaBar et al. (2003).
Between each source and target emotion, eight intermediate images with 11.11%
increments were created, yielding a total of 10 images in each continuum num-
bered from 1 to 10. For example, for the neutral-to-anger continuum, morph
increment 1 was 100% neutral, increment 2 was 88.88% neutral and 11.11%
angry, increment 3 was 77.77% neutral and 22.22% angry, and so on, until face
10, which depicted 100% anger. Five exemplars of each emotion sort were pre-
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She can discriminate the age and gender of unfamiliar faces. Therefore, S.P.
can successfully interpret multiple sources of non-emotional facial information.
With regard to her ratings of the intensity of emotional facial expressions, S.P. has
been tested on two occasions (Adolphs et al., 1999; Anderson & Phelps, 2000).
On the first occasion, S.P.’s ratings were impaired for fear, disgust, sadness, and
anger (Adolphs et al., 1999). On the second occasion, she showed impairments
in rating fear, disgust, sadness, and happiness (Anderson & Phelps, 2000). In
contrast, her ability to describe her personal emotional experiences does not
differ appreciably from controls (Anderson & Phelps, 2002) and her ability to
judge emotions from vocalizations is intact (Anderson & Phelps, 1998). Detailed
information regarding S.P.’s lesions and neuropsychological status is available
in Phelps et al. (1998).

We also tested C.B., a 32-year-old female with an Associate’s degree. At age
22, C.B. had a series of severe headaches, during which she displayed abnormal
behaviors. These were followed by a series of generalized tonic–clonic seizures,
resulting in a diagnosis of herpes simplex encephalitis and subsequent treatment
with anticonvulsant medications. MR images taken at age 32 revealed exten-
sive damage to left temporal lobe, including the inferior and middle temporal
gyri along their entire rostrocaudal extent, medial temporal–occipital junction,
anterior aspect of the superior temporal gyrus, and all structures contained
within the anteriomedial temporal lobes (i.e. amygdala, hippocampus, entorhi-
nal/perirhinal cortices) (Fig. 1). Additionally, there is slight damage to the left
globus pallidus and inferior portion of the insula, as well as the midline basal
forebrain and nucleus accumbens. Her frontal, parietal, and occipital lobes are
intact in the left hemisphere, and there is no damage to the right hemisphere.

Neuropsychological evaluation at age 32 indicated that C.B. performed nor-
mally on the Mini Mental State Exam (score: 28). Her IQ was low average (verbal
IQ of 85, performance IQ of 84, and full scale IQ of 84). Her performance across
domains of the WMS-III varied from borderline to extremely low, consistent
with the extent of her left temporal lobe damage. She demonstrated some nam-
ing deficits (Short Boston Naming score: 12/15). C.B. continues to struggle with
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ented using different actors. All morph sets were printed onto 4 × 6 index
ards that could then be shuffled and manipulated.

.2. Subjects

We studied S.P., a 58-year-old woman with bilateral amygdala damage asso-
iated with epilepsy, who first showed signs of neurological insult at 3–4 years
f age and was later diagnosed with epilepsy. During adulthood, medically
ntractable complex seizures of right medial temporal lobe origin began to occur
ith greater frequency. At age 48, she underwent right anteromedial tempo-

al lobe resection, including removal of the right amygdala. MR images taken
rior to surgery also revealed a focal lesion in the left amygdala. S.P. completed
igh school and has taken some college courses. She presents a normal neu-
opsychological profile, including normal performance on the Wechsler Adult
ntelligence Scale-Revised (verbal IQ of 104, performance IQ of 107, and full
cale IQ of 106).

S.P. is able to discriminate between unfamiliar faces as indexed by the Benton
est of facial discrimination (Benton, Hamsher, des Varney, & Spreen, 1994).

ig. 1. Structural MRI scans of patient C.B. illustrating extent of left temporal
nd (b) FLAIR scan in axial section at the level of the middle temporal gyrus. T
pisodic memory deficits and has mild language-related impairments, such as
phasia, anomia, and paraphasia. Her face recognition performance as indexed
y the Benton face recognition test falls within the normal range (long form
core: 42, low average). Prior to this study, C.B.’s facial emotion recognition
bilities had not been assessed.

Six patients with right medial temporal lobe damage (three female and three
ale) and seven patients (three female and four male) with left medial temporal

amage comprised the TLB group. They ranged from 24 to 60 years in age
mean = 41.5 years) and had between 12 and 21 years of education (mean = 15.7
ears). All TLB patients had average full scale IQs (FSIQ: 89–112, mean
SIQ = 102.3). All unilateral patients had undergone neurosurgical resection
or treatment of medically refractory epilepsy 2–8 years prior to participation
n this study. The exact extent of the resection varied from patient to patient
ccording to the location of the seizure focus; however, in all patients the amyg-
ala and adjacent medial temporal lobe structures including the hippocampus
nd uncus were removed unilaterally, whereas tissue from areas outside the tem-
oral lobe was spared. The extent of temporal neocortical excision ranged from
.5–6.5 cm.

damage. (a) T1-weighted scan in coronal section at the level of the amygdala
ft hemisphere (L) is depicted on the right side of the images.
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The task was validated with two different control groups: a group of Duke
undergraduates and a group of older adults. The young control group served
as the control group for patient C.B. and consisted of 8 males and 12 females
ranging from 18 to 21 years of age (mean 19.4 years), who had between 12
and 15 years of education with no history of neurologic or psychiatric illness.
We also tested 17 age- and education-matched controls for patient S.P., three
of whom did not complete the identity sort. This control group consisted of
11 females and 6 males ranging from 50 to 66 years of age (mean 55.9 years)
who had between 12 and 17 years of education and did not have a history of
neurologic or psychiatric illness. Procedures for human subjects were approved
by the Institutional Review Boards at Duke University and New York University.
All subjects provided written informed consent to participate and were either
paid or received course credit for their participation.

1.3. Design and procedure

The morphed faces were divided into four sorting blocks, one for each morph
type. Each block consisted of five sort trials. Practice trials were given for the
emotion morphs. The blocks were given in the same order: neutral-to-anger,
neutral-to-fear, fear-to-anger, and identity. Block order was fixed so that each
participant would receive the tasks in the same order as patients S.P. and C.B.
Each trial started in the same manner: the two extreme morph anchors (for
example, the 100% neutral, 0% angry, and the 0% neutral, 100% angry stimuli
in the neutral-to-anger morph block) were placed as anchors at the ends of
a continuum. The intervening eight morph cards were shuffled and placed in
random order in front of the participant, who was required to sort the morphs so
that they progressed logically from one morph anchor to the other. There was
a 60 s time limit for sorting and feedback was available for the practice trial. A
schematic depiction of a neutral-to-anger morph sort trial is shown in Fig. 2. If
the participant did not finish the sort within 1 min, the sort was terminated and the
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between the concordance values and mean sort times across the two patients (S.P.
and C.B.) could not be determined statistically because they are case reports,
so they must be inferred from qualitative differences in their statistical profiles.
To assess group differences between the TLB patients and controls, the mean
sort times and concordance of TLBs and the two control groups were compared
via repeated measures ANOVAs with group as a between subjects factor and
sort block as a within subjects factor. To protect against type I error, degrees
of freedom were corrected with Greenhouse-Geisser epsilon where applicable.
Where significant effects were found, post hoc comparisons were conducted
with Bonferroni corrections for type I error.

2. Results

Debriefing confirmed that the sorting task involved feature-
based analysis; all subjects reported that they focused on how one
or two particular facial features changed while sorting, regard-
less of the morph type. For example, on the neutral-to-fear
sort, most subjects (including those with temporal lobe dam-
age) reported using increasing eye or mouth aperture to guide
their sort, while on the identity sort, subjects would use features
such as presence of freckles or width of the lip, nose or eyebrow.
Two performance indices were examined—mean sort time and
concordance of each subject’s ordering with the correct order.
Reaction time and concordance values for the right TLB and
left TLB patients were compared and found to be equal; hence,
the values for the two groups were combined to form the TLB
g
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ata for the trial was discarded (this occurred in a negligible number of trials,
1%). The order in which the participant placed the morphs and the sorting
uration were recorded for each sort trial. After completing the experiments,
ubjects were asked to describe what facial information they used to complete
he sort trials.

.4. Data analysis

Concordance was used as an estimate of sorting accuracy and was measured
ith Kendall’s tau, a non-parametric index of the degree of the similarity between

wo sets of rankings, which is highly sensitive to deviations in ordering (Siegel
Castellan, 1988). As tau values approach 1.0, sorting accuracy increases.

o determine if S.P. and C.B.’s performance differed from that of the other
roups, they were compared to TLBs, younger controls, and older controls via
ne sample t-tests with their respective means as the critical values. Differences

Fig. 2. Example of the stimuli and procedure used in this experim
roup.

.1. Reaction time

Mean sorting times for the different individuals and groups
cross the four sort types are shown in Fig. 3. Between-groups
nalysis of the TLB and two control groups did not find any
roup differences in sorting times, F < 1, but did find a difference
etween the sorting times for the different morph blocks, F(2,
8) = 13.21, p < 0.01. Post hoc analyses showed that this effect
eflects the fact that the identity morphs took longer to sort than
he emotion morphs. There were no differences in sorting times
or the three emotion morph types.

One trial from a neutral-to-anger morph progression is depicted.
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Fig. 3. Mean sorting times for patient S.P., patient C.B., unilateral temporal lobectomy patients (TLB), older controls, and younger controls across the four morph
types. Standard error is indicated by error bars where applicable. (*) p < 0.05 relative to S.P.; (©) p < 0.05 relative to C.B.

Comparison of S.P.’s sorting times to those of the TLB group
and the two control groups revealed that she performed the
neutral-to-anger sorts more quickly than her age-matched con-
trols, t(16) = 2.46, p < 0.05, and young controls, t(19) = 2.19,
p < 0.05. There were no differences in sorting times between S.P.
and the other groups on the neutral-to-fear or the fear-to-anger
morph sorts. She performed more quickly than all three groups
on the identity sort (versus TLBs: t(12) = 4.49, p < 0.01; ver-
sus young controls: t(19) = 5.52, p < 0.01; versus age-matched
controls: t(13) = 4.16, p < 0.01). In short, S.P.’s reaction times
indicated that she did not encounter difficulties with this task.

Comparison of C.B.’s sorting times to those of the TLB
group and the two control groups revealed that she performed
the neutral-to-anger sorts more slowly than the TLB group,
t(12) = −4.27, p < 0.01, and young controls, t(19) = −3.20,
p < 0.01. She was also slower than the TLB group and young
controls on the neutral-to-fear sorts (versus TLBs: t(12) = −4.66,
p < 0.01; versus young controls: t(19) = −3.57, p < 0.01). C.B.’s
sort times were slower than those of any of the groups on the
fear-to-anger sort (versus TLBs: t(12) = −6.48, p < 0.01; ver-
sus young controls: t(19) = −6.25, p < 0.01; versus older con-
trols: t(16) = −4.48, p < 0.01) and the identity sort (versus TLBs:
t(12) = −6.56, p < 0.01; versus controls: t(19) = −6.65, p < 0.01;
versus older controls: t(13) = −2.40, p < 0.05). Overall, C.B.’s
reaction times indicate that she had more difficulty completing
this task than other participants, particularly the fear-to-anger
a

2

a

analysis of the TLB group and the two control groups revealed
a main effect of group, F(2, 43) = 11.40, p < 0.01. Post hoc tests
revealed that this main effect reflected a tendency for the young
controls to sort more accurately than either the TLB or the older
control group, who did not differ from each other. There was
also a main effect of morph type, F(3, 65) = 18.73, p < 0.01.
Post hoc comparisons revealed that this was due to the fact
that, overall, performance on the fear-to-anger and identity sorts
was lower than performance on the neutral-to-anger and fear-to-
anger sorts. These main effects were mediated by a significant
group by morph type interaction, F(3, 65) = 3.26, p < 0.05. The
lower performance on the fear-to-anger and identity morphs was
a pattern common to the TLB and older control groups, whereas
the performance profile for the young control group showed no
difference across morph types.

Comparison of S.P.’s concordance values to those of the TLB
group and the two control groups revealed that she performed
the neutral-to-anger sorts less accurately than young controls,
t(19) = 2.19, p < 0.05. This was also the case for the neutral-to-
fear, fear-to-anger, and the identity morph sorts (neutral-to-fear:
t(19) = 2.63, p < 0.05; fear-to-anger: t(19) = 4.50, p < 0.01; iden-
tity: t(19) = 6.17, p < 0.01). There were no differences between
the sorting performance of S.P. and the TLB group and her
age-matched controls on any of the morph sorts except that she
outperformed the TLB group on the identity sort, t(12) = 2.29,
p < 0.05. In summary, S.P.’s sorting performance did not differ
a
g
h

g
f
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nd identity blocks.

.2. Concordance: Kendall’s tau

Concordance values for the different individuals and groups
cross the four sort types are shown in Fig. 4. Between-groups

ig. 4. Mean concordance values (Kendall’s tau) for patient S.P., patient C.B.,
cross the four morph types. Standard error is indicated by error bars where app
ppreciably from any of the groups except the young control
roup. Importantly, there were no differences between S.P. and
er age-matched controls on any of the morph sorts.

Comparison of C.B.’s sorting accuracy to that of the TLB
roup and the two control groups revealed that she per-
ormed the neutral-to-anger sorts less accurately than young

teral temporal lobectomy patients (TLB), older controls, and younger controls
le. (*) p < 0.05 relative to S.P.; (©) p < 0.05 relative to C.B.
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controls, t(19) = 3.14, p < 0.01. She also sorted less accurately
than young controls on the neutral-to-fear sorts, t(19) = 2.25,
p < 0.05. On the fear-to-anger sorts, C.B.’s performance accu-
racy was impaired relative to the TLB patients and both control
groups (versus TLBs: t(12) = 5.42, p < 0.01; versus young con-
trols: t(19) = 12.98, p < 0.01; versus older controls: t(16) = 2.30,
p < 0.05). Compared to all three groups, she also performed
more poorly on the identity sort (versus TLBs: t(12) = 4.51,
p < 0.01; versus young controls: t(19) = 17.67, p < 0.01; versus
older controls: t(13) = 4.51, p < 0.01). In summary, analysis of
C.B.’s concordance values produced results that mirrored her
sorting times—overall, she had some difficulty on this task, espe-
cially on the fear-to-anger and identity morphs.

3. Discussion

Judgments of facial expression and identity depend on mul-
tiple sources of information from the face that vary in their
reliance on cortical versus subcortical routes of processing. The
present study was designed to assess the role of the temporal
lobe in the analysis of featural displacements, which accompany
subtle changes in emotional expression and identity. Confirm-
ing our hypothesis that the card ordering task would encourage
cortically-mediated strategic processing, subjects reported using
specific morph features to help them perform the task. Across
both facial expression and identity morph sorts, normal perfor-
m
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characteristics of faces, whereas identity judgments rely more
on more static facial aspects (e.g. Bruce & Young, 1986).

S.P. was only outperformed on this task by the young con-
trols, an effect that could be attributable to age. Importantly, her
performance did not differ from the TLB group or her age- and
education-matched control group. Therefore, bilateral amygdala
damage does not appear to be associated with deficits on this
task. The TLB group also did not differ from other control groups
in terms of sorting time or performance. Patient S.P. actually out-
performed the TLB patients on the identity sorts, but it is likely
that this could be attributed to S.P.’s relative familiarity with
the stimulus set. S.P.’s relatively quick sort times, in particular
for the identity morphs, may also reflect her familiarity with
the Ekman stimuli, to which she has been exposed on several
occasions over a period of 10 years.

The results from the TLB patients and patient S.P. confirm
that the amygdala is not critically involved in face processing
tasks that encourage strategic, feature-based analysis and com-
pliment our previous finding that deficits in the perception of
fear and anger in face morphs are more prominent when strategy
use is discouraged, for example by limiting exposure duration
(Graham et al., 2006). These results also compliment those of
Adolphs et al. (2005), who found that when they instructed their
patient S.M. to attend to the information in the eye region of
faces, she no longer showed deficits in rating the intensity of
fearful faces. Together, these findings converge to suggest that
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ance was observed in a patient with bilateral amygdala damage
S.P.) and patients with restricted unilateral anteromedial tem-
oral lobectomy. This result is especially interesting since S.P.
erforms poorly on some emotion recognition judgments from
he same stimulus set (Adolphs et al., 1999; Anderson & Phelps,
000) and can use heuristic strategies to ameliorate some of her
ecognition deficits (Graham et al., 2006), which suggests that
mygdala involvement in facial expression processing is task-
ependent. In contrast to patient S.P., post-encephalitic patient
.B., who sustained more extensive left temporal lobe damage,
ad difficulty with the sorting task on both the fear-to-anger
nd identity morphs. This latter finding suggests that posterior
eft temporal lobe areas are recruited when difficult featural dis-
inctions need to be made between perceptually-similar faces,
n the basis of both facial expression and identity. Analysis
f reaction time and accuracy suggested that performance in
he patients was not associated with speed-accuracy tradeoffs.
verall, the findings support a dissociation between the roles
f the amygdala and posterior temporal neocortex in feature-
ased processing that supports judgments of facial expression
nd identity. We expand on each of these findings in turn
elow.

Debriefing confirmed our assumption that the temporal order
orting task encouraged the use of feature-analytic strategies in
hat subjects reported focusing on specific facial features to com-
lete the task. An interesting observation was that these features
ended to be implicitly dynamic for emotion judgments (e.g.
ncreasing eye or mouth aperture), whereas they were static fea-
ures in the identity judgments (e.g. nose or lip width, freckles).

hile descriptive, this tendency is congruent with the perspec-
ive that emotion judgments are dependent upon the dynamic
hen individuals with bilateral amygdala damage are aware of
he featural changes that signal different emotions (either by
nstruction or by having all perceptual information available at
he time of test), they may be able to use this information to dis-
riminate the feature changes that signal different emotions, and
hus, potentially improve facial emotion recognition. One caveat
o this implication is that in the present study, participants were
ot asked to label or recognize the emotions present (they were
rovided the emotion labels for the morph endpoints), so the
xtent to which featural strategies are spontaneously deployed by
mygdala-lesioned patients in explicit recognition tasks requires
urther study (see also Adolphs et al., 2005).

In combination, these results are consistent with the view
hat the amygdala is involved in more rapid, obligatory aspects
f face processing that are less amenable to cognitive control
e.g. Critchley et al., 2000; Gläscher & Adolphs, 2003; Whalen
t al., 1998; Williams et al., 2004), and that amygdala-lesioned
atients can benefit from cortically-mediated cognitive strate-
ies, including feature analysis, that rely on posterior temporal
eocortex. S.P. is able to successfully pose various facial expres-
ions of emotions, implying that she is aware of the featural
hanges that accompany different emotional displays (Anderson

Phelps, 2000). Therefore, she is apparently able to use this
nformation to help her make judgments about facial expressions
hen those cues are simultaneously available at test, even for

earful expressions. Under certain task conditions, then, normal
erformance can be elicited in amygdala-lesioned patients using
he same facial expression stimuli, which, under other circum-
tances, yield performance deficits.

In contrast to S.P., patient C.B. exhibited more dramatic
eficits on this task. Her performance on the neutral-to-anger
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and neutral-to-fear sorts showed evidence of subtle impairments:
she sorted more slowly than the TLB and young control groups
and had lower accuracy relative to the young control group. Her
impairments were more marked on the fear-to-anger and identity
sorts, where she had both reaction time and accuracy difficulties
relative to all other groups. Between-groups analysis indicated
that the control groups and the TLB group performed most
poorly on the fear-to-anger and identity sorts and took the longest
to sort identity morphs, indicating that these morphs were the
most difficult to sort. C.B.’s deficits on the more difficult morph
types could be attributed to the extensive damage to ventrolat-
eral regions of her left temporal lobe and gives us insight into
the role of left temporal areas in face processing. Importantly,
because her deficits were not specific to emotional expression,
the results from patient C.B. implicate a more general function
of left ventrolateral temporal cortex in feature-based analysis of
faces.

The left inferior temporal lobe has been shown to play an inte-
gral role in the discrimination of visual patterns (Kawashima et
al., 1998). Single cell recordings from the human lateral tempo-
ral lobes have demonstrated that both temporal lobes are active
during face processing tasks. Whereas activity in the right hemi-
sphere appears to be face-selective, left temporal lobe activity
is less specific, occurring to both faces and complex patterns
(Lucas, Schoenfield-McNeill, Weber, & Ojemann, 2003). Left
temporal lobe areas have been linked to processing the non-
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areas appear to be important, including left temporal lobe regions
that are not selectively associated with facial affect processing.
Differential recruitment of these pathways across experimen-
tal paradigms may account for inconsistencies in facial affect
research regarding the role of the amygdala and underscores the
notion that stimuli depicting emotional states rely on multiple
processing pathways, including those that do not encode emo-
tional reactions per se. Because our data relies heavily on case
reports, the task should be replicated in larger patient samples
to confirm the results and to rule out alternative explanations
(e.g. the larger extent of brain damage in patient C.B. or her
lower IQ). Our findings complement other recent studies that
emphasize the importance of task design in studying the role
of temporal lobe structures in face processing and hint at the
potential for cognitive remediation strategies to benefit facial
evaluation in amygdala-lesioned patients.
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motional surface details of faces (Peper & Irle, 1997) and face
arts (Rossion et al., 2000). Because the completion of our task is
ependent upon detecting subtle featural changes, this task may
ecruit processing in the left temporal neocortex, even when this
amage is not accompanied by specific face processing deficits
e.g. prosopagnosia).

One possibility is that the fine-grained part-based analy-
is attributed to left temporal lobe areas (Peper & Irle, 1997;
ossion et al., 2000) provide task-dependent support to the right

emporal lobe areas normally recruited during face processing,
nd this support becomes especially important when the task
nvolves making difficult featural discriminations. Another pos-
ibility is that while neutral-to-anger and neutral-to-fear morphs
epict biologically plausible motion whose processing has been
ttributed to superior temporal lobe structures (e.g. Jellema &
errett, 2003) that are right-lateralized in humans (e.g. Allison,
uce, & McCarthy, 2000; Pelphrey et al., 2003; Pelphrey, Viola,
McCarthy, 2004), the fear-to-anger and identity morphs may

e less plausible and require recruitment of other temporal lobe
reas whose duties are not circumscribed to face processing,
ncluding those in the left hemisphere. These possibilities war-
ant attention in future research.

In conclusion, the present study demonstrated that individuals
ith amygdala damage can have intact performance on percep-

ual tasks employing changes in facial emotion and identity, and
ualifies the conditions under which the amygdala and other
emporal lobe areas are recruited for processing information in
aces. Specifically, the amygdala did not play a critical role in a
ace task that emphasized feature-analytic strategic processing,
uggesting that this structure is not important for making fine
eatural discriminations. Instead, more ventrolateral temporal
ssistance with data collection and analysis.
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