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The Fusiform Face Area: A Module in Human Extrastriate Cortex

Specialized for Face Perception

Nancy Kanwisher,'2 Josh McDermott,"2 and Marvin M. Chun22

1Department of Psychology, Harvard University, Cambridge, Massachusetts 02138, 2Massachusetts General Hospital
NMR Center, Charfestown, Massachusetts 021289, and 2Department of Psychology, Yale University,

New Haven, Connecticut 06520-8205

Using functional magnetic resonance imaging (fMRI), we found
an area in the fusiform gyrus in 12 of the 15 subjects tested that
was significantly more active when the subjects viewed faces
than when they viewed assorted common objects. This face
activation was used to define a specific region of interest
individually for each subject, within which several new tests of
face specificity were run. In each of five subjects tested, the
predefined candidate “face area” also responded significantly
more strongly to passive viewing of (1) intact than scrambled
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faces versus hands. Our technique of running multiple tests
applied to the same region defined functionally within individual
subjects provides a solution to two common problems in func-
tional imaging: (1) the requirement to correct for multiple sta-
tistical comparisons and (2) the inevitable ambiguity in the
interpretation of any study in which only two or three conditions
are compared. Our data allow us to reject alternative accounts
of the function of the fusiform face area (area “FF”) that appeal
to visual attention, subordinate-level classification, or general
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Experimental design 1s at the heart of any cognitive
neuroscience investigation.

Mzyapuram, 2008
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Stimulus manipulation
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3. Duration
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* Reaction Time

* Accuracy (error rate)
 Task-completion procedure
* Self- assessment
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data

* Reaction Time
Simple reaction time

Choice reaction time (complex RT)

o Complexity of the situation

o Number of choices (alternatives)
o Familiarity

o Stimulus value



* Reacti
Simple

Choice 1

(a) Press J when light goes on. (b) Press J for left light, K for right.
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Abstract

Disturbances in selective attention represent a core characteristic of schizophrenia, whose neural
underpinnings have yet to be fully elucidated. Consequently, we recorded brain activation using
functional magnetic resonance imaging (fMRI) while 15 patients with schizophrenia and 15 age-
matched controls performed a well-established measure of selective attention- color Stroop negative
priming task. We focused on two aspects performance: overriding pre-potent responses (Stroop
effect) and inhibition of prior negatively-primed trials (negative priming effect). Behaviorally.
controls demonstrated both significant Stroop and negative priming effects, while schizophrenic



data

 Reaction Time

* Accuracy (error rate)



 Reaction Time

* Accuracy (error rate)

Speed-accuracy tradeoff

| RT
RT
RT
1 RT

>4

v
AN

A4
VAN

_ Accuracy

Accuracy

] Accuracy

Accuracy



data

* Reaction Time
* Accuracy (error rate)
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Behavioural Brain Research

Research report

fMRI-activation during drawing a naturalistic or sketchy portrait

K. Schaer?, G. Jahn?, M. Lotze®+*

* Functtonal Imaging Unit, Center for Mognostic Radiology and Neuroradiology, University of Gretfswald, Grelfswald, Germany
b Depar tment of Psychology, University of Gretfswald, Gretfewald, Germany

HIGHLIGHTS

» We used fMRI to measure 20 naive subjects during drawing a portrait.

» Participants were able to track their drawing online.

» We identified three important circuits specific for the process of portrait drawing.

» Circuits where: face perception, lecation enceding, and continuous feedback processes.
* Representations involved: fusiform gyrus, precuneus, parietal sulcus, and cerebellum.
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ABSTRACT

Meural processes for naturalistic drawing might be discerned into object recognition and analysis, atten-
tion processes guiding eye hand interaction, encoding of visual features in an allocentric reference frame,
a transfer into the motor command and precise motor guidance with tight sensorimotor feedback. Cere-
bral representations in a real life paradigm during naturalistic drawing have sparsely been investigated.
Using a functional Magnetic Resonance Imaging (fMRI) paradigm we measured 20 naive subjects during
drawing a portrait from a frontal face presented as a photograph. Participants were asked to draw the
portrait in either a naturalistic or a sketchy characteristic way. Tracing the contours of the face with a
pencil or passive viewing of the face served as control conditions. Compared to passive viewing, natural-
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Abstract

Disturbances in selective attention represent a core characteristic of schizophrenia, whose neural
underpinnings have yet to be fully elucidated. Consequently, we recorded brain activation using
functional magnetic resonance imaging (fMRI) while 15 patients with schizophrenia and 15 age-
matched controls performed a well-established measure of selective attention- color Stroop negative
priming task. We focused on two aspects performance: overriding pre-potent responses (Stroop
effect) and inhibition of prior negatively-primed trials (negative priming effect). Behaviorally,
controls demonstrated both significant Stroop and negative priming effects, while schizophrenic
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combine {MRI and NP Stroop test to examine the dynamics of selective attention in patient
and control groups. We hypothesize that each of the incongruent trials will be linked to
differential brain activation within prefrontal regions. In particular, we predict that in relation
to healthy controls, patients will show reduced ACC activation for the classic Stroop
incongruent trials whereas negative priming trails will be related to aberrant DLPFC activation.

2. METHODS
2.1. Subjects

Fifteen male patients diagnosed with chronic schizophrenia, using DSM-IV criteria based on
SCID-P nterviews and a review of the medical records (mean age 43 (=7), mean age of onset
21.7 (£3.3), mean neuroleptic dose (mg/day in chlorpromazine equivalents 632 (=307)) and
15 male control subjects (mean age 43 (=6)) were matched on gender (all male). handedness,
PSES, and age. All subjects gave written informed consent prior to participation in the study,
and all were compensated for their time. Criteria for subjects’ inclusion were as follows: right-
handedness, ages between 18 and 55 years. no neurological illness, no alcohol or drug
dependence in the last 5 years and no abuse in the past year.

2.2. Negative-Priming Color Stroop Paradigm

The Color Stroop/Negative Priming paradigm 1s a modified, computerized version of single
trial/event related classic Color Stroop paradigm. where color names compete and interfere
with incongruent ink colors they are written in. In our experiment, stimuli consisted of four
color names (red, green. blue, or yellow) presented in one of these four colors (size 44 font)
on a black background. Subjects were asked to report the color in which the word was written,
bv nressino the eorresnondine resnonse button. ionorine the name of the eolor itself. Fach word
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2. METHODS
2.1. Subjects

Fifteen mal| ptients diagnosed

chronic schizophrenia. usings SM-IV criteria based on
SCID-P int§ |ews and a review| he medical records (mean age 43 (£7), mean age of onset
21.7 (£3.3\_ <an neuroleptic d 1g/day in chlorpromazine equivalents 632 (£307)) and
15 male control subjects (mean age 43 (£6)) were matched on gender (all male). handedness,
PSES, and age. All subjects gave written informed consent prior to participation in the study,
and all were compensated for their time. Criteria for subjects’ inclusion were as follows: right-
handedness, ages between 18 and 55 years, no neurological illness, no alcohol or drug
dependence in the last 5 years and no abuse in the past year.



2.2. Negative-Priming Color Stroop Paradigm

The Color Stroop/Negative Priming paradigm 1s a modified. computerized version of single
trial/event related claaslu: Color Stroop paradigm. where color names compete and interfere
with incongpe i colors qitten in. In our experiment, stimuli donsisted of four
— color name: resented in one of these four coldrs (size 44 fc:ntj
on a black baCKETomId. SUbDjects d to report the color in which the
by pressing the corresponding response button. ignoring the name of the color itself. Eachw c:rd
(written in 44 Arial font against the black background. presented at the 5 degree angle) appeared
centrally on a screen ungil the subject responded. bijt not longer than the inter-trial interval
(ITT). which was jittered| between 3 and 6 seconds (Jnean 4.4 seconds). A fixation point was
present in the center of ras not being shown. In the congruent
condition, the target (word color) was the same as the distractor (word text); in the incongruent
condition, the target differed from the distractor. In our version of the experiment, in addition
to standard stimuli congruency manipulation allowing us to estimate Stroop effect, we
manipulated order of the incongruent stimuli, to estimate the negative priming effect. In the
negative-priming condition. the target of an incongruent trial became the distractor of an
immediately preceding incongruent trial. (Table 1) No color targets or names were ever
repeated in consecutive trials. Before the scanning. each session started with detailed
instructions where the 511bjEEt5 were aaked m identify the color in which the word was printed.
: : asdnanediately followed by the experimental
he Stroop Effect was defined as the
. and congruent trials. Negative-priming
was defined as the difference in response times fm those IIIC{}IIEI'I_IEIII prlmed trials in which
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to standard stimuli congruency manipulation allowing us to estimate Stroop effect, we
manipulated order of the incongruent stimuli, to estimate the negative priming effect. In the
negative-priming condition, the target of an incongruent trial became the distractor of an
immediately preceding incongruent trial. (Table 1) No color targets or names were ever
repeated in consecutive trials. Before the scanning, each session started with detailed
instructions where the subjects were asked to identify the color in which the word was printed.
Subjects were allowed a practice session, which was immediately followed by the experimental
session. Response time and accuracy were recorded. The Stroop Effect was defined as the
difference in the response times between incongruent and congruent trials. Negative-priming
was defined as the difference m response times for those incongruent primed trials in which
the target (mk color of word) had been the distracter (word name) in the nreceding trial_The
task was presented in four runs, each with 73 events that included 22 congruent trials and 51
incongruent trials (2.2 manipulated tor negative-primung). The inter-trial mterval (1'11) was
jittered to be between 3 and 6 second (mean 4.4 seconds). Runs were different from each other,
and their orders were counterbalanced between subjects. The total length of the experiment
was 22 minutes. The task was presented in four runs, each with 73 events that included 22
congruent trials and 51 incongruent trials (22 manipulated for negative-priming). The inter-
trial interval (ITI) was jittered to be between 3 and 6 second (mean 4.4 seconds).

Runs were different from each other, and their orders were counterbalanced between subjects.



3. RESULTS

3.1. Behavioral Data
There was no sipnificant difference in overall response time between the two groups (T =
—1.162; df = 28; p=10.260) with 2 mean response dme of 1099 52 ms (=131 29 me) for nomral
confrol subjects and 121058 ms (=346.03 ms) for the schizophrenic subjects. The mean
difference in response dmes between congroent snd incongreent rials for nomal coniroel
subjects was 11139 ms (=47_06ms) and for schizophrenic patients was 122.74 ms (=71.22
ms). The mesn difference in response dmes between the incongmoent mials with the neganve
priming manipulation and those without for the nommal conitod subjects was 30062 ms (=50.462
ms) and for schizophrenic subjects was 1787 ms (=49.03 ms).

Stanistical tests revealed a soong main effect of Smoop mterference (F (1, 34)=27335,p <
00001 ), and no group by condition imteraction (F (1, 34)=0.54, p < 0.47). For negative priming,
there was 3 mam sffect of negative piming (F(1,347=5.14, p <0.03), and a siznificant zroup
by MP interaction (F(1,34)=5.65), p <0.023). The significant interaction effect indicated that
whereas the control gronp showed incressad slowing for the negative priming trizls, the patents
did not To follow-up on the interaction effect, we have conducted paired within-sampls t-tests
for each group for the NP effect. While normal conirols showed a sttong NP effect (p <=
—4.708, p < 0.0001), the padent group did not show this effect (=006, p < 0935).

Powolsarey Ries. Azthor mamscript, ovailable in PRIC 3011 Tameary 30
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32 Imaging Data
Schizophrenic patdents showed less activadon associated with Swoeop effect for inconzruent
tmials that were not negative primed than normal controls in the medisl frontal gyms ACC as
wall a5 in middle frontal gymus aronnd the nferior fontal sulcns (Broadman area &) (Tabla 2,
Figurae 1), bat showed zreater activation in the medial parietal regions, that include posterior
cingulate snd precuneus (Table 2, Figare 1). For negative priming, schizaphrenic patdents
showed sigmificant activation in both the right and the left DLPFC (Broadman area §- Table
2, Figure 1) while the bealthy subjects oaly showed siznificant activation in the rght DLPFC
i Table 2, Fizure 3).
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ABSTRACT

Schizophrenic patients present deficits in executive control functions. The Stroop test requires executive
control functions, in particular response inhibition. So far only one study has employed the high temporal
resolution of electrophysiological methods to investigate the neural correlates of the Stroop effect in
schizophrenia. This study investigated medicated patients with schizophrenia or schizoaffective disorder
(n=15) and healthy controls ( n= 15) using event-related potentials. The analyses of the P1and N1 components
revealed no differences between the groups indicating intact sensory processing in schizophrenia during the
Stroop test. We found greater negativity in the incongruent as compared to the congruent and neutral
conditions between 350 and 450 ms over prefrontal scalp areas in healthy subjects but not in schizophrenic
patients. Later on, a sustained positivity was observed over parietal scalp regions in healthy subjects. This later
sustained potential was attenuated in patients but only in the first block. This suggests that following practice
patients show similar parietal effects as healthy subjects. The total errors in the incongruent condition in
patients correlated negadvely with the difference in mean activity between incongruent and congruent
conditions over the left parietal area (time window 600-1000 ms). In other words the more errors were made
by patients, the more attenuated was the Stroop related electrophysiological effect This suggests that the
parietal activity is related to successful resolution of the Stroop conflict in schizophrenic patients. Furthermore,
the absence of the frontal deflection in patients reflects dysfunctional neural processes associated with
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