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Evoked potentials to visually driven cognitive tasks were recorded through depth electrodes placed bilaterally within 
the amygdala, hippocampus, midtemporal and inferotemporal cortex, and lateral frontal cortex of 6 epileptic patients. 
Task-related differential response patterns were used to identify the recording sites engaged by specific aspects of 
visual encoding. In this group of 6 patients, the amygdala was most frequently engaged in encoding the familiarity 
of faces; midtemporal and inferotemporal cortex, in encoding perceptual identity and object categorization; and lateral 
frontal cortex, in holding visual object information in working memory. The two aspects of encoding that most 
frequently engaged the hippocampal region were related to working memory and object categorization. The  pro- 
cessing of complex visual knowledge is thus anatomically distributed but regionally specialized. These experiments 
also showed that identical input and output parameters can engage different areas of the brain depending on the 
nature of the instructional set. 
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Visual information emanating from the environment is 
subjected to multiple transformations in widely distrib- 
uted regions of the central nervous system. The  resul- 
tant neural re-representations form the basis of con- 
scious visual knowledge [ 1, 2). Numerous areas of the 
brain participate in this process, each with a relative 
specialization for encoding specific attributes of visual 
experience [ 3 ) .  The best known examples of this orga- 
nization include peristriate area V4, which is special- 
ized for color encoding, and area V5, which is special- 
ized for encoding visual motion r43. 

Studies that focused on a single anatomical site or  a 
single task at a time revealed the participation of poste- 
rior parietal cortex in spatially directed visual attention, 
lateral frontal cortex in working memory, the hippo- 
campal formation in the conscious recall of visual mem- 
ories, and temporal cortex in object and face recogni- 
tion [4-12). The purpose of the present study was to 
explore the distributed architecture of complex visual 
processing in the human brain with the help of an ex- 
perimental approach that allowed the simultaneous in- 
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vestigation of four anatomical sites during the execu- 
tion of four distinct types of visual object encoding. 

Materials and Methods 
Evoked potentials in the amygdala, hippocampus, midtem- 
poral and inferotemporal cortex, and the middle and inferior 
frontal gyri of the lateral frontal cortex were recorded bilater- 
ally in 6 patients with partial epilepsy who had depth elec- 
trodes implanted for diagnostic purposes (Table 1). Elec- 
trodes were inserted along coordinates calculated by 
preoperative angiography and magnetic resonance imaging 
(MRI). Each subject had eight electrodes containing six to 
eight evenly spaced contact points. Electrode location was 
verified by postplacement MRI (Figs 1 ,  2). Data were ac- 
quired continuously with a 200-Hz sampling rate (bandpass, 
0.1-70.0 Hz) bipolarly from adjacent contact points and 
evaluated off-line. 

The amygdala recording was obtained from a contact site 
with stereotaxic coordinates corresponding to its center (see 
Fig 1B); the hippocampal recordings, from the deep contact 
points of an electrode 1.2 to 3.0 cm posterior t o  that (see 
Fig 1C); the midtemporal and inferotemporal recordings, 
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Table 1. Characteristics of Subjects 

Age (yr) at 
Language Seizure 
Dominance Onset Seizure Focus Patient No. Gender Age (yr) Handedness 

1 Male 30 Left Right 10 Bitemporal 
2 Female 19 Left Left 6 Left temporal 
3 Female 31 Right Left 10 Right occipitotemporal 
4 
5 Male 
6 Male 24 Ambidextrous Left 19 Bitemporal, mostly right 

Male 20 Right Left 10 Right temporal 
22 Left Left 4 Left temporal 

A B C 
~~ ~~ ~~ 

Fig 1 .  (A-C) Drawings of electrode locations based on magnetic 
resonance imaging in 1 patient. Amy = amygdala; C = head 
of caudate; H = hypothalamus; HIP = hippocampal forma- 
tion; IFG = inferior frontal gyrus; IN = insula; ITG = in- 
ferior temporal gyrus; MFG = middle frontal gyrus; M T G  = 
middle temporal gyrus; P = putamen; STG = superior tempo- 
ral gyrus. 

from the superficial contact points of the first two electrodes 
(Figs 1B, IC); and the laterofrontal recordings, from the su- 
perficial contact points of an electrode 5 cm anterior to the 
amygdaloid electrode (see Fig IA). Because of variations in 
the insertion angle of the amygdaloid and hippocampal elec- 
trodes, the superficial contact points of these two electrodes 
were in midtemporal cortex in some patients and in infero- 
temporal cortex in others. Since both types of contact yielded 
similar responses, they were pooled and designated as mid- 
temporal and inferotemporal cortex. If more than one con- 
tact point was available for a given site, the one with the 
most consistent signal quality was chosen for analysis. In an 
individual patient, and for a specific recording location, the 
same contact site was used for all tasks. Patients’ ages ranged 
from 19 to 3 1 years; 4 were male and 2 were female; 2 were 
right-handed, 3 left-handed, and 1 was ambidextrous (see 

language as determined by the intracarotid sodium amobarbi- 
tal (Amytal) test. MRI did not reveal significant structural 
lesions in any of the patients. 

l). Five patients had left-hemisphere dominance for Fig  2. Magnetic resonance image of the hippocampal electrode lo- 
cation in Patient 5 ,  
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Table 2. Experimental Designa 

Slide 1 Slide 2 

Epoch 
Paradigm I 
Familiar or novel? 

Paradigm I1 
Same or different? 

Paradigm I11 
Same or different? 

Comparisons 
a. ( 2 + 3 )  vs (1+4)  
b. 1 vs ( 9 +  11) 
c. (5+7)  vs (9+ 11) 
d. (6+ 10) vs (8+ 12) 

0-500 msec Interval ( 150 msec) -+ 

1-Novel face + 
3-Familiar face + 

5-Object A 
7-Object B 

?-Novel face A + 
1 1-Novel face B + 

Type of Encoding 
Familiarity (F) 
Working memory (M) 
Object category (C) 
Perceptual match (P) 

~ 

650-1.150 msec 

2-Familiar face 
4-Novel face 

6-Object A 
8-Object C 

10-Novel face A 
12-Novel face C 

Relevant Epochs 
0-550 and 650-1,300 msec 
0-550 msec 
0-550 msec 

650-1,300 msec 

‘Arabic numerals refer to the 12 types of stimuli 

Each patient participated in the three paradigms outlined 
in Table 2. In each trial, the patient was consecutively shown 
two slides on a computer monitor. Each of the two slides 
was presented for 500 msec and separated by an interval of 
150 msec. On the presentation of the second slide, the pa- 
tient had to push a button depending on the nature of the 
task contingency. 

Paradigm I: The slides consisted of novel faces or  faces of 
family members and friends. The patient had to push the 
right “ALT” key of a conventional keyboard if one of the 
faces was familiar, and the right “CTRL” key if both faces 
were novel. Each patient was shown 107 pairs of slides: 
42 of the pairs contained one familiar face and 65 of the 
pairs did not. In 50% of the pairs, the familiar face was 
presented as the first slide. 

Paradigm 11: The slides consisted of 107 common objects 
(e.g., shoe, radio). The patient pressed the right ALT key 
if the two objects in the pair were perceptually identical 
(42 pairs) and the right CTRI. key if they were different 
(65 pairs). 

Paradigm 111: The slides consisted of 112 unfamiliar faces. 
These were different from the set of unfamiliar faces 
shown in paradigm I, but comparable with respect to lumi- 
nance, size, and facial expression. The patient was asked to 
push the right ALT key if the two faces were perceptually 
identical (42 pairs) and the right CTRL key if they were 
not (65 pairs). 

In all paradigms the patients used the right hand for the 
push-button response. The tasks were easy so that the fre- 
quency of errors did not exceed 1 to 2% in any of the 6 
patients. In 2 patients, incorrect responses were excluded 
from analysis. In 4 patients technical difficulties precluded 
the identification of incorrect responses on the evoked poten- 
tial records. 

As shown in Table 2, we identified 12 distinct types of 
stimuli with respect to presentation order (first or second), 
nature of object (familiar face, unfamiliar face, or common 
object), and task contingency (to detect familiarity or percep- 

tual identity). Four types of pairwise comparisons (a-d be- 
low) were made in order to assess participation in specific 
aspects of visual encoding (see Table 2). The two members 
of each pair for a given comparison differed only along one 
aspect of visual encoding. When such comparisons yielded 
curves that diverged beyond the 1 standard error bars for at 
least 40 msec, they indicated the engagement of that anatorni- 
cal site by that aspect of visual encoding. 

a. The evoked responses to stimulus 1 and 4 (unfamiliar 
faces where the response contingency is to determine fa- 
miliarity) were compared to the responses to stimulus 2 
and 3 (familiar faces in trials where the response contin- 
gency is to determine familiarity) in order to identify a 
familiarity (F)  effect. 

b. The responses to stimulus 1 (presentation of an unfamiliar 
face as the first slide in a task that does not require the 
on-line holding of the visual pattern) were compared to 
the responses to stimuli 9 and 11 (presentation of an unfa- 
miliar face as the first slide in a task that requires the 
brief on-line holding of the visual pattern for subsequent 
comparisons) in order to identify a working memory (Mi 
effect. 

c. The responses to stimulus 5 and stimulus 7 (presentation 
of a common object as the first slide in a task requiring 
the subsequent identification of perceptual identity) were 
compared to the responses to stimulus 9 and stimulus 11 
(presentation of an unfamiliar face as the first slide in a 
task requiring the subsequent identification of perceptual 
identity) in order to identify a face-versus-object category 
(C) effect. 

d. The responses to stimulus 6 and stimulus 10 (presenta- 
tion, as the second slide, of a face or object that matches 
the first slide in a task requiring the identification of per- 
ceptual identity) were compared to the responses to stim- 
ulus 8 and stimulus 12 (presentation, as the second slide, 
of a face or object that does not match the first slide in a 
task requiring the identification of perceptual identity) in 
order to identify a perceptzlal match (Pi effect. 
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F i g  3. Averaged evoked potentials and standard error bars. (A), 
Recording from the amygdala. Thick line = familar faces (stim- 
ulus type 2 + 3 in Table 2); thin line = novel faces (stimnlus 
1 f 4). Note the differential ‘yamiliarity” effect (at 300-350 
and also 950-1,050 msec after trial onset), occurring 300 msec 
after exposure to either the first or the second slide in the pair. 
(B) Recording from lateral frontal cortex. Thick line = novel 
faces in a paradigm not requiring working memo y (stimulus 
I ) ;  thin line = novel faces in a parudigm requiring working 
memory (stimulus 9 + 11). Note the differential “working mem- 
o y ”  dfect, 200 t o  400 ms after trial onset, during exposure to  
the first slide. (C) Recording from the midtemporal and infero- 
temporal regions. Thick line = matching faces and objects (stim- 
ulus 6 f 10); thin line = nonmatching faces and objects (stim- 
ulus 8 i- 12). Note the differential ‘perceptual match’’ dfect 
1,000 to  1,200 msec after trial onset, occurring in response t o  
the second slide. 

For each patient, pairs of evoked response curves related 
to these four pairwise comparisons were computed in order 
to determine whether there were differential responses along 
the relevant aspects of visual encoding within the epochs of 
interest {Fig 3). Differences were considered meaningful if 
there was no overlap of the relevant evoked potentials within 
the range of one standard error. The presence of such differ- 
ential responses was used to implicate the engagement of the 
relevant area by that aspect of visual encoding. Recordings 
from homologous anatomical sites in the two hemispheres 
were considered as two separate samples so that a maximum 
of 12 samples were obtained for each of the relevant encod- 
ing effects in the group of 6 patients. 

Results 
Valid recordings were obtained in 47 of the possible 48 
sites (Table 3). Sixty of the 188 pairwise comparisons 
yielded differential responses of the type shown in Fig- 
ure 3. The object category and perceptual match ef- 
fects displayed a very similar anatomical distribution. 
Differential responses in these two aspects of visual 
encoding were obtained on 17 and 15 relevant pairwise 
comparisons, respectively. They occurred most fre- 
quently in midtemporal and inferotemporal cortex (ac- 
counting for 59% and 73% of all relevant differential 
responses in the comparisons related to these two as- 
pects of visual encoding), occurred much less fre- 
quently in the hippocampus and frontal cortex, and 
were absent in the amygdala (Fig 4). Differential re- 
sponses related to the familiarity effect were obtained 
in 12 relevant comparisons-most frequently in mid- 
temporal and inferotemporal cortex (42%) and the 
amygdala (33%), less frequently in the hippocampus 
(25%), and not at all in the frontal cortex. The working 
memory effect was seen in 16 relevant comparisons- 
most frequently in the frontal cortex (44%) and to a 
considerably lesser extent in the three other regions 
that were probed. 

Each of the three anatomical areas displayed a char- 
acteristic profile of engagement by these visual tasks. 
When the comparisons relevant to each of the four 

Seeck et al: Visual Object Recognition in Temporal and Frontal Lobes 541 



Table 3. Differential Responses in the Relevant Comparisons Related to  the Four Aspects of Visual Encoding 

Am ygdala Hippocampus Mid-inferotemporal Lateral Frontal 

Patient No. Left Right Left Right Left k g h t  Left Right 
~~ 

F c, M C P, M C, P, F M M - 1 
2 
3 
4 
5 No data F, M P F C, P, M C, P, F C C, P, M 
6 

C, P, M C, P, F c, p M C, P, M 
c, p c, p M 

F, M c, p, F c, p 

- M 

F 

F 

- 
- - C, F, M - - 

M - - - 

- - M C, P, F - - - 

C = object category effect; F = familiarity effect; M = working memory effect; P = perceptual match effect; - = no significant differences 
were obtained at that site. 

80%r 

,,%} 

60% 

50% 

40% 

30% 

2Mb 

10% 

PERCEPTUAL FAMILIARITY WORKING MEMORY 
0% 

CATEGORY 

Fig 4. Percentage of relevant comparisons for each of the four as- 
pects of visual encoding that showed differential responses in 
each of the anatomical sites that were probed in this study. 
AMG = arnygdala; HIP = hippocampus; LFC = lateral 
frontal cortex; MlTC = midtemporal and inferotemporal cortex. 

tasks were considered separately, the amygdala dis- 
played a differential familiarity effect (F) in 4 (36%) of 
11 relevant comparisons, and a working memory effect 
in 2 (18%) of 1 1. This region did not display differen- 
tial responses in any of the comparisons related to the 
perceptual match or object category effects. The hip- 
pocampal region displayed a differential familiarity ef- 
fect in 25% of the relevant comparisons, a working 
memory effect in 3396, a category effect in 33% and 
a perceptual match effect in 17%. Lateral frontal cortex 
displayed a differential working memory effect in 58% 
of the relevant comparisons, a category effect in 25%, 
a perceptual match effect in 17%, and a familiarity 
effect in none. Midtemporal and inferotemporal cortex 
displayed a differential familiarity effect in 42% of the 
relevant comparisons, a working memory effect in 
25%, an object category effect in 8396, and a percep- 
tual match effect in 92%. These results show that each 
of the four types of encoding engaged multiple brain 
sites but that each site had a different probability of 
engagement by a specific task (Figs 4,  5 ;  Table 3). The 

strongest lateralization was obtained for the familiarity 
effect in the amygdala where significant differences 
were obtained exclusively in the right hemisphere (see 
Table 3). 

The results in Table 3 were also analyzed with Fried- 
man’s two-way analysis of variance [13]. The presence 
of a differential response was assigned a value of 1 
and its absence, a value of 0. For example, the left 
hippocampal site of Patient 1 was assigned a value of 
1 for the object category effect, 0 for the perceptual 
match and familiarity effects, and 1 for the working 
memory effect. The null hypothesis that the encoding 
effects were uniformly distributed across the four re- 
cording sites was rejected for the category ( p  < 
0.0007) and perceptual match ( p  < 0.0001) effects. 
This analysis approached significance for the familiarity 
effect ( p  < 0.07) but not for the working memory 
effect. The null hypothesis that the four encoding ef- 
fects were uniformly represented at a given site was 
rejected for the amygdala ( p  < 0.04), inferotemporal 
cortex ( p  < 0.004), and lateral frontal cortex ( p  < 
0.005) but not for the hippocampus. Pairwise compari- 
sons demonstrated significant differences between in- 
ferotemporal cortex and the amygdala for the category 
effect ( p  < O.Ol), and inferotemporal cortex and the 
other sites for the perceptual match effect ( p  < 0.05). 
Several pairwise comparisons narrowly missed reaching 
significance, almost certainly because of the small sam- 
ple size. Despite the small sample size, this analysis 
provides quantitative support for the major effects il- 
lustrated in Figures 4 and 5. 

Discussion 
The transformation of visual sensory data into visual 
knowledge occurs through an orderly transfer of infor- 
mation along multisynaptic neural pathways. Visual in- 
formation about the extrapersonal environment is first 
conveyed by the geniculocalcarine pathway to striate 
cortex. After an obligatory relay in striate cortex, visual. 
information is transmitted to several peristriate visual 
areas 13f. The striate and peristriate cortices then pro- 
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Fig 5 ,  Regional variations in the frequency (indicated as per- 
centages on the y axis) with which dijjfirent parts of the brain 
were engaged in the four types of uzsual encoding that were in- 
vestigated. AMG = amygdula; HIP = hippocampus; LFC = 
lateral frontal cortex; M I T C  = midtemporal and inferotemp- 
oral cortex. 

ject to downstream visual association areas along two 
major multisynaptic pathways, one directed dorsally 
and the other ventrally El 1). The dorsal pathway con- 
veys visual information to parietal and frontal areas 
and is involved predominantly in processing the spatial 
attributes of visual information. The ventral pathway 
conveys visual information to the middle and inferior 
temporal gyri, to mediotemporal limbic structures 
(e.g., the hippocampus and the amygdala), and to ven- 
trolateral frontal cortex. Our studies address the func- 
tions of this ventral visuofugal pathway and its role in 
encoding and elaborating visual representations related 
to objects. 

We gave our patients pairs of tasks that differed in 
only one aspect of visual encoding in order to identify 
recording sites that yielded a differential neural re- 
sponse when the two tasks were compared to each 
other. The existence of such differential responses in- 
dicated the regional engagement of that site during a 
specific phase of visual encoding. Simultaneous record- 
ings limited to the amygdala, hippocampus, midtem- 
poral and inferotemporal cortex, and lateral frontal cor- 
tex showed that the encoding of four distinct aspects 
of visual information occurs in an anatomically distrib- 
uted but also regionally specialized fashion. 

In this group of 6 patients, only the working mem- 
ory effect engaged all four of the probed sites. This 
aspect of visual encoding engaged lateral frontal cortex 

more frequently than the other three sites. The object 
category and perceptual match effects engaged mid- 
temporal and inferotemporal cortex with a consider- 
ably greater frequency than the other sites. These as- 
pects of visual encoding also engaged frontal cortex 
but not the amygdala. The familiarity effect engaged 
midtemporal and inferotemporal cortex and the amyg- 
dala more frequently than the hippocampus. Lateral 
frontal cortex did not show engagement by this aspect 
of visual encoding. The amygdala participated in the 
differential representation of familiar versus unfamiliar 
faces more frequently than in the other three parame- 
ters of visual processing. Midtemporal and inferotemp- 
oral cortex displayed the most frequent differential 
evoked responses in comparisons related to perceptual 
matching and category distinctions. Lateral frontal cor- 
tex, and to a lesser extent the hippocampus, displayed 
differential response patterns most frequently when 
tasks that required the very brief on-line storage of 
information in workmg memory were compared to 
tasks that had no such requirement. The nonadditive 
and regionally distinct patterns of differential responses 
shown in Figure 5 also suggest that the processing of 
these four aspects of visual representation are distrib- 
uted in parallel rather than in series. 

Experimental observations in laboratory primates in- 
dicate that the amygdala plays a critical role in associat- 
ing complex visual information with emotional states. 
Amygdaloid units selectively respond to faces that have 
emotional and motivational significance [ 141. Visually 
presented complex social scenes with emotional con- 
notations evoke neuronal activation in the amygdala 
r151. Our observations show that the most frequent 
differential responses recorded from the amygdala oc- 
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curred when the activity related to familiar faces was 
compared to that evoked by unfamiliar faces, showing 
that this region of the brain has a relatively specialized 
role in encoding the familiarity, and hence emotional 
significance, of faces. The preferential involvement of 
the right amygdala is consistent with a growing body 
of evidence which suggests the existence of a right- 
hemisphere dominance in the human brain for the 
modulation of emotion and affect [l6]. Recognition of 
familiarity also entails the retrieval of information from 
long-term memory stores. The hippocampus and infe- 
rotemporal cortex play critical roles in this function 
1173, explaining why they were also engaged by the 
facial recognition task whereas lateral frontal cortex 
was not. 

The region of midtemporal and inferotemporal cor- 
tex is a major component of visual association cortex. 
It receives dense neural projections from peristriate 
cortex and its neurons participate in complex pattern 
recognition tasks involving faces and common objects 
112, 15, 17-19]. Damage in this part of the human 
brain leads to visual recognition deficits for faces and 
other objects 16). In keeping with these observations, 
this part of the brain gave the highest frequency of 
differential responses in comparisons related to the for- 
mation of category-specific visual templates and per- 
ceptual marches of visual stimuli, including faces. 

Working memory refers to a stage during which in- 
formation is put on hold for a short period of time 
until it is further processed or overwritten by new in- 
formation. Anatomical and physiological evidence indi- 
cates that prefrontal cortex plays a pivotal role in this 
process [ 5 ,  6, 20, 21). In our experiments, differential 
responses to stimuli that required even very brief cap- 
ture into an on-line immediate memory buffer were 
most frequently obtained in the lateral frontal lobes 
and to a lesser extent in the hippocampus. Single unit 
recordings in monkeys indicate that inferotemporal 
cortex also plays an important role in short-term, work- 
ing memory C17, 223. In our group, the midtemporal 
and inferotemporal region was engaged in working 
memory tasks in almost 20% of the relevant samples. 
The hippocampus displayed the least specific profile of 
specialization, probably because we did not use tasks 
that emphasized the formation or activation of recently 
acquired long-term memory traces. 

This study offers strong support for the emerging 
view that our knowledge of the extrapersonal visual 
world is the collective outcome of multiple and ana- 
tomically distributed representations, each emphasiz- 
ing a distinct attribute of visual information 12). Each 
of the anatomical sites involved in the formation of 
these representations displays an individual pattern of 
relative specialization. Within the set of four types of 
visual processing that we investigated, neuronal ensem- 
bles in the amygdala were most frequently involved in 

the encoding of familiarity; those in the midtemporal 
and inferotemporal region, in the encoding of cate- 
gory-specific templates and object-specific patterns; 
and those in the lateral frontal cortex, in holding visual 
object patterns in working memory. 

Some of these regional specializations were input 
dependent whereas others were task dependent. The 
differential responses to faces versus objects occurred 
at the time of stimulus presentation and irrespective of 
task demands, whereas the differential responses asso- 
ciated with working memory were task-specific and re- 
sulted from the task-dependent, differential handling 
of identical stimuli. 

Our observations show that visual information re- 
lated to a face automatically triggers a different pattern 
of neural activation in midtemporal and inferotemporal 
cortex when compared to information related to other 
objects. If the subject is given a task that requires the 
on-line holding of the relevant information, this in- 
structional set causes an additional differential response 
pattern to emerge in prefrontal cortex. Furthermore, 
the familiarity of the face elicits differential responses 
in the amygdala while its perceptual identity to a previ- 
ously shown face elicits a differential response in mid- 
temporal and inferotemporal cortex. The totality of 
these distributed response patterns provides a multidi- 
mensional encoding of the visual event. These observa- 
tions further emphasize the exceedingly dynamic and 
distributed architecture of brain activity that links sim- 
ple visual input to complex visual knowledge. 

References 
1. Mesulam M-M. Higher visual functions of the cerebral cortex 

and their disruption in clinical practice. In: Albert DM, Jakobiec 
FA, eds. Principles and practice of ophthalmology, vol4. Phila- 
delphia: Saunders, 1994:2640-2653 

2. Mesulam M-M. Neurocognitive networks and selectively dis- 
tributed processing. Rev Neuroi 1994;150:564-569 

3. Van Essen DC. Functional organization of primate visual cortex. 
In: Peters A, Jones EG, eds. Cerebral cortex, vol 3. New York: 
Plenum, 1985 

4. Watson JD, Myers R, Frackowiak RS, et al. Area V5 of the 
human brain: evidence from a combined study using positron 
emission tomography and magnetic resonance imaging. Cereb 
Cortex 19933: 79-94 

5. Goldman-Rakic PS, Friedman HS. The circuitry of working 
memory revealed by anatomy and metabolic imaging. In: Lvin 
HS, Eisenberg HM, Benton AL, eds. Frontal lobe function and 
dysfunction. New York: Oxford Universiry Press, 1991:72-91 

6. Damasio AR, Damasio H, Van Hoesen GW. Prosopagnosia; 
anatomic basis and behavioral mechanisms. Neurology 1982;32: 
331-341 

7. Mesulam MM. Large-scale neurocognitive networks and distrib- 
uted processing for attention, language, and memory. Ann Neu- 
rol 1990;28:597-613 

8. Seeck M, Mainwaring N, Ives J, et al. Differential neural activiry 
in the human temporal lobe evoked by faces of family members 
and friends. Ann Neurol 1993;34:369-372 

9. Wilson MA, McNaughton BL. Dynamics of the hippocampal 
ensemble code for space. Science 1993;261:1055-1058 

10. Wilson FAW, OScalaidhe SP, Goidman-Rakic PS. Dissociation 

544 Annals of Neurology Vol 37 No 4 ApriI 1995 



of object and spatial processing in primate prefrontal cortex. 
Science 1993;260: 195 5- 1957 

11. Ungerleider LG, Mishkin M. Two cortical visual systems. In: 
Ingle DJ, Mansfield RJW, Goodale MD, eds. The analysis of 
visual behavior. Cambridge: MIT Press, 1982:549-586 

12. Gross CG. Inferoremporal cortex and vision. Prog Physiol Psy- 

13. Siege1 S. Non-parametric statistics. New York: McGraw Hill, 
1956 

14. Leonard CM, Rolls ET, Wilson FAW, Baylis GC. Neurons in 
the amygdala of the monkey with responses selective for faces. 
Behav Brain Res 1985;15:159-176 

15. Brothers L, h n g  B, Kling A. Response of neurons in the ma- 
caque amygdala co complex social stimuli. Behav Brain Res 

16. Mesulam M-M. Patterns in behavioral neuroanatomy; associa- 
tion areas, the limbic system, and hemispheric specialization. In: 
Mesulam M-M, ed. Principles of behavioral neurology. Philadel- 
phia: Davis, 1985:l-70 

chol 1973;5:77-123 

1990;41: 199-2 13 

17. Eskandar EN, Richmond BJ, Oprican LM. Role of inferior tem- 
poral neurons in visual memory: I. Temporal encoding of infor- 
mation about visual images, recalled images, and behavioral con- 
text. J Physiol 1992;68:1277-1295 

18. Rolls ET. Neural organization of higher visual functions. Curr 
Opin Neurobiol 1991;1:274-278 

19. Ojemann JG, Ojemann GA, Lettich E. Neuronal activity related 
to faces and marching in human nondominanr temporal cortex. 
Brain 1992; I1 5 :  1-13 

20. Fuster JM. Role of prefronral cortex in delay tasks: evidence 
from reversible lesion and unit recording in the monkey. In: 
Levin HS, Eisenberg HM, Benton AL, eds. Frontal lobe func- 
tion and dysfunction. New York: Oxford University Press, 

21. Petrides M, Alivisatos B, Evans AC, Meyer E. Dissociation of 
human mid-dorsolateral f rond  cortex in memory processing. 
Proc Nati Acad Sci USA 1993;90:873-877 

22. Miller EK, Desimone R. Parallel neuronal mechanisms for 
short-term memory. Science 1994;263:520-522 

109 1 :7 2-9 1 

Seeck et al: Visual Object Recognition in Temporal and Frontal Lobes 545 




