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The orbitofrontal cortex is divided into ventromedial
(reddish in the anterior view: above and yellow in the 
convex-lateral and median-sagittal view) and the 
lateral orbitofrontal cortex (green)





Brain of the macaque monkey with major subdivisions indicated.



Walker’s cytoarchitectonic map of the monkey prefrontal cortex





Mediodorsal nucleus projection to the PFC

(Carpenter, 1991) 













1-2 speech;4 mental 
calculation; 5 route finding

8:vigilance somatosens;10 visual 
discr; 12: trimodal attention

1,2,3,4,5,6,8,9.11 speech; 7 vigilance SS; 14 visual discr of shape; 15 trimodal attention





CONNECTIONS OF THE FRONTAL CORTEX
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FUNCTIONAL DIVISIONS IN THE CINGULATE CORTEX

1: Visceral effector; 2: Cognitive effecor; 3: Skeletomotor effector; 4:Sensory processing
region (Mega et al., 1997)











CINGULATE MOTOR AREA AND ITS LIMBIC CONNECTIONS 

Morecraft and van Hoesen, 1998





Functional activation in the cingulate cortex. 5 Stroop task; 6-7 thermal pain; 8 divided 
attention; 10 anticipatory fear; 11 panick attack (From Roland, 1994)













executive        social behavior   motivation

Three behaviorally relevant 
frontal-subcortical circuits..
DLPFC, dorsolateral prefrontal 
cortex; GP, globus pallidus; SN, 
substantia nigra; Nu accumbens, 
nucleus accumbens; Ant cingulate, 
anterior cingulate; OF, 
orbitofrontal.



retrieval deficit with poor recall 
(frontal variant of AD); recognition 
(amnestic)  for recently learned 
info (both semantic and episodic) 
[parietal-temp lesion]

difficulty copying 
complex figures, 
problems with route 
finding and dressing

inability to focus and direct 
cognitive processes and to resist 
distraction, unable to focus and 
sustain attention over a period of 
time

poor judgment, impaired insight, 
poor strategy, abstraction, planning 
inability to adjust to novelty, 
impaired motor programming, 
difficulties with set shifting, 
behavioral inhibition,  reduced 
initiation, imitation, inability to 
withhold responses, distractibility, 
intrusions, perseveration, reduced 
responses to feedback

apathy, depression, agitation, 
anxiety,   obsessive 
symptoms, sexual changes,  
euphoria, Psychosis 
(delusion, hallucinations)

anomia progressing to TCS 
aphasia; echolalia and 
palilalia late in course.
TCS: Disturbance of single 
word comprehension with 
relatively intact repetition



component mechanisms involved in executive functions



GOAL DIRECTED 
BEHAVIOR

1. Planning: identify goals, 
develop subgoals. 

2. Receive information about 
goals and means. Rule 
learning. Reward

3. Selection of task relevant 
information- selection of 
responses (focusing, 
attention)

4. Determine what temporal 
order is required to 
achieve the subgoals

5. Switching tasks, when 
necessary

6. Monitoring progress



SHORT-TERM MEMORY-
LONG-TERM MEMORY

Atkinson-Shiffrin model. 
Sensory information 
enters the information-
processing system and is 
first stored in a sensory 
register. Items that are 
selected via the 
attentional process are 
then moved into short-
term storage. With 
rehearsal, the item can be 
moved from short term to 
long- term storage. The 
shortcomings of this 
model led to the working 
memory models



Baddeley’s model of working 
memory (Baddeley and Hitch, 
1974). Working memory entails 3 
components: a central executive 
(attentional) and two  
(independent) subsystems: one for 
sustaining (rehearsing) 
visuospatial representations and 
the other for sustaining verbal 
representations in a phonological
(acoustical coding) format (covert 
articulatory rehearsal). 

Evidence about the distinct nature of 
these subsystems comes from 
studies of patients with specific 
brain lesions.



COMPONENTS OF THE 
PHONOLOGICAL LOOP

For task remembering a list of 
read words, the phonological 
loop is hypothesized to be 
composed of 3 components: 
areas left 44-45, left SMA, 
lateral right cerebellum and left
Wernicke’ area-supramarginal
gyrus (Gazzaniga, 2002).

The visuospatial sketchpad is 
compromised by damage to the 
parieto-occipital region of both 
hemispheres, but damage to the 
right hemisphere produces 
more severe deficits in visuo-
spatial short-term memory. 



Two levels of cognitive processes proposed by Norman and Shallice. Represented here is 
the notion that specialized functions that acquire information about goals and means select 
and coordinate among innate and well-established routines. Active processing lines are 
indicated by red





SHORT-TERM MEMORY

Volunters are presented with 
three letter consonants. 
Even after 30 sc subjects 
remember the consonant 
strings when they were 
permitted to rehearse 
(silently). However, if 
between the presentation of 
the letter and the cue (3-18 
sec), the subjects were 
distracted from rehearsing 
the letters by asked to 
perform mental arithmetic 
such as backward 
subtraction, by 18 sec the 
percentage of correct 
responses dropped below 
10%



Serial position effect. The percentage of items recalled is plotted as a function of the item’s 
position in the list. Primacy and recency effects are represented by the better recall of items at 
the beginning and at the end of the list. It is suggested that the primacy effect is related to 
quick transfer of information from short to long term memory. Primacy effect can be eliminated 
if the list items were presented more quicly, a manipulation that did not effect recency. On the 
other hand, the recency effect reflects retention in short term memory. Introducing distractors
that interfere with rehearsal eliminate  the recency effect.(Gazzaniga, 2002)



WORKING MEMORY 
Representing, maintaining and 
manipulating information that is 
not immediately present in the 
environment. It allows for the 
interaction of current goals with 
perceptual information and 
knowledge accumulated from past 
experience. Its time course from 
seconds to minutes and is readily 
available to conscious awarness. 
The content of working memory 
might originate from sensory 
inputs by way of sensory memory 
but also might be retrieved from 
long-term memory. In any case 
working memory contains 
information that can be acted on 
and processed, not merely 
maintained by rehearsal, although 
this is one aspect of working 
memory.

Lateral PFC may provide a transient buffer for sustaining information in other cortical regions. In this 
example the person is telling a friend about her walk across the Golden-Gate bridge. Long term 
knowledge is reactivated and temporarily maintained through the reciprocal connections between the 
PFC and more posterior regions. Note that the long-term memories of the GGB are stored in dimension-
specific cortical regions (Gazzaniga, 2002).



WORKING MEMORY DEFICIT: 
DELAYED RESPONSE TASK

Monkeys with prefrontal lesions 
demonstrate selective impairment on 
the working memory delayed-
response task (L). In the working 
memory task, the monkey sees one 
well baited with food. After a delay 
period, the animal retrieves the food. 
The location of the food is 
determined randomly. In the 
associative memory task, the food 
reward is always associated with 
one of the visual cues. The location 
of the cues (and food) is determined 
randomly. Working memory is 
required in the first task because, at 
the time the animal responds, there 
are no external cues indicating the 
location of the food. Long-term 
memory is required in the second 
task since the animal must 
remember which visual cue is 
associated with reward (Goldman-
Rakic, 1992; Gazzaniga, 2002).



CELLULAR BASIS OF WORKING MEMORY

PFC delay activity. The activity of a single PFC neuron during five trials of a spatial delayed 
response task is shown. The arrow indicates the monkey’s behavioral response at the end of 
the memory delay. Each small vertical line indicates an action potential from the neuron. Note 
the increased activity in the delay relative to other epochs. From Fuster (1973). 



SPATIAL-DELAYED RESPONSE TASK Activity of a single PFC neuron 
during performance of an 
oculomotor spatial delayed 
response task. Each trial starts with 
the monkey fixating the central 
fixation point (FP) indicated in the 
central diagram. Then, a cue light 
(C) was flashed briefly on in one of 
the eight locations indicated in the 
central diagram. After a delay (D), 
the monkey was allowed to respond 
(R) by moving its eyes to the 
remembered location of the cue. 
Neural activity from cuing each 
location is shown by the 
corresponding histogram. This 
neuron exhibited delay period 
activity when the cue to be 
remembered was presented in the 
upper left quadrant of the visual 
field. Scale bars in the lower right 
indicate 1 s of time (1 S) and 50 
spikes per second of neural activity 
(50 S/S). From Funahashi et al. 
(1989). 















Brain regions are differentially active during encoding and retrieval, as indicated by 
differences in regional cerebral blood flow in a direct within-subjects comparison. (a) Brain 
regions more active during encoding than retrieval, including bilateral temporal lobes, left 
fusiform extending to the perirhinal cortex, right parahippocampal gyrus and bilateral 
entorhinal cortex. (b) Brain regions more active during retrieval than during encoding, incl. 
right frontal lobe, ant. cingulate, thalamus, brainstem, and cuneus/precuneus. The displays 
are sagittal views from the right, coronal views from back, and transverse views from the top 
of the brain. The data were pooled from four different PET studies involving a total of 48 
healthy subjects (from Tulving and Markowitsch, 1997)



Somatosensory (S), spatial (SP), 
auditory (A), visual (V) and some aspect 
of multimodal (M) information are 
processed in posterior temporal and 
parietal association areas. In the human 
brain, linquistic information is 
processed, primarily in the left parieto-
temporal junction. Processing in these 
posterior associational cortical areas 
is assumed to underlie not only 
perception and long-term storage, 
but also transient maintenance of 
information for further processing.
These areas interact with ventrolateral
(VL) frontal cortical areas when 
executive processing, such as 
decision making, comparison, or active 
retrieval of information held in memory, 
is involved. The mid-dorsolateral (MDL) 
frontal cortex, which is connected with 
the VL and with the memory system of 
the medial temporal lobe (MTL), 
exercise a higher-order control of 
mnmonic processing when monitoring 
and manipulation of information in 
worrking memory is required 
(Petrides, 1998).

MULTIPLE PROCESSING LEVELS



Subjects performed a delayed auditory matching-to-sample task. Unrelated distractors tones 
were presented during the delay period. Patients with prefrontal lesions made more errors for all 
delay conditions and the deficits became greater as the number of distractors increased. Patients 
with hippocampal lesions were impaired only at the longest delay (Chao and Knight, 1995).



P30: FILTERING DEFICIT 

Evoked potentials reveal filtering 
deficits in patients with lesions in 
the lateral prefrontal cortex. 
Evoked responses to auditory 
clicks in 3 groups of neurological 
patients. The first positive peak 
occurs at about 8 msec and 
reflects neural activity in the 
inferior colliculus. The second 
positive peak occurs around 30 
msec, the P30, reflecting neural 
responses in the primary auditory 
cortex. Both responses are 
normal in patients with parietal 
lesion. The second peak is 
reduced in patients with temporo-
parietal lesion, reflecting loss of 
neurons in the auditory cortex. 
The auditory cortex response is 
amplified in patients with frontal 
damage, suggesting loss of 
inhibition from frontal to temporal 
lobe.



N100 ATTENTION DEFICIT

Difference waves for attended and 
unattended auditory signals. Subjects 
were instructed to monitor tones in 
either the  left or the right ear. The 
evoked response to the unattended 
tones is subtracted from the evoked 
response to the attended tones. In 
healthy individuals, the effects of 
attention are seen at approximately 
100msec, marked by a larger 
negativity (N100). Patients with right 
prefrontal lesions show no attention 
effect for contralesional tones 
presented in the left ear but show 
normal effect for ipsilesional tones. 
Patients with left prefrontal lesions 
show reduced attentional effects for 
both contralesional and ipsilateral
tones (Knight and Grabowecky, 1995). 



STROOP TASK: DEFICIT in cognitive 
control/attention.  Ability to acquire 
conditional if-then rules. The PFC contain 
modules dedicated to represent task rules and 
contingencies. 

The subject is required to scan down each column, 
naming the actual color of the world while ignoring the 
world itself. In the third column each stimulus contains a 
mismatch between word and color, which creates 
distraction and demands for attentional focus (Stroop, 
1935). 
Cortical activation foci during the Stroop task (Pardo et 
al., 1990). Frontal lobe patients display heightened 
interference on the Stroop task.



Wisconsin Card Sorting Task: 
SET SHIFT

Patients with damage in the 
lateral prefrontal cortex has 
difficulty on the WCST. On each 
trial, the subjects place the top 
card on the deck under one of 
the four target cards. The 
experimenter indicates whether 
the response is correct or 
incorrect, allowing the subject to 
learn the sorting rule by trial and 
error. The sorting rule changes 
whenever the subject makes ten 
consecutive correct responses 
(Gazzaniga, 2002).



MODIFIED WCST for fMRI

(a) Stimulus displays and response board. Subjects matched the center objects (target) to 
one of four objects in the corner (reference), using the response board. The match could be 
made on the basis of color, form or number. After 10 correct response the matching rule 
would change, indicating a dimension shift.  



(b) Increased activation was observed bilaterally in the IFG following the signal to shift 
dimensions. The hemodynamic response peaks about 7 sec after the shift (Konishi et al., 1998)



RECENCY MEMORY: TEMPORAL ORDER OF EVENTS

Recency memory is impaired in patients with prefrontal lesions. Subjects are presented 
with a series of cards each one showing a pair of objects. On test cards, the objects are 
flanked by question marks, and the subject must indicate which object was seen most 
recently. In the recency test, both objects on the test cards had been seen previously. In 
the item recognition test, only one object had appeared previously. The results revelead
a single dissociation. Patients who had a frontal lobectomy performed more poorly on 
the recency task compared to both control subjects and patients with temporal 
lobectomy (Milner, 1991; Gazzaniga, 2002). 



THE ANT. CINGULATE CTX. AS 
MONITORING SYSTEM

Subjects hear a noun. In the repeat 
condition, they simple repeat the word; in the 
generation condition, they name a word that 
is a verb associate. To avoid including motor 
activity in the evoked potentials, subject were 
instructed to withold their responses until a 
‘go’ signal appeared, abot 1500 msec after 
the stimulus. The difference waveform is 
obtained by subtracting the evoked potential 
in the repeat condition from the EP in the 
generation condition. Dipole modeling was 
used to identify the neural region associated 
with each peak. The first difference 
waveform was observed 180 msec after the 
onset of the target noun and was attributed 
activation in the ACG. About 30 msec later, 
a second generator was required to model 
the data. This generator was localized in the 
lateral PFC in the left hemisphere. Finally, 
around 620 msec after stimulus onset, a 
third generator was linked to the posterior 
cortex in the left hemisphere (Snyder et al., 
1995).
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ERROR-RELATED NEGATIVITY
Subjects were tested on a two-choice 
letter discrimination task in which they 
made speeded responses with either the 
right or the left hand. Errors were 
obtained by emphasizing speed and by 
flanking the targets with irrelevant 
distractors. Evoked potentials for 
incorrect responses deviated from those 
obtained on trials with correct responses 
just after the onset of peripheral motor 
activity (EMG onset). This error detection 
signal is maximal over a central electrode 
positioned over the anterior cingulate
(Gehring et al., 1993). 



Four ways in which 
a supervisory 
attentional system 
(SAS) would be 
involved in 
monitoring 
functions. Evidence 
for a role of the 
cingulate cortex in 
each function listed 
on the right.



The anterior cingulate cortex has been hypothesized to operate as an executive attention 
system. This system serves to ensure that processing in other brain regions is most efficient 
given the current task demands. Interactions with the PFC may select working memory buffers; 
interactions with the posterior cortex can serve to amplify activity in one perceptual module 
over others (Posner and Raichle, 1994; Gazaniga, 2002).





Subjects were required to choose cards from one pile or the other, with each card specifying an 
amount won or lost. Through trial and error, the subjects can learn that pile A was riskier than 
pile B. Control subjects not only tended to avoid the high-risk pile but also showed large skin 
conductance response (SCR) when considering choosing from this pile. The patients with 
prefrontal lesions failed to show this anticipatory SCRs. However, they show a large SCR upon 
turning a card and discovering they had lost $1000 (of play money) (Gazzaniga, 2002).

EMOTIONAL DECISION. The somatic marker hypothesis
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