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within the human prefrontal cortex 
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Numerous brain lesion and functional neuroimaging studies have suggested that the dorsolateral 
and frontopolar prefrontal regions are involved in complex cognitive processes subserving thought 
and memory. However, previously proposed functional subdivisions of prefrontal function have con
centrated predominantly on posterior prefrontal cortex, including the dorsolateral, ventral, and medial 
regions. Far less consideration has been given to characterizing the psychological processes mediated 
by the frontopolar cortex. Here we review published neuroimaging studies of reasoning and episodic 
memory, two domains in which the frontopolar cortex has been frequently activated. The results sug
gest that dorsolateral prefrontal cortex is involved when externally generated information is being eval
uated, whereas the frontopolar cortex becomes recruited when internally generated information needs 
to be evaluated. A hierarchical model of prefrontal function is proposed in which dorsolateral and fron
topolar regions are serially recruited as a reasoning or memory task requires evaluation of internally 
generated information. 

The prefrontal cortex is known to be essential for com
plex cognitive processing, but its functions have been de
fined in mostly general terms. One approach to a more 
precise functional definition has been to regard the pre
frontal cortex as a heterogeneous region, composed of 
specialized subregions with different functional roles. 
Indeed, cytoarchitectonic studies in the beginning of the 
20th century (Brodmann, 1908; Campbell, 1905; Elliott 
Smith, 1907; Vogt, 1906), as well as recent neuroanatomic 
studies (Pandya & Barnes, 1987), neurophysiological (di 
Pellegrino & Wise, 1991; Rosenkilde, 1979) and neuro
circuitry studies (Alexander, DeLong, & Strick, 1986; Bar
bas & Pandya, 1991; Pandya & Barnes, 1987) have sug
gested that the prefrontal cortex should be subdivided 
into several structurally and functionally different subre
gions. A number of regional specifications have been 
proposed, from Broca's original localization of the infe
rior prefrontal cortex as an area essential for the produc
tion of speech, to recently proposed functional special
izations of specific prefrontal subregions such as the 
ventromedial (Damasio, 1996), orbitofrontal (Rolls, 1996), 
and dorsolateral (Goldman-Rakic, 1987; Petrides, 1991). 
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Some analyses have focused on contrasting one subre
gion to another (for instance, D'Esposito et aI., 1998; 
Owen, Evans, & Petrides, 1996; Petrides, 1994) in order 
to clarify the type of processing for which each subre
gion is specialized. 

Most considerations of regional specialization, how
ever, have concentrated on the posterior prefrontal cor
tex, including the dorsolateral, ventral, medial, and or
bitofrontal regions. There has been far less consideration 
of the anterior-most part of the prefrontal cortex, usually 
referred to as the frontopolar (or rostrolateral) prefrontal 
cortex. Neuropsychological studies of the frontal lobes 
have often included patients with lesions involving the 
frontopo1ar cortex, but have been unable to adequately 
control for differences in the location of lesions in the 
anterior-posterior dimension (Stuss & Benson, 1986) and 
currently there is no definitive lesion data concerning the 
functional role of the frontopolar cortex (Baker et aI., 
1996). Similarly, neurophysiological and lesion studies 
with nonhuman primates have concentrated on the mid
dorsal or other posterior prefrontal regions, without attrib
uting any specific functional role to the frontopolar cortex. 

With remarkable frequency, however, functional neu
roimaging studies have detected frontopolar cortex acti
vation when people perform complex cognitive tasks. 
Activation in this region has been reported for many rea
soning tasks, such as the Tower of London (Baker et aI., 
1996), the Wisconsin Card Sorting Test (WCST; Berman 
et aI., 1995; Goldberg et aI., 1998; Nagahama et aI., 1996), 
inductive and probabilistic reasoning tasks (Goel, Gold, 
Kapur, & Houle, 1997; Osherson et aI., 1998), and the 
Raven's Progressive Matrices Test (RPM; Prabhakaran, 
Smith, Desmond, Glover, & Gabrie1i, 1997). Frontopolar 
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activations are also common when people perform mem
ory tasks involving episodic retrieval (for reviews, see 
Cabeza et aI., 1997; Nolde, Johnson, & Raye, 1998; Ny
berg, Cabeza, & Tulving, 1996). Many of these studies 
report both dorsolateral and frontopolar activations, but 
few offer suggestions as to what different psychological 
operations are mediated by these anatomically distinct 
frontal regions (exceptions are Baker et aI., 1996; and 
Koechlin, Basso, Pietrini, Panzer, & Grafman, 1999). 

In this article, we review the results from neuroimaging 
studies in the domains of reasoning and episodic mem
ory retrieval and examine the evidence for a functional 
distinction within the prefrontal cortex in a rostrocaudal 
(anterior-posterior) direction. The review suggests tha-r 
frontopolar cortex can be viewed as functionally distinct 
from the dorsolateral cortex. We propose that these two 
regions of the cortex form a hierarchical system special
ized for the evaluation, monitoring, and manipulation of 
information held in working memory. More specifically, 
the dorsolateral prefrontal cortex is involved during pro
cessing of externally generated information, whereas the 
frontopolar cortex is additionally recruited during process
ing of internally generated information. Thus, the dorso
lateral cortex is sufficient when the internally represented 
information being processed is or has recently been im
mediately present in the environment. On the other hand, 
the frontopolar cortex is recruited in addition to the dor
solateral when the internally represented information be
ing acted on was not present in the environment and has 
been internally generated. 

Although the present article will focus specifically on 
the dorsolateral and frontopolar cortical areas, the pro
cesses involved in reasoning and episodic memory re
trieval are most likely subserved by an interconnected 
and widely distributed system of cortical and subcortical 
regions. A more complete understanding of these two pre
frontal areas will ultimately require an appreciation of how 
they interact with other brain regions. 

Terminological Considerations 
Even though the termsfrontopolar and dorsolateral, as 

defining regions of the prefrontal cortex, are used widely 
in the neuroimaging literature, there have been occa
sional inconsistencies among different researchers in re
lating these regions to Brodmann's (1908) classification 
of cortical areas. The extent of dorsolateral prefrontal cor
tex has been generally agreed upon as corresponding to 
Brodmann's areas (BA) 9 and 46, which include the mid
dle parts of the superior and middle frontal gyri (Petrides 
& Pandya, 1994). The term dorsolateral is used to dis
tinguish this region from the frontopolar cortex, which lies 
rostral to the dorsolateral (Petrides, 1996). 

There has, however, been a lack of general agreement 
with respect to the anatomical extent of the frontopolar 
cortex. The most liberal approach is to classify as "fron
topolar" all activations that fall within area 10. However, 
this criterion makes it difficult to distinguish frontopo
lar cortex from medial prefrontal cortex (covered in part 

by the medial portion of area 10) and the orbitofrontal 
cortex (covered in part by the inferior-most portion of 
area 10). Moreover, area 10 varies across its medial, lat
eral, and orbital surface both in terms of cytoarchitec
tonics (Petrides & Pandya, 1994) and in terms of func
tional connectivity (Pandya & Barnes, 1987). Therefore, 
defining the frontopolar cortex as area 10 may be too 
general and may have contributed to the difficulties in 
precisely characterizing its functional specialization. In 
the analysis below, we have taken a more conservative 
approach by defining the frontopolar cortex as the lat
eral portion of area 10, or the anterior parts of the middle 
and superior frontal gyri. In addition, the interim areas 
on the lateral borderline of area 10 (areas 10/46 and 10/9) 
are also classified as part of the frontopolar cortex. 

Distribution Analyses of Neuroimaging Studies 
In this article we present analyses of the distribution 

of stereotaxic coordinates of activation foci reported by 
neuroimaging studies in the domains of reasoning and epi
sodic memory retrieval. These analyses were conducted in 
order to gain evidence as to what psychological processes 
may be mediated by the frontopolar cortex and, where 
possible, to reveal differences between task conditions 
associated with frontopolar and dorsolateral activations. 

Inclusion criteria. We have attempted to review all 
published studies of reasoning and episodic retrieval that 
(1) reported stereotaxic coordinates and (2) reported ei
ther dorsolateral and/or frontopolar activation. The first 
of these two domains-the domain of reasoning-is not 
precisely defined. A certain degree of reasoning may be 
associated with many sorts of studies. Here, we review 
only studies that intentionally studied reasoning pro
cesses and employed standard problem-solving tasks. 

Methodological considerations. In any review of 
neuroimaging literature, studies are likely to vary con
siderably not only in the specific experimental and base
line conditions but also in the way data are analyzed. The 
reviews we present are based on the reported local max
ima because volumetric measures such as activation ex
tent or cluster size may be more sensitive to variation in 
analysis parameters (Worsley, Marrett, Neelin, & Evans, 
1996). Local maxima, on the other hand, are useful for 
cross-study comparisons because differences in smooth
ing kernels or statistical power ought to have a minimal 
effect on their location. Nevertheless, there remain dif
ferences across studies in how anatomical and functional 
data are registered in standardized space, which could af
fect the location of prefrontal activations. Further, dif
ferences in statistical methods may result in differences 
in the control of Type I error (Aguirre, Zarahn, & D'Espo
sito, 1997; Zarahn, Aguirre, & D'Esposito, 1997), which 
in the present reviews could lead to spurious dorsolateral 
or frontopolar activations. Similarly, there could be dif
ferences in the control of Type II error, which in this case 
would lead to failures in detecting existing prefrontal ac
tivations. However, in spite of inevitable differences across 
studies, an integrative analysis of the reported locations 
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of significant activation maxima can prove useful for re
vealing functional specialization of brain regions. 

FRONTOPOLAR CORTEX ACTIVATIONS 

Distribution Analysis of Neuroimaging 
Studies of Reasoning 

In order to assess the extent to which frontopolar acti
vation has been characteristic of reasoning tasks, we 

summarized activation foci reported across neuroimag
ing studies of reasoning. The studies used problem solv
ing tasks such as the Tower of London, card sorting, induc
tive (or probabilistic) reasoning, and the RPM. Tables 1 
and 2 list the studies along with details about the target 
and reference task, information on whether frontopolar and 
dorsolateral prefrontal cortex activation was reported, 
and the stereotaxic coordinates of the local maxima of 
activation reported by the studies. The stereotaxic coor-

Table 1 
Reasoning and the Frontopolar Prefrontal Cortex 

Task 

Tower of London 

Card Sorting 

Study 

Owen, Doyon, 
et a1., 1996 

Baker et aI., 1996 

Berman et aI., 1995 
Nagahama et aI., 1996 
Rao et aI., 1997 

Goldberg et aI., 1998 
Ragland et aI., 1998 

Target Task 

3-5 move problems 
(making moves) 

2-5 move problems 
(minimum number of moves) 

Computerized WCST 
Modified CST 

Conceptual reasoning task 

Inductive Reasoning Goel et aI., 1997 

Computerized WCST 

Color slice WCST 

Inductive reasoning 

RPM 

Osherson et aI., 1998 Probabilistic (inductive) 
reasoning 

Prabhakaran et aI., 1997 (I) Figural problems 
(2) Analytic problems 

Reference Task 

Touching indicated 
screen positions 

Pressing a ball when 
indicated 

Matching-to-sample 

Matching-to-sample 

Respond to a given 
stimulus feature 

Matching-to-sample 

Rest 

Semantic sentence 
comprehension 

Language comprehension 

Match problems 
Match problems 

Frontopolar 
(BA 10) 

R 

B 
B 
R 

R 

L 

R 

R 
R 

Dorsolateral 
(BA 9/46) 

B 

B 

R 
B 

B 

B 

R 
B 

Note---CST, cart sorting task; WCST, Wisconsin CST; RPM, Raven's Progresive Matrices Test; B, bilateral; R, right; L, left. Frontopolar and dor
solateral activations reported by neuroimaging studies (PET and fMRI) of reasoning. Only studies reporting stereotaxic coordinates are included. 
Dashes indicate that no activation was observed in the corresponding region. The study reported by Goel et ai. (1998) is not included because of 
incomplete report of the stereotaxic coordinates of activation foci for the regions of interest. 

Table 2 
Stereotaxic Coordinates of the Local Maxima of Activation During Reasoning, Plotted in Figure 1 

Frontopolar Prefrontal Cortex (BA 10) Dorsolateral Prefrontal Cortex (BA 9, BA 46) 

Left Hemisphere Right Hemisphere Left Hemisphere Right Hemisphere 

Task/Study x y z Area x y z Area x y z Area x y z Area 

Tower of London 
Owen, Doyon, et aI., 1996 -39 18 32 (9) 39 35 35 (9) 
Baker et aI., 1996 28 54 .. -4 (10) -42 26 32 (9) 36 28 32 (9) 

Card Sorting Task 
Berman et aI., 1995 -32 50 8 (10) 28 48 12 (10) 40 28 20 (46) 
Nagaharna et aI., 1996 -26 54 -8 (10) 28 50 -8 (10) -42 22 32 (9) 30 24 28 (9/46) 

-32 54 12 (10) -36 2 40 (9) 
Rao et aI., 1997 38 43 19 (10/46) 
Goldberg et aI., 1998 30 58 8 (10) -46 34 28 (9/46) 26 24 32 (9) 

38 24 24 (46) 
Ragland et aI., 1998 -38 30 32 (9) 40 18 32 (9) 

Inductive Reasoning 
Goel et aI., 1997 -36 52 8 (10) 
Osherson et aI., 1998 26 40 16 (10/46) 

RPM 
Prabhakaran et aI., 1997, Exp. I 47 50 4 (10/46) 34 14 40 (9) 
Prabhakaran et aI., 1997, Exp. 2 42 49 12 (10) -35 31 20 (46) 52 12 40 (9) 

41 50 20 (10) 48 26 32 (9) 
28 52 24 (10) 

Note-The details of this table are the same as those for Table l. All reported activation sites within the two regions of interest are listed. The orig
inally reported stereotaxic coordinates were reclassified in the coordinate system of Talairach and Tournoux (1988) to determine within which 
Brodmann's area they fall. This reclassification was done in order to avoid possible inconsistencies between studies due to differences in the 
sources for Brodmann's area classification. 
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dinates from Table 2 are plotted onto a rendering of a 
standardized brain in Figure 1. 

Frontopolar activations were observed as consistently 
as dorsolateral activations for reasoning tasks. Fronto
polar activation was reported in 8 of 10 studies and dor
solateral activation was reported in 7 of the 10 studies. 
The studies that observed dorsolateral activation during 
reasoning also observed frontopolar, with two excep
tions in which only frontopolar activation was observed 
(GoeI et aI., 1997; Osherson et aI., 1998). These two 
studies, however, used rather demanding baseline condi
tions that required complex sentence comprehension and 
semantic decisions. These demanding baselines may 
have involved dorsolateral activation to the same extenl
as the reasoning tasks. 

The two studies that did not find frontopolar activa
tion were Owen, Doyon, et al. (1996) and Ragland et al. 
(1998). In the study by Owen, Doyon, et aI., this may be 
because the procedure allowed participants to approach 

the task with a strategy that minimized reasoning or com
plex planning. The study used the Tower of London task, 
in which participants are presented with two sets of col
ored balls, one in the upper half of the screen and one in 
the lower half. There are three balls in each set, and they 
are arranged in the manner of pool balls hanging in three 
pockets. The task requires rearranging the lower set of 
balls (the initial state) to match the upper set (the goal 
state). The Tower of London has been administered in 
neuroimaging studies in two different ways. One way is 
to require participants to rearrange the lower set by mov
ing the balls on a computer monitor. The second way is 
to require participants to find the minimum number of 
moves needed to arrange the lower set and press a button 
corresponding to this number, without executing the moves 
themselves. In the study by Owen, Doyon, et aI., partic
ipants responded in the first way, by executing the moves 
on the computer monitor. As noted by Baker et al. (1996) 
and Goel and Grafman (1995), although participants are 

Figure 1. Distribution offrontopolar and dorsolateral prefrontal activation sites reported in the neuroimaging studies of reasoning, 
listed in Table 2. The stereotaxic coordinates are plotted within standardized stereotaxic space. For some studies and conditions, more 
than one activation peak was reported in a given region, so the number of plotted foci exceeds the number of studies included in the 
analysis. Tower of London plotted in blue; card sorting plotted in yellow; Raven's Matrices plotted in red; inductive reasoning plot
ted in green. 
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encouraged to plan the entire sequence of moves before 
executing the first one, this procedure allows for a sim
ple trial-and-error strategy and does not necessarily re
quire considering the entire sequence of moves. In con
trast, in the study reported by Baker et aI., participants 
had to report the minimum number of moves needed to 
rearrange an initial configuration of colored balls into 
the goal configuration. The latter version ofthe Tower of 
London requires that participants plan the entire sequence 
of moves before executing a single response to indicate 
the minimum number, and it produced frontopolar acti
vation. Thus, the absence offrontopolar activation in the 
study reported by Owen, Doyon, et al. may be related to 
the relatively lower reasoning demands. 

The second study not reporting frontopolar activation 
(Ragland et aI., 1998) used the WeST, a task that in
volves matching a "target" card to one of four "reference" 
cards on the basis of one of three possible dimensions 
(number, color, or shape). The task requires participants 
to determine which one of the possible sorting dimensions 
is the correct one, something that can be done by consid
ering feedback about their accuracy, given after each re
sponse. The correct sorting principle changes in a pre
scribed way (usually every 10 trials), unbeknown to the 
participant. 

The study by Ragland et al. (1998) is the only study in 
this analysis (Table 1); it used a resting baseline-a ref
erence task that, as noted by Nagahama et at. (1996), may 
be inappropriate as a control condition for the WeST. In 
general, the use of resting baseline for the study of com
plex cognitive processing may be somewhat problematic 
because of the difficulty of controlling the participant's 
mental state. Even though participants are instructed to 
"rest" during the baseline condition, resting in the sense 
of disengaging oneself from mental activity is notoriously 
difficult to maintain. Moreover, if during the reference 
task participants engage in some form of mental activity 
similar to the processes of interest occurring during the 
target task, some of the activation regions of interest may 
be obscured. As will be discussed later in this article, dem
onstrating frontopolar activation may be particularly sen
sitive to the nature of the baseline task. 

Mental Processes Related to Frontopolar Activation: 
Evidence From Reasoning Studies 

The foregoing review of reasoning studies shows that 
both dorsolateral and frontopolar areas are frequently ac
tivated during reasoning, but it does not distinguish be
tween these two areas. This may be because in most cases 
a highly demanding reasoning task was compared to a 
much less demanding sensorimotor control task. The areas 
activated by such comparisons may reflect multiple men
tal operations, and this would make it difficult to disso
ciate the contributions of different activated regions. 
Most reasoning studies, however, provide little evidence 
about what characterizes frontopolar activation per se. 

An exception to this is the Tower of London task, which 
has been employed to vary task difficulty parametrically 

(e.g., Baker et aI., 1996; Owen, Doyon, et aI., 1996), thus 
allowing analysis of task components. On the basis of 
such analysis of task components, Baker et al. (1996) 
proposed that the frontopolar cortex is involved in se
quence selection and evaluation. Baker et al. used the 
Tower of London task and compared one condition con
sisting of "easy" problems that required only two or 
three moves for an optimal solution versus another con
dition consisting of "difficult" problems that required 
four or five minimum moves. Even though both types of 
problems involved planning and evaluation of a sequence 
of moves, the "difficult" problems required considering 
a longer sequence of moves than the "easy" problems. 
The difficult problems were found to produce signifi
cantly greater right frontopolar activation relative to the 
easy problems, although bilateral increases in dorsolateral 
activation were also observed. On the basis of evidence 
from previous studies, Baker et al. attributed the increases 
in dorsolateral activation to the increased working mem
ory requirements and proposed that the frontopolar acti
vation was reflecting the increased need for sequence se
lection and evaluation. 

There is also evidence to suggest that the frontopolar 
cortex may be involved infeedback evaluation. Feed
back evaluation is a crucial component of the WeST, 
and four of the five studies using a card sorting task re
ported activation in this region (Table 1). Tasks other 
than the WeST have also provided support for the idea 
that the frontopolar cortex is involved in feedback eval
uation. Elliott, Frith, and Dolan (1997) presented partic
ipants with a guessing task on the basis of the formal 
structure of the Tower of London task and varied whether 
or not participants received feedback after each response. 
There was frontopolar activation (x,y,z = 14, 58, -4; 
BA 10) for the feedback condition relative to the no
feedback condition. No dorsolateral activation was found 
for this comparison. 

Another mental process associated with frontopolar 
activation is hypothesis generation and evaluation-an 
important aspect of both card sorting and inductive rea
soning tasks. During card sorting, participants have to 
generate hypotheses as to what is the correct sorting rule, 
and to evaluate these hypotheses in light ofthe feedback. 
Four of the five card sorting tasks in Table 1 revealed 
frontopolar activation. 

Inductive reasoning, on the other hand, is in itself con
sidered a form of hypothesis generation and testing (Goel 
et aI., 1997). It has been studied in both the verbal and 
the vi suo spatial domain. Neuroimaging studies of ver
bal inductive reasoning have operationalized induction 
as the process of evaluating an argument's plausibility, 
given certain premises. In this case, a hypothesis about 
the argument's plausibility would have to be generated 
and evaluated in light of the information contained in the 
premises. Inductive reasoning has also been studied 
through nonverbal tasks, such as the RPM, where the 
same processes of hypothesis generation and evaluation 
need to be carried out in the vi suo spatial instead of the 
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verbal domain. Frontopolar activation was observed dur
ing performance of the RPM task across two types of prob
lems (Prabhakaran et aI., 1997). This further supports 
the possibility that this cortical region may be involved 
when hypotheses are being generated or evaluated. 

In sum, there are several mental operations that seem 
to be associated with frontopolar activation, namely se
quence selection and evaluation, feedback evaluation, and 
hypothesis generation and evaluation. These mental op
erations seem to share a common feature that can be de
scribed as evaluation of a self-generated response or plan 
for action. This can be a self-generated sequence of moves 
or a plan for it in the Tower of London; a self-generated 
response according to a sorting category in the WCST, or 
a self-generated hypothesis as to the plausibility of an ar
gument or the item that should follow next in sequence 
in the case of inductive reasoning and the RPM test. It is 
possible therefore that the frontopolar cortex is specifi
cally involved in self-referential evaluation, a process that 
is critical when nonroutine cognitive strategies have to 
be generated and selected in the context of novel tasks or 
activities. 

If self-referential evaluation and introspective thought 
in general are processes that characterize the role of the 
frontopolar cortex, this cortical region should play an im
portant role not only in reasoning, but also in other cog
nitive domains requiring introspectively based decisions. 

Frontopolar Activations in 
Tasks Other Than Reasoning 

Apart from reasoning, activation of the frontopolar cor
tex has been observed in a number offunctional imaging 
studies employing various cognitive paradigms, such as 
self-ordered tasks (Owen, Evans, et aI., 1996; Petrides, 
Alivisatos, Meyer, & Evans, 1993), semantic monitoring 
tasks (MacLeod, Buckner, Miezin, Petersen, & Raichle, 
1998), self-relevant tasks (Stone, Seger, Prabhakaran, 
Gabrieli, & Glover, 1998), cognitive branching tasks 
(Koechlin et aI., 1999), and working memory tasks (Cohen 
et aI., 1994; Grasby et aI., 1993; Jonides et aI., 1997; 
Rypma, Prabhakaran, Desmond, Glover, & Gabrieli, 
1999; E. E. Smith, Jonides, & Koeppe, 1996). As a more 
detailed examination reveals, it is likely that these tasks, 
under the conditions in which they were presented, in
volved some form of self-referential evaluation. Self
ordered tasks usually involve a sequence of responses, 
where each response can be executed only after the pre
viously executed responses are taken into consideration. 
Thus, Petrides et aI. (1993) used a task that required par
ticipants to say aloud in random order the numbers I 
through 10 without repeating themselves; this produced 
activation in left frontopolar cortex (x,y,z = -35,42,22; 
BA 10/46). Owen, Evans, and Petrides (1996) used another 
self-ordered task that produced activation in the right 
frontopolar cortex (x,y,z = 34, 51,6; BA 10). In this case 
participants touched 8 or 12 circles in a random sequence 
until one of them changed color. In each trial participants 
had to avoid the circles that had changed their color on 

previous trials. Both tasks seem to require that partici
pants evaluate each response in light of the previous re
sponses that they themselves have previously executed. 

Semantic monitoring tasks, on the other hand, should 
not necessarily require self-referential evaluation. How
ever, the specific task used by MacLeod et aI. (1998) re
quired not only classifying individual words according 
to a prespecified semantic category but also monitoring 
the frequency of words that belonged to this category and 
making an estimate of this frequency for each block. When 
this conjoint semantic monitoring and target frequency 
estimation condition was compared with a passive word 
viewing control task, right frontopolar cortex was found 
to be activated (x,y,z = 25,61,6; BA 10). In three ofthe 
five conditions employed by MacLeod et aI., participants 
had to give a gross estimate (i.e., a percentage) ofthe tar
get frequency, which makes the task bear a striking re
semblance to the previously described inductive reasoning 
tasks, where a hypothesis about the probability of a state
ment has to be formulated and evaluated. Indeed, relative 
frequency is considered to be the principal source of in
formation about probability (Gigerenzer & Murray, 1987). 
Therefore, it is possible that the generation and evalua
tion of a target frequency estimate, rather than semantic 
classification, was the mental operation responsible for 
frontopolar cortex activation. 

Yet another process, that of cognitive branching, was in
terpreted as responsible for the bilateral frontopolar acti
vation(x,y,z = 36,66,21; BA 10andx,y,z = -36,57,9; 
BA 10) reported by Koechlin et aI. (1999). Cognitive 
branching refers to the process of allocating attentional 
resources when attention has to be alternated between two 
concurrently ongoing activities. The cognitive branching 
condition employed by Koechlin et aI., consisted of pre
senting participants with alternating blocks of uppercase 
and lowercase letters. As upper- and lowercase blocks al
ternated, participants had to alternate between two dif
ferent sets of goals, making a judgment for each presented 
letter. During a lowercase block, the judgment for the 
first letter in the block was whether or not it was "t," and 
for subsequent letters in the block whether the current let
ter and the one presented prior to it were in immediate 
succession in the word tablet. On the other hand, during 
an uppercase block, the judgment for the first letter was 
whether or not it was the same as the last letter in the pre
viously presented uppercase block. For subsequently pre
sented letters in uppercase blocks, the judgment was iden
tical to the one for lowercase blocks-whether or not the 
two letters were in immediate succession in the word 
tablet. Thus, in order to perform the task, participants had 
to keep in mind the first set of goals while acting on the 
second, after which they had to shift to keeping in mind 
the second set, while acting on the first, and so forth. It 
is difficult to precisely analyze the component processes 
in such a demanding situation, but it is possible that in a 
sequence where two sets of goals alternate in a regular 
fashion, such as the one used in this study, keeping track 
of which set of goals is currently to be followed involves 
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considering one's own responses to the block of items 
immediately preceding the current block. Therefore, it is 
plausible that the task employed by Koechlin et aI. in
volved internally oriented processes. 

Another domain in which tasks have sometimes elic
ited frontopolar activation is working memory. A task 
that has been used widely in the working memory liter
ature is the n-back task, during which participants are 
presented with a series of items, each appearing one at a 
time, followed by the next item in the series. The task is 
to press a button when the item that is being presented at 
the moment is the same as the one presented a certain 
number (n) of items earlier. For instance, in a I-back task, 
a button has to be pressed if the item is the same as the 
one presented immediately prior to it, whereas in a 2-back 
task, it has to match the item presented before the last 
previously presented item, and so on. Using the n-back 
task, Jonides et aI. (1997) found right frontopolar acti
vation for a 2-back condition (x,y,z = -42, 50, 22; BA 10) 
and bilateral frontopolar activation in a 3-back condition 
(x,y,z = -39,44, 18; BA 10; and x,y,z = 37, 48, 18; 
BA 10). Using the same n-back task in a 2-back condition, 
Cohen et aI. (1994) observed bilateral frontopolar acti
vation for verbal items such as letters (x,y,z = -29,38, 
20; BA 10/46; andx,y,z = 31,42,22; BA 10/46), as well 
as spatial items such as locations (x,y,z = -26,49, 11; 
BA 10; andx,y,z = 34,53,10; BA 10). Similarly, using a 
3-back condition, E. E. Smith et aI. (1996) found left
lateralized frontopolar activation for both letter items 
(x,y,z = -37,55,2; BA 10) and location items (x,y,z = 
-33,44,20; BA 10). 

U sing a different working memory task, Grasby et aI. 
(1993) found bilateral frontopolar activation in a supra
span relative to a subspan condition (x,y,z = -34, 46, 
0; BA 10; andx,y,z = 24,52,0; BA 10). The supraspan 
condition required the free recall of a list of 15 words im
mediately after they were presented, whereas the sub
span condition involved free recall oflists offive words. 
Yet another working memory task, based on a simulta
neous item-recognition task developed by Sternberg 
(1966), was used in a study by Rypma et aI. (1999) and 
bilateral frontopolar activation was reported for a 6-letter 
condition in comparison to a I-letter condition (x,y,z = 
-27,53,1; BA 10; andx,y,z = 25,53,1; BA 10). 

In general, working memory conditions that activate 
frontopolar cortex involve maintenance of working mem
ory load approaching or exceeding the average short-term 
memory span: Tasks such as 2- or 3-back, or keeping in 
mind 15 words or six unrelated letters, are usually con
sidered to be around or above span limit. One possible 
explanation is that as the number of maintained items ap
proaches or exceeds this limit, there appears a need to 
strategically organize the process of maintenance. The 
observed frontopolar activations could be related to this 
additional process of maintenance organization, which 
may involve processing of internally generated informa
tion (such as particular groupings of the items into 
chunks). Another possible explanation is that prefrontal 

cortex activation, including activation offrontopolar cor
tex, is observed whenever there is an increase in task dif
ficulty. The issue of task difficulty and its relation to 
frontopolar activation will be discussed in greater detail 
later in this article. 

ROSTROCAUDAL PREFRONTAL 
CORTEX DIFFERENCES: 

A HIERARCHICAL DISTINCTION 

There is evidence that the dorsolateral prefrontal cor
tex is specifically involved during the processes of ma
nipulation and monitoring of information within work
ing memory. It represents the second stage of processing 
in the two-stage model of working memory proposed by 
Petrides (1994, 1995) and Owen, Evans, and Petrides 
(1996). This model is based on a hierarchical notion and 
it contrasts the dorsolateral to the ventrolateral prefrontal 
cortex. It holds that while only the ventrolateral region is 
needed for active retrieval and reproduction of one, or a 
few, pieces of stored information, both the ventrolateral 
and the dorsolateral regions are needed when monitoring 
or manipulation of information within working memory 
is required (Owen, 1997; Owen, Evans, & Petrides, 1996; 
Owen et aI., 1999). Such a distinction between the pro
cesses of maintenance, on the one hand, and the additional 
processes of manipulation and monitoring, on the other 
hand, is also evident in a recent review of neuroimaging 
studies of verbal and spatial working memory by D'Es
posito et aI. (1998). 

However, many tasks involving manipulation and mon
itoring have been shown to produce activation not only 
in the dorsolateral but also in the frontopolar cortex. This 
suggests that the frontopolar cortex may also be involved 
during these processes. It is, however, possible that these 
two areas of the cortex are involved in different types of 
manipulation and monitoring. The type of monitoring 
and manipulation within working memory associated 
with dorsolateral prefrontal cortex activation has, in the 
majority of working memory studies, involved monitor
ing and manipulation of externally generated information, 
such as letters or locations. On the other hand, the evidence 
that the frontopolar cortex is specifically involved in the 
process of evaluation of self-generated responses or plans 
for action suggests that the frontopolar cortex may be 
needed in addition to the dorsolateral when the task re
quires monitoring and manipulation of information that 
has been internally generated. In this sense, the fronto
polar region can be viewed as subserving an additional, 
third level of executive processing within the human pre
frontal cortex (Figure 2). Therefore, we hypothesize a 
rostrocaudal distinction within the prefrontal cortex, 
involving the dorsolateral and frontopolar prefrontal re
gions, and distinguishing between active processing per
formed on information that has been externally generated 
versus processing performed on information that has been 
self-generated (Figure 2, Stages II and III). This distinction 
is hierarchical in both anatomical and functional terms: 
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Frontopolar PFC 
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I externally generated Information 
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Figure 2. Hierarchical organization of prefrontal function: A three
stage model. The top half of the figure presents a schematic drawing of 
the lateral surface ofthe human brain and indicates the location ofthe 
frontopolar cortex (the lateral surface of area 10), the dorsolateral pre
frontal cortex (areas 9, 46, and 9/46), and the ventrolateral prefrontal 
cortex (areas 45, and 47/12). The locations of the dorsolateral and ven
trolateral regions are in accordance with those proposed by Petrides and 
Pandya (1994). The bottom half of the figure illustrates the proposed hi
erarchy of processing stages. The different stages are marked by Roman 
numerals and the arrows indicate the prefrontal regions proposed to be 
involved in the corresponding stage. This three-stage model can be re
garded as an extension of the two-stage model of prefrontal function 
proposed by Petrides (1994, 1995) and Owen, Evans, and Petrides 
(1996). BA, Brodmann's area; PFC, prefrontal cortex; ifg, inferior 
frontal gyrus; mfg, middle frontal gyrus; sfg, superior frontal gyrus. 

The dorsolateral prefrontal cortex may be sufficient for 
the processing of externally generated information, but 
both frontopolar and dorsolateral cortex are needed when 
self-generated information is being processed. 

Distribution Analysis of Neuroimaging Studies 
of Episodic Retrieval 

In an attempt to examine the generality of rostrocaudal 
prefrontal cortex differences, we next turn to functional 
neuroimaging results reported in episodic memory re
trieval. Episodic retrieval studies have revealed consistent 
activations in both frontopolar and dorsolateral pre
frontal cortex, but they have failed to discover what dis
tinguishes activations in these two prefrontal regions 
(Henson, Shall ice, & Dolan, 1999; Wagner, Desmond, 
Glover, & Gabrieli, 1998). Nonetheless, the frontopolar 
and the dorsolateral cortex may subserve distinct func
tions during episodic retrieval and there is some evidence 
as to what these functions may be: Activation in the dor-

solateral prefrontal cortex has been found to be specifi
cally associated with monitoring processes during epi
sodic retrieval (Henson et aI., 1999; Shall ice et aI., 
1994); the role of the frontopolar cortex has been some
what more controversial but, importantly, one of the 
leading hypotheses has been that it is associated with a 
postretrieval evaluation of the self-generated products of 
the retrieval process (Johnson, Kounios, & Nolde, 1996; 
Shallice et aI., 1994). 

Types of episodic retrieval tests. The studies in the fol
lowing review were classified according to the type of 
episodic retrieval procedure they used. Episodic retrieval 
tests can be divided into two groups according to the de
gree to which the memory judgment requires evaluation 
of self-generated information. We expected that, on the 
average, tests in which participants have to evaluate self
generated information would be more likely to have re
sulted in frontopolar activation than when no such intro
spectively directed evaluation was required. 
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Tests classified as requiring minimal evaluation of self
generated information included simple episodic recogni
tion procedures, either forced-choice or yes-no recogni
tion. Forced-choice recognition involves indicating which 
one of two simultaneously presented items (one old and 
one new) has been previously presented during the ac
quisition phase; yes-no recognition involves sequential 
categorization of individual test items as either old or new. 
In both cases, successful performance on recognition tests 
is based on evaluating externally generated information
whether an item has been presented previously or not. It 
should be noted, however, that even though evaluating 
self-generated information was not required by the tasks 
in this group, the possibility that it can occasionally oc
cur cannot be excluded. Indeed, this possibility is espe
cially marked in the sequential yes-no recognition pro
cedure, which may involve setting a criterion for evaluating 
memory characteristics evoked by test items, which would 
in its own tum require retrieval and evaluation of previ
ous self-generated responses (Nolde et aI., 1998). How
ever, regardless of the possibility that it can occasionally 
occur, the evaluation of self-generated information is min
imally required by these test procedures. 

On the other hand, tests classified as requiring more 
evaluation of self-generated information included cued 
recall, free recall, and complex recognition procedures 
such as counting of oddball items within a block. None 
of these tests can be performed by evaluating externally 
generated information. In all cases, people must evaluate 
the information they have self-generated (or retrieved) 
in response to some sort of cue or instruction. Cued recall 
typically involves not only the generation but also the eval
uation of self-generated answers (Nolde et aI., 1998). 
During cued recall, participants are presented with cues 
to help them remember specific items learned during ac
quisition. Atceording to the type of cued recall used, these 
cues can be word stems, word fragments, or one of a pair 
of associated words (word associates). Participants need 
to recall the acquisition word with which the stem or frag
ment can be completed, or which was associated with the 
word presented as a cue. Typically, each of the cues can 
be associated with not only studied but also nonstudied 
words, and therefore participants may generate more than 
one solution before attributing one to the acquisition task 
(Nolde et aI., 1998). Thus, cued recall appears to require 
evaluation of information generated by the participants 
themselves. Similarly, free recall tasks are generally 
thought to require self-initiated cuing and selection among 
possible candidate responses, and would also be likely to 
involve evaluation of self-generated information. Count
ing the number of oddball items within a block, on the 
other hand, even though formally classified as a recog
nition procedure, presents participants with the dual task 
of having to categorize each item and keep track of the 
number of items in the oddball category. This type of pro
cedure most likely requires some complex cognitive pro
cesses similar to those previously discussed for cognitive 

branching and probability estimation, and is therefore 
likely to involve evaluation of self-generated information. 

The studies included in each of the two groups are listed 
in Table 3. The local maxima of activation reported by the 
studies are listed in Table 4 and are plotted onto a ren
dering of a standardized brain in Figure 3. The studies 
were divided into two groups: (1) those that used tests 
requiring evaluation of externally generated information 
and (2) those that used tests requiring evaluation of in
ternally generated information. 

While only half of the recognition studies (5 out ofl0) 
reported frontopolar activation, nearly all of the other 
studies (13 out of 15) reported significant activation foci 
in this region of the cortex. This difference was statisti
cally significant [X2(1, N = 25) = 4.001,p < .05]. Seven 
ofthe 10 recognition studies and 11 of the other 15 stud
ies revealed dorsolateral activation. 

To test the difference between the two groups of foci, 
a multivariate statistical test using Hotelling's T2 statis
tic was employed, comparing the foci in thex,y, andz di
mensions. The two groups differed significantly in dis
tribution, and this difference held in both hemispheres: 
T2 = 10.84 [F(2,11) = 4.97, p < .05] in the left hemi
sphere and T2 = 7.60 [F(2,32) = 3.69, p < .05] in the 
right hemisphere. These results suggest a hierarchical 
distinction between the dorsolateral and the frontopolar 
cortex: The dorsolateral cortex appears to be involved in 
both types of evaluative processes, whereas the fronto
polar cortex is activated much more consistently by tasks 
requiring evaluation of self-generated information. 

From the five studies that observed frontopolar acti
vation in the group requiring minimal evaluation of self
generated information, four used a sequential yes-no rec
ognition procedure (Buckner, Koutstaal, Schacter, Wagner, 
& Rosen, 1998; Rugg, Fletcher, Frith, Frackowiak, & 
Dolan, 1996, 1997; Wagner et aI., 1998). This procedure 
can sometimes, although not necessarily, involve self
evaluative processes related to criterion setting. In addi
tion, two of these four studies (Rugg et aI., 1997; Wagner 
et aI., 1998) employed an encoding manipulation ("deep" 
vs. "shallow") that may have further contributed to in
creased self-evaluative demands. The encoding manipu
lation aimed at varying the probability that studied items 
would be remembered. The "shallow" encoding condition 
employed a superficial encoding task, thus creating con
ditions of increased uncertainty and, possibly, the need 
for response evaluation. Indeed, Rugg et al. (1997) ob
served frontopolar activation for the episodic recognition 
of the words from the "shallow" encoding condition only, 
and not for the ones from the "deep" encoding condition. 

On the other hand, 13 of the 15 studies using tests 
classified as requiring the evaluation of self-generated 
information reported frontopolar activation. Two studies 
did not observe frontopolar activation (Fletcher, Shal
lice, Frith, Frackowiak, & Dolan, 1998; Petrides, Alivi
satos, & Evans, 1995). In both cases the procedure used 
was cued recall of paired associates. In one ofthe studies, 



Task 

Recognition 
Forced Choice 

Yes-No 

Cued Recall 
Stem or Fragment 
Completion 

Paired Associates 

Free Recall 
(Items or Episodic) 
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Table 3 
Episodic Memory Retrieval and Rostrocaudal Prefrontal Cortex Differences 

Study Target Task Reference Task Frontopolar (BA I 0) Dorsolateral (BA9/46) 

Test Requiring Evaluation of Externally Generated Information 

Moscovitch et aI., 1995 

Haxby et aI., 1996 

Andreasen et aI., 1995 
Buckner et aI., 1998 
Nyberg et aI., 1995 
Rugg et aI., 1996 

Rugg et aI., 1997 
Rugg et aI., 1998 
Wagner et aI., 1998 

Henson et aI., 1999 

Object and spatial 
recognition 

Face recognition 

Word recognition 
Word recognition 
Word recognition 
Word recognition 

Word recognition 
Word recognition 
Word recognition 

(zero density) 
Word recognition 

Perceptual matching 

Face matching 

Word reading 
Fixation 
Word reading 
"XXX" and "000" 

discrimination 
Semantic judgment 
Word reading 
Word reading 

"WORDI" and "WORD2" 
discrimination 

Tests Requiring Evaluation of Internally Generated Information 

Buckner et aI., 1995 
Blaxton et aI., 1996 

Backman et aI., 1997 
Rugg et aI., 1998 

Schacter, Alpert. 

et aI., 1996 

Fletcher et al.. 1995 

Petrides et al.. 1995 

Blaxton et aI., 1996 

Buckner et aI., 1996 

Fletcher et aI., 1998 

Petrides et al.. 1995 
Fletcher et aI., 1998 

Stem completion 
Episodic fragment 

completion 
Stem completion 
Stem completion 

(zero density) 
Stem completion 

Cued recall of 
paired associates 

Cued recall of 
paired associates 

Cued recall of 
paired associates 

Cued recall of 
paired associates 

Word generation 
Semantic fragment 

completion 
Word generation 
Word generation 

Word generation 

Semantic word 
generation 

Word repetition 

Semantic word 
generation 

Word repetition 

Cued recall of Word repetition 
paired associates 

Free recall 
Free recall 

Word repetition 
Word repetition 

R 

R 

B 

R 

B 

R 
B 

B 
B 

B 

R 

B 

R 

L 
R 

R 

R 
B 

R 

B 

R 

B 

R 
R 

R 

R 

B 

R 

R 

R 

Counting Oddballs Tulving et aI., 1994 Count oddball (new) Count oddball (old) R R 
(During Recognition) sentences sentences 

Tulving et aI., 1996 Count oddball (new) Count oddball (old) B B 
sentences sentences 

Wagner et aI., 1998 Respond to oddball Respond to oddball R R 
(new) words (old) words 

Note-B, bilateral; R, right; L, left. Frontopolar and dorsolateral activations reported by neuroimaging studies (PET and fMRI) of episodic mem
ory retrieval. Only studies reporting stereotaxic coordinates are included. Dashes indicate that no activation was observed in the corresponding re
gion. The tasks requiring evaluation of externally presented information only (top half of table) are proposed to activate only the dorsolateral pre
frontal cortex, whereas the tasks requiring (in addition) evaluation of self-generated information (bottom half) are proposed to activate both the 
frontopolar and the dorsolateral prefrontal cortex. Studies that reported two or more experiments using different episodic retrieval tests (e.g., 
Fletcher et aI., 1998) are listed in each of the task categories, accordingly. Studies that used the same type of retrieval test but varied material type 
or encoding conditions (e.g., Moscovitch et aI., 1995; Rugg et aI., 1997; Wagner et aI., 1998) are listed only once, in the appropriate task category, 
after collapsing across the different conditions. The study by Cabeza et aI., (1997) is not included because the reference task involved episodic 
memory encoding. The study by Kapur et al. (1995) is not included because the episodic memory condition involved not only retrieval but also 
encoding operations. In those cases where the same data were reported more than once, the most complete report is referenced. 

Petrides et al. (1995), only five pairs of paired associates 
were used and they were rehearsed during the learning 
phase until participants achieved 100% accuracy. Thus, 
the episodic retrieval was automatized and the need for 
selection among different response alternatives, along with 
the need for evaluation of self-generated information, 
may have been minimal. 

DISCUSSION 

The review of reasoning, episodic retrieval, and other 
studies presented here provides evidence that the fronto
polar cortex may be specifically involved in complex cog
nitive activities that require evaluation of self-generated 
information. Frontopolar cortex is nearly ubiquitously 
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Table 4 
Stereotaxic Coordinates of the Local Maxima of Activation During Episodic Retrieval 

Frontopolar Prefrontal Cortex (BA 10) Dorsolateral Prefrontal Cortex (BA 9, BA 46) 

Left Hemisphere Right Hemisphere Left Hemisphere Right Hemisphere 

Task/Study x y z Area x y z Area x y z Area x y z Area 

Tests Requiring Evaluation of Externally Generated Information 
Recognition 

Forced Choice 
Moscovitch et aI., 1995 40 24 24 (9/46) 
Haxby et aI., 1996 34 54 4 (10) 

Yes-No 
Andreasen et aI., 1995 30 44 10 (46) 
Buckner et aI., 1998 37 59 12 (10) -50 22 34 (9) 46 34 31 (9) 
Nyberg et aI., 1995 
Rugg et aI., 1996 -32 52 0 (10) 40 50 8 (10) 38 40 20 (46) 
Rugg et aI., 1997 24 50 8 (10) -42 28 32 (9) 42 36 28 (9/46) 
Rugg et aI., 1998 
Wagner et aI., 1998 -43 49 (10) 32 56 2 (10) 46 35 19 (9/46) 
Henson et aI., 1999 

-51 24 30 (9) 48 27 24 (46) 

Tests Requiring Evaluation of Internally Generated Information 
Cued recall 

Stem or Fragment Completetion 
Buckner et aI., 1995 32 50 6 (10) 30 29 34 (9) 
Blaxton et aI., 1996 -18 56 16 (10) 22 52 0 (10) 36 22 24 (46) 
Backman et aI., 1997 -38 58 -4 (10) 37 64 -9 (10) 
Rugg et aI., 1998 -22 46 10 (10) 36 50 4 (10) 
Schacter, Alpert, et aI., 1996 -35 54 8 (10) 30 46 8 (10) 12 47 28 (9) 

Paired Associates 
Fletcher et aI., 1995 30 42 24 (10) 
Petrides et aI., 1995 48 30 35 (9) 
Blaxton et aI., 1996 -30 58 4 (10) 22 58 0 (10) -36 30 32 (9) 38 30 32 (9) 
Buckner et aI., 1996 29 47 14 (10) 41 21 26 (9/46) 
Fletcher et aI., 1998 38 38 24 (9/46) 

Free recall 
Petrides et aI., 1995 -40 49 26 (10/46) 43 32 38 (9) 
Fletcher et aI., 1998 36 44 24 (10/46) 

Counting Oddballs (During Recognition) 
Tulving et aI., 1994 30 50 0 (10) 32 44 12 (46) 
Tulving et aI., 1996 -28 52 8 (10) 22 52 20 (10) -38 24 28 (9/46) 32 36 16 (46) 
Wagner et aI., 1998 20 63 -9 (10) 37 35 35 (9) 

Note-The details of this table are the same as those for Table 3. For studies that reported more than one activation site within the same region, a 
representative location for this area was selected. The originally reported stereotaxic coordinates were reclassified in the coordinate system ofTa-
lairach and Tournoux (\988) to determine within which Brodmann's area they fall. This reclassification was done in order to avoid possible in-
consistencies between studies due to differences in the sources for Brodmann's area classification. 

activated by complex reasoning tasks, and the few ex
ceptions may be interpreted in terms of specific experi
mental details. All complex reasoning tasks demand the 
evaluation of self-generated information. The review of 
episodic retrieval studies suggested that retrieval tests 
that require only evaluation of externally generated in
formation are not likely to activate the frontopolar cortex, 
whereas tasks that pose an additional requirement for eval
uation of self-generated information almost invariably 
produce activation in this region. This provides evidence 
for a hierarchical distinction between the frontopolar re
gion and the more posteriorly located dorsolateral pre
frontal cortex. Both types of evaluation are likely to pro
duce dorsolateral prefrontal cortex activation. Therefore, 
the proposed rostrocaudal prefrontal cortex distinction 
should not be taken to imply a double dissociation. Instead, 

it should be taken to suggest a hierarchical organization 
in which the frontopolar cortex is necessary, although 
not sufficient, in order for the most complex stages of pro
cessing to be carried out (Figure 2). Thus, not only the 
frontopolar cortex but also the dorsolateral (and proba
bly other posterior regions) would be needed for the eval
uation of self-generated information. Such hierarchical 
models of information processing are common in sensory 
and motor systems. Here, we propose such a hierarchical 
model for prefrontal mediation of thought. 

Lesion Studies and Deficits 
in Self-Referential Evaluation 

Patients with frontal lobe lesions are often impaired 
on the tasks discussed above as involving self-referential 
evaluation. Thus, frontal lobe patients exhibit deficits on 
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Figure 3. Distribution of frontopolar and dorsolateral prefrontal activation sites reported in the neuroimaging studies of episodic 
memory retrieval, listed in Table 4. The stereotaxic coordinates are plotted within standardized stereotaxic space. The dorsolateral 
and frontopolar activation sites reported by studies classified as requiring evaluation of externally generated information are plotted 
in blue. The frontopolar activation sites reported by studies classified as requiring evaluation of internally generated information are 
plotted in red; the dorsolateral activation sites reported in this group are plotted in yellow. 

all of the previously reviewed reasoning tasks, including 
the Tower of London (Norman & Shallice, 1986; Owen, 
Downes, Sahakian, Polkey, & Robbins, 1990; Shall ice, 
1982), the WCST (Milner, 1963, 1964; Robinson, Heaton, 
Lehman, & Stilson, 1980), and inductive inference tasks 
such as judging frequencies (Milner, Petrides, & Smith, 
1985; M L. Smith & Milner, 1988) and cognitive esti
mation (Shallice & Evans, 1978; Vilkki & Holst, 1991). 
Importantly, these studies have included frontal lesions 
that in many cases involved the frontopolar area. Other 
findings suggesting impaired self-evaluation after frontal 
lobe damage abound, including the lack of behavioral re
straint frequently observed after frontal lobe damage 
(Miller, 1985), increased impulsivity (Miller, 1992), uti
lization behavior (Shallice, Burgess, Schon, & Baxter, 
1989), and inability to monitor the effectiveness of self
generated plans (Luria, 1973). All of these different im-

pairments can be attributed to a general deficit in evalu
ating self-generated information. 

In addition to reasoning, frontal lobe pathology seems 
to be associated with a specific pattern of memory dys
function. Importantly, there is impairment in memory 
performance on free recall tests (della Rocchetta, 1986; 
Janowsky, Shimamura, & Squire, 1989; Jetter, Poser, Free
man, & Markowitsch, 1986), although when the same 
material is tested in recognition procedures, performance 
is relatively preserved (e.g., Stuss, Eskes, & Foster, 1994; 
for review, see Wheeler, Stuss, & Tulving, 1995). Free 
recall was classified above as likely to require evaluation 
of self-generated retrieval strategies and retrieval out
comes. Consistent with this, the deficit on free recall in 
frontal lobe patients is generally interpreted as impair
ment in the subjective organization that aids recall (Gersh
berg & Shimamura, 1995). One instantiation of this free 
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recall impairment is the frequently observed confabula
tion and faulty retrieval of remote memories in patients 
with frontal lobe damage (Baddeley & Wilson, 1986; 
Moscovitch, 1989; Stuss, Alexander, Lieberman, & Le
vine, 1978; Stuss & Benson, 1986). Confabulation is also 
interpreted as a deficit in retrieval strategy and the eval
uation of the search outcome (Baddeley & Wilson, 1986, 
1988; Burgess & Shallice, 1996; Moscovitch, 1989; Squire 
& Cohen, 1982). In addition, the performance of pre
frontal patients is also impaired on the previously dis
cussed self-ordered working memory tasks (Milner et aI., 
1985; Petrides & Milner, 1982), for which the ability to 
generate and evaluate self-generated strategies is critical. 

In addition, frontal lobe patients exhibit a specific and 
limited deficit on some particular episodic memory tests 
such as source memory (Janowsky et aI., 1989) and re
cency judgments (Milner, Corsi, & Leonard, 1991) where, 
similarly to free recall, self-generated memories must be 
evaluated, manipulated, or transformed. Patients with 
frontal lobe lesions also exhibit a propensity to make 
false alarms or, in other words, to endorse foil or baseline 
items as having been seen before (Schacter, Curran, Gal
luccio, Milberg, & Bates, 1996). This may be related to 
the previously mentioned processes of criterion setting 
and could be interpreted as a failure to evaluate and ad
just the self-generated criterion used to distinguish be
tween studied items and other items that bear similarity 
to the studied items. 

Unfortunately, in the majority of clinical cases there is 
a lack of detailed knowledge about the lesions, and even 
when their extent is known, it rarely follows precisely func
tional or architectonic borders. This, in addition to the 
need to average across patients with sometimes very dif
ferent lesion locations, can greatly reduce the ability to 
make subregional inferences. However, at least one le
sion study has provided evidence consistent with the ros
trocaudal prefrontal distinction proposed here. Vilkki and 
Holst (1991) used a digit symbol test to assess the abil
ity to achieve a self-selected goal defined as the number 
of symbols the patients estimated would be achieved in 
1 min or less. Patients with anterior prefrontal lesions were 
found to be more impaired than patients with posterior 
prefrontal lesions in estimating achievable goals-a pro
cess relying extensively on self-referential evaluation. 

Relation Between Neuroimaging 
and Patient Findings 

The following parallel can be drawn between the brain 
lesion and functional neuroimaging results discussed so 
far: Patients with prefrontal lesions appear to be impaired 
on tasks, such as free recall, that are usually associated 
with frontopolar activation (in addition to dorsolateral). 
On the other hand, they exhibit only mild or no impair
ment on tasks such as recognition, which tend to produce 
dorsolateral (but no frontopolar) activation in healthy 
controls. This may at first appear somewhat surprising 
because it seems as if the dorsolateral cortex is not nec
essary for performance in neuropsychological studies of 

brain-lesioned patients, even though it is consistently re
cruited by the same tasks in neuroimaging studies of 
healthy people. In principle, there is a possibility that at 
least some of the activation observed in neuroimaging 
studies is epiphenomenal and that damage to a consis
tently activated region may have little or no effect on per
formance. There are, however, at least two other possible 
explanations, consistent with a hierarchical rostrocaudal 
prefrontal organization. First, for statistical reasons, a 
group of mixed prefrontal lesions is likely to include 
more patients with lesions in either one of these two re
gions than patients with lesions in only one of them
the dorsolateral. For tasks requiring both regions, lesions 
extending over either one of the two regions would pro
duce deficits, whereas for tasks requiring only dorsolat
eral cortex, only a subset of these lesions-the ones ex
tending over the dorsolateral region-would produce 
deficits. Therefore, on the average, the group would show 
a stronger deficit for tasks requiring both regions than 
for tasks requiring only dorsolateral cortex. 

This alone, however, may not be sufficient to account 
for the normal performance of prefrontal groups on tasks 
that involve dorsolateral activation. In view of the hier
archical relationship between the two regions, it is con
ceivable that task processes usually associated specifi
cally with dorsolateral prefrontal cortex activation may 
also be subserved by the frontopolar cortex, which, al
though normally not recruited, may take over some of 
the functions of the dorsolateral prefrontal cortex when 
the latter is lesioned. In such a case, only the patients with 
lesions extending over both the dorsolateral and the fron
topolar cortex would be impaired, which would greatly 
reduce the probability that the group on the average will 
exhibit a deficit. However, whether the frontopolar cor
tex in patients with dorsolateral lesions can indeed assume 
functions typically subserved by the dorsolateral cortex 
remains to be determined by future neuroimaging stud
ies of patient populations. In any case, it is striking that the 
deficits seen in patients with frontal lesions are more 
closely linked to frontopolar than dorsolateral activations 
in healthy people. 

Demonstrating Frontopolar Activation: 
Some Methodological Issues 

Detectability of frontopolar activation. There are 
several issues related to the ability to detect frontopolar 
cortex activation using functional neuroimaging tech
niques such as position emission tomography (PET) and 
functional magnetic resonance imaging (fMRI). One 
issue, specific to the fMRI method of signal registration, 
is the use of a surface headcoil positioned around the 
participant's head. Different headcoils can vary in the ex
tent to which they cover the head surface in an anterior 
direction. Because only a full coverage ofthe anterior-most 
part ofthe head would allow reliable detection offronto
polar signal, the use of headcoils that do not completely 
cover the full extent of the head may substantially reduce 
the ability to detect frontopolar activation in some stud-
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ies. In addition, the blood oxygenation level-dependent 
(BOLD) signal measured by fMRI techniques can be se
verely altered by macroscopic susceptibility artifacts 
arising at brain tissue boundaries. Such artifacts can at
tenuate the activation signal, leading to "blind spots" in 
some regions of brain adjacent to bone and air sinuses 
(Ojemann et aI., 1997). This effect can produce a signif
icant artifact in prefrontal cortex because of the suscep
tibility differences between the ethmoidal air cells and 
brain tissue, resulting in partial or complete signal extinc
tion from the orbitofrontal cortex and the frontal poles. 
Signal loss, its extent, and the associated geometric dis
tortions can be influenced by slice orientation and the 
chosen phase-encode direction (Mottaghy et aI., 1999j. 
Such artifacts are especially pronounced when axial slice 
orientation and echo-planar imaging are employed (Oje
mann et aI., 1997) and may reduce the ability to reliably 
detect frontopolar activation. 

Another issue, common to both PET and fMRI, is the 
regional variability of signal intensity. It is known that 
there are differences in oxidative metabolism and re
gional microvascular anatomy between different brain 
regions (see, e.g., Lierse, 1963; Perlmutter, Powers, Hers
covitch, Fox, & Raichle, 1987), as well as regional dif
ferences in the magnitude of activation-induced BOLD 
signal (Kastrup, KrUger, Glover, Neumann-Haefelin, & 
Moseley, 1999). Although these studies have concen
trated on comparing large-scale brain areas, it is possible 
that there are also differences between subregions within 
the frontal cortex that are influencing the relative strength 
of signal. More detailed analyses comparing different 
prefrontal subregions are needed in order to determine the 
specific differences in regional vasculature and the in
fluence of such differences on the detectability of signal 
changes within different prefrontal subregions. 

The choice of a baseline condition. Even though tech
nical issues related to signal registration undoubtedly in
fluence the detectability of frontopolar activation, the 
primary factors responsible for such activation are pre
sumed to be related to the specifics of the experimental 
procedure. Importantly, the presence or absence offron
topolar activation would be determined not only by the 
choice of an experimental task, but also by the choice of 
a baseline condition. As noted, the use of a resting base
line condition for the study of complex cognitive processes 
can be problematic because it leaves open the possibility 
that participants engage in some form of mental activity. 
During a resting baseline condition participants are not 
exposed to any externally generated information, so it is 
likely that such mental activity, if it occurs, would be ori
ented toward the participants' own internal mental states. 
For instance, participants may evaluate their own perfor
mance on the experimental task or engage in some other 
mental activity performed on information that has been 
internally generated. Therefore, a resting baseline may 
be particularly detrimental to demonstrating frontopolar 
cortex activation because, as suggested by the review of 
literature here, the frontopolar cortex may be specifically 

involved in such processes performed on internally gen
erated information. 

Indeed, there are several examples from studies re
ported in the neuroimaging literature that support the 
view that the frontopolar cortex may be activated by un
controlled mental processes occurring during rest con
ditions. Buckner, Raichle, Miezin, and Petersen (1996) 
used two reference tasks-a word repetition baseline and 
a resting baseline with eyes open. The target task of cued 
recall of paired associates yielded right frontopolar acti
vation (x,y,z = 29, 47, 14; BA 10) when it was com
pared with the word repetition baseline but not when it 
was compared with the resting baseline. Similarly, Buck
ner, Petersen, Ojemann, Miezin, Squire, and Raichle 
(1995) observed right frontopolar activation (x,y,z = 32, 
50, 6; BA 10) during stem completion when it was com
pared with a word generation baseline, but not when it 
was compared with a fixation baseline. These findings 
suggest that frontopolar activation is greater during rest 
or fixation than during semantic tasks. Presumably, this 
reflects the greater opportunity for self-referential thought 
to occur during rest or fixation than during simple test 
performance. 

Moreover, not only resting but sometimes even pro
cessing baselines, if not sufficiently engaging, may cause 
frontopolar activation to be obscured. There are at least 
two examples from neuroimaging studies where a task 
of interest showed frontopolar activation relative to a de
manding baseline task, but not relative to a less demand
ing task. One example is a working memory study (Owen 
et aI., 1999) where a comparison of a spatial 2-back con
dition with a relatively undemanding visuomotor control 
condition did not yield frontopolar activation, whereas 
the same 2-back condition compared with a more de
manding spatial span task yielded right frontopolar acti
vation (x,y,z = 38, 42, 20; BA 10). In another example 
(Grasby et aI., 1993), cued retrieval of paired associates 
from episodic memory in comparison with semantic word 
generation produced right frontopolar activation (x,y,z = 
30, 42, 24; BA 10/46), whereas the same episodic re
trieval condition compared with a less demanding word 
repetition baseline caused the activation locus to be dis
placed away from the frontopolar cortex toward the me
dial prefrontal region (x,y,z = 18,28,24; BA 32). 

The examples described here indicate that in order to 
be able to observe frontopolar activation during a target 
condition, the baseline should be as carefully chosen as 
the target condition itself and should be appropriately de
signed so that it poses sufficient processing demands to 
discourage participants from engaging in self-oriented 
mental processes; at the same time, however, it should 
be designed so that it is not overly demanding either. In 
general, if the frontopolar cortex, as suggested here, par
ticipates in active processing performed on internally 
generated information, the ability to detect changes of ac
tivation in this area may be strongly related to success
fully eliminating such self-oriented mental activity dur
ing the baseline condition. 
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Frontopolar Cortex and the 
Issue of Task Difficulty 

As mentioned previously, task manipulations that pro
duce frontopolar activation are often associated with in
creases in difficulty from baseline to experimental con
dition. This raises the following question: Is it possible 
that the observed frontopolar activations are due to the 
increases in task difficulty rather than the specific pro
cess proposed here-the evaluation of internally gener
ated information? 

There is evidence to suggest that considering only task 
difficulty is not sufficient to characterize frontopolar ac
tivations. One line of evidence comes from the working 
memory literature, where task difficulty has been iden
tified in terms of working memory load. Increasing the 
working memory load linearly does not by itselfproduce 
linear increases in the frontopolar cortex, as revealed by 
studies on the effects of load in O-back, I-back, 2-back, 
and 3-back conditions (Braver et aI., 1997; Cohen et aI., 
1997). Neither of these studies reported an effect of the 
linearly increasing load on the frontopolar cortex, al
though both found such an effect on the dorsolateral pre
frontal cortex. By contrast, Grasby et al. (1994) used an 
immediate free recall task on word lists varying from 2 to 
13 words in length and found significant correlations be
tween list length and regional cerebral blood flow (rCBF) 
in the frontopolar cortex bilaterally (x,y, Z = -24, 
48, -8; BA 10; andx,y,z = 30,48,4; BA 10). However, 
the free recall of lists of words of increasing length most 
likely involves not only increase in working memory load 
but also, and perhaps more importantly, increase in the 
need to strategically organize and monitor and process of 
recall. 

Another line of evidence comes from neuroimaging 
studies of deductive reasoning, which have shown that 
frontopolar activation can also be associated with decreas
ing task difficulty. Although deductive reasoning tasks 
are more difficult than inductive reasoning tasks accord
ing to both accuracy and reaction time measures (Evans, 
Newstead, & Byrne, 1993; Goel et aI., 1997), the latter 
activate the frontopolar cortex whereas the former do not 
(Goel et aI., 1997; Osherson et aI., 1998). Even stronger 
support for this comes from the results reported by Osh
erson et aI., who directly compared inductive with de
ductive reasoning and observed left frontopolar cortex 
activation (x,y,z = -40,48, 16; BA 10/46). This sug
gests that activation in the frontopolar prefrontal cortex 
is not driven by increased difficulty per se, but that there 
may be some additional and qualitatively different com
ponent processes in the tasks that recruit this region rel
ative to the ones that only recruit the dorsolateral pre
frontal cortex. 

In general, explaining prefrontal activations with in
creased task difficulty may seem attractive, with its ap
parent parsimony. However, such an explanation posits 
an implicit theory of prefrontal function. Namely, it as
sumes the view that the prefrontal cortex is functionally 

homogeneous and its functions can be reduced to a single 
unitary concept, in this case, task difficulty. However, re
ducing prefrontal abilities to anyone unitary process 
does not appear to be compatible with psychological and 
anatomical data (Stuss et aI., 1994). On the basis of be
havioral analysis, several authors have argued that frontal 
functions are multiple, divisible, and fractionated (Fus
ter, 1980; Shallice & Burgess, 1991a, 1991b; Stuss & 
Benson, 1986). In addition, tests of prefrontal functions 
such as the Tower of London and the WCST have been 
found to measure dissociable aspects of prefrontal func
tion that contribute to task performance above and be
yond basic working memory processes (Robbins, 1996). 
All of this provides evidence that additional factors be
yond task difficulty need to be taken into account. 

It is nonetheless important to note that there is proba
bly no correct answer to the question of whether the pre
frontal cortex is characterized by a heterogeneity or ho
mogeneity of function. At a general level of analysis, it 
may be possible to describe prefrontal functions by using 
a single generalized process such as task difficulty. How
ever, when a more specific description of prefrontal func
tion is desired, multiple processes and component sub
processes may have to be considered in order to fully 
characterize functional differences at the subregional level. 
Thus, depending on the level of discourse being used, or 
the level of psychological and anatomical analysis, frontal 
lobe functions can be described as either homogeneous 
or heterogeneous (Stuss et aI., 1994). Hence, an expla
nation of frontopolar activation involving general task 
difficulty does not contradict an explanation involving 
specific processes such as the evaluation of internally gen
erated information. Rather, these are parallel explana
tions at two different levels of analysis. 

If the cognitive processes subserved by the dorsolat
eral and frontopolar cortex are organized according to 
the hierarchical distinction proposed here, then system
atic differences in difficulty can be expected between 
tasks involving only one level of this hierarchy and tasks 
involving both levels. Tasks requiring processing of inter
nally generated information would involve both hierar
chi cal levels and are likely to be cognitively more complex 
than tasks requiring processing of externally generated 
information and involving only one level. Thus, dorso
lateral activation would be observed for both types of tasks 
and frontopolar activation only for the more difficult. We 
further hypothesize that frontopolar activation reflects 
specifically the cognitive difficulty of a task, rather than 
other dimensions of difficulty, such as perceptual or motor. 
Convincing support for this hypothesis will require exper
iments that study specifically the evaluation of internally 
generated information. 

CONCLUSIONS 

The review of reasoning and episodic retrieval studies 
presented here suggests that the frontopolar cortex is a 
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functionally distinct prefrontal region that may be selec
tively involved in active processing, such as evaluation, 
monitoring or manipulation, performed on internally gen
erated information. It is proposed that there may be a hi
erarchical distinction in a rostrocaudal direction between 
the frontopolar and the dorsolateral prefrontal regions of 
the cortex. Dorsolateral cortex may be sufficient for the 
evaluation or manipulation of externally generated infor
mation, whereas frontopolar cortex is additionally re
quired when evaluation and manipulation of internally 
generated information needs to be performed. Such a hi
erarchical distinction is consistent with, and can be 
viewed as an extension of, the two-stage model of pro
cessing within the lateral prefrontal cortex that has been-
previously proposed in the literature. This latter model 
has viewed the ventrolateral and dorsolateral regions as 
subserving two different stages of executive processing 
within the lateral prefrontal cortex, with the dorsolateral 
region being involved at the second stage, where moni
toring and manipulation of information held in working 
memory is required. The rostrocaudal prefrontal cortex 
distinction proposed here goes one step further and sug
gests that the frontopolar region in the human prefrontal 
cortex can be seen as subserving a third stage of execu
tive processing, involving evaluation of information that 
has been generated at the previous stage of executive pro
cessing. Thus the ventrolateral, dorsolateral, and fronto
polar regions can be seen as forming a three-stage hier
archical system within the prefrontal cortex. 

More generally, approaching the prefrontal cortex with 
the assumption of heterogeneity of function and viewing 
it as a region subserving multiple and differently local
ized processes appears to be a beneficial approach toward 
identifying neurally plausible component processes of 
complex cognition. In particular, the regional distinction 
proposed here suggests that self-referential or introspec
tively oriented mental activity may be qualitatively differ
ent from externally oriented mental activity concentrated 
on externally generated information. In view of the types 
of functional distinctions that have been proposed to 
hold within the human prefrontal cortex, it appears that 
different prefrontal subregions are best distinguished by 
viewing them as the components of a hierarchically or
ganized system. Consequently, the general principle ac
cording to which the prefrontal cortex is organized may 
be not so much that of regional dissociations as much as 
that of a hierarchical organization. The challenge to fu
ture theories and research of prefrontal function will be 
to refine and further our knowledge of this organization. 
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