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It is controversial whether different cognitive functions

can be mapped to discrete regions of the prefrontal cor-

tex (PFC). The localisationist tradition has associated

one cognitive function – inhibition – by turns with

dorsolateral prefrontal cortex (DLPFC), inferior frontal

cortex (IFC), or orbital frontal cortex (OFC). Inhibition is

postulated to be a mechanism by which PFC exerts its

effects on subcortical and posterior-cortical regions to

implement executive control. We review evidence con-

cerning inhibition of responses and task-sets. Whereas

neuroimaging implicates diverse PFC foci, advances in

human lesion-mapping support the functional localiz-

ation of such inhibition to right IFC alone. Future

research should investigate the generality of this pro-

posed inhibitory function to other task domains, and its

interaction within a wider network.

Many researchers agree that the function of the prefrontal
cortex (PFC) is broadly one of ‘executive control’ (i.e. the
scheduling and optimizing of subsidiary processes imple-
mented by posterior cortical and subcortical regions; see
[1] for a review). There is, however, theoretical controversy
over whether subregions of PFC are functionally differen-
tiated. One influential view is that different areas within
PFC perform the same operation (i.e. ‘working memory’)
but for different sensory inputs [2] (but see [3]). Avariant of
the ‘working memory’ hypothesis is one which regards the
PFC as providing top-down bias of posterior cortical and
subcortical ‘modules’ [4]. Accordingly, the PFC acts like the
signalman at a railway junction; depending on the context,
different incoming traffic gets directed towards different
outcomes [1]. Another, complementary, view of PFC func-
tion is that it integrates events across time [5].

Meta-analysis of neuroimaging results suggests a
localization of function to a network of PFC regions. It
appears that, regardless of the particular contrast of tasks,
there is regularity of (bilateral) activation of dorsolateral
prefrontal cortex (DLPFC), inferior frontal cortex (IFC),
and dorsal anterior cingulate cortex (ACC), but not other
frontal regions [6]. This indicates a surprising sort of
specialization of the PFC: a specific frontal network con-
sistently recruited for solution of diverse cognitive problems.

Although it is not disputed that memory is a funda-
mental function of the PFC, nor that most neuroimaging

task comparisons activate the same set of PFC regions
(often including bilateral DLPFC, IFC and ACC), recent
advances suggest that the IFC, right-lateralized (Figure 1a),
can be identified with a particular function. We review
recent evidence from behavioural studies of patients with
unilateral PFC lesions. Lesion studies, unlike neuroimag-
ing, can establish which brain regions are necessary for
cognition, and advances in lesion-mapping technology,
using structural MRI, allow better lesion resolution. The
evidence supplements classic monkey-lesion work [7,8], by
showing that damage to the right IFC impairs indepen-
dent measures of executive control by disrupting inhi-
bition (specifically of responses and task-sets). This poses a
challenge to alternative views concerning the localization
of such inhibitory functions to DLPFC [9] or orbital frontal
cortex (OFC) [10] (see [11] for a review).

The right IFC and inhibitory control

Historically, an important paradigm for studying execu-
tive control has been the Wisconsin Card Sorting Test
(WCST). The subject sorts a series of cards on different
dimensions such as colour, number and shape. Once the
subject has established the currently appropriate rule
(e.g. ‘sort successive cards by color’), the experimenter
gives negative feedback, and the subject is required to
change classification to another dimension. Patients with
frontal cortical damage are notoriously bad at the change
stage (see [12] for a review) – often explained by
‘perseveration’ of the previously appropriate rule. How-
ever, because the WCST is complex, requiring not just
shifting – but hypothesis generation, memory, and so on –
any component could be affected by lesion damage. Hence,
researchers have used executive control paradigms that
more effectively decompose cognitive components. Two such
influential paradigms are response inhibition (see [13] for
a review), and task-set switching (see [14] for a review).
Damage to right IFC crucially affects performance in these
paradigms, apparently by disrupting inhibition. Addition-
ally, we review studies showing that wider areas of the
right PFC are required for the suppression of memories
and responses to visual or auditory distractors.

Response inhibition

Response inhibition is the cognitive process required to
cancel an intended movement. It is tested using Go/No-Go
and stop-signal tasks [13]. The subject is required toCorresponding author: Adam R. Aron (adamaron@psych.ucla.edu).
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perform speeded responses on Go trials (e.g. pressing a
button in response to the letters Q, P, T) and to inhibit
responding on (i) No-Go trials (e.g. to the letter X) or (ii)
Stop trials (when a beep is sounded). For Go/No-Go tasks
the index of inhibitory control is the number of errors a
subject makes on No-Go trials (i.e. Going when they should
not). For stop-signal tasks, the index of inhibitory control
is the duration of the stopping process, called the stop-
signal reaction time (SSRT) [13]. In neuroimaging studies
response inhibition consistently and especially activates
a right-lateralized inferior frontal cortex (IFC) region
(e.g. [15,16–21]), and this region (but not other regions of
right or left PFC) was shown to be crucial by a neuro-
psychological study of patients with unilateral right-PFC
damage [22]. The greater the damage to this region alone,
the worse the response inhibition, as indexed by SSRT
(Figure 1b,c). Lesions to a homologue of this region (the
inferior prefrontal convexity; see Box 1) also impaired
No-Go performance in monkeys [8], and it is note-
worthy that problems with response inhibition have
been widely documented in children and adults with
a diagnosis of attention-deficit hyperactivity disorder
(ADHD) (e.g. [23,24,25]). Structural MRI (e.g. [26,27]),
functional MRI [28,29] and EEG (e.g. [30]) evidence
strongly suggests that a right-frontal (especially inferior
frontal) deficit underlies impaired response inhibition
in this group.

Task-set switching

Changing from performing one task to another exercises
executive control. A precise measure is given by the task-
set switching paradigm (for a review see [14]), which
measures switching in terms of the time taken to switch
compared with repeating a task (the ‘switch cost’). In brief,
subjects perform a series of trials of task A and then switch
to performing a series of task B. For each subject, the
switch cost is computed by subtracting the average
reaction time (RT) of non-switch trials from the average
RT of switch trials. Intuitively, it is clear that having to

switch task requires configuring a new attentional and
response set (e.g. getting ready to take up your cup once
you have finished pouring the coffee). Apart from taking
time to load new stimulus–response (S–R) mappings and
choosing which attributes to attend to, changing tasks
might require the inhibition of competing S–R links
specified by the now inappropriate task, or even the
inhibition of the entire task [31].

Converging evidence suggests the right frontal
cortex might subserve inhibitory processes underlying
switching. Neuroimaging studies of the WCST [32–34],
reversal learning (e.g. [32,35]) and task-set switching
(e.g. [36,37–39]) have especially reported activation of
DLPFC and right IFC (although sometimes there is
co-activation of left frontal cortex). A direct neuroimaging
comparison of a form of switching (the WCST) and
response inhibition demonstrated a common locus in the
right IFC [18]. A combined EEG/fMRI study investigating
Go/No-Go and Switch/Repeat factors suggested that the
right IFC was responsible for ‘switching into a suppression
mode’ [40]. Most persuasively of all, a study of patients
with unilateral PFC damage demonstrated that the greater
the damage to the right IFC, the greater the switch cost
[41] (Figure 2a,b). This was not true for damage to any
other region of right or left PFC. The switch deficit of these
patients with right frontal damage appeared most consis-
tent with impaired ability to suppress irrelevant responses
or irrelevant task-sets on the switch trial relative to non-
switch trials. In addition to being reliably correlated with
the amount of damage to the right IFC, the switch cost was
also reliably correlated with the SSRT measure of response
inhibition (Figure 2c). This suggests disruption to a
common mechanism underlying performance of the two
independent tasks.

Inhibition during memory retrieval

In the course of daily life we often try to ‘push out of mind’
unpleasant events or memories. Such blocking of memory
retrieval could be like overriding a pre-potent motor

Figure 1. Disruption of response inhibition by right inferior frontal cortex (IFC) damage. (a) A single coronal slice through a structural template of the human brain. The

thick white line demarcates the IFC in the right hemisphere. For each patient, the volume of lesion damage to this region was computed from a structural MRI scan (see [22]

for methods). (b) Extent of damage to right IFC, but not other regions, correlated with a response-inhibition measure (indexed by stop-signal reaction time, SSRT): greater

damage leads to slower inhibition ðr ¼ 0:83; P , 0:0001Þ [22]. (c) There was also a reliable correlation between SSRT and damage to a more specific region of IFC, the pars

opercularis (a posterior-ventral region; see Box 1).
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response (for a review see [42]). Using a related paradigm,
a recent neuroimaging study identified the neural systems
involved in keeping unwanted memories out of mind
[43]. Subjects were first trained on cue-target word pairs

(e.g. ‘ordeal–roach’). Later they were shown only a cue
word on each trial (e.g. ordeal) and depending on the color
in which it was written, they were required to either
respond (subvocally) with the target word or else to try to

Figure 2. Disruption of task-switching by right inferior frontal cortex (IFC) damage. (a) Extent of damage to right IFC, but not other regions, correlated significantly with a

reaction-time measure of the switch cost for 18 patients with right-frontal damage ðr ¼ 0:82; P , 0:0001Þ [41]. (b) An even stronger correlation was apparent between extent

of damage to pars opercularis of IFC and switch cost ðr ¼ 0:84; P , 0:0001Þ: (c) A statistically reliable correlation ðr ¼ 0:59; P , 0:005Þ between the same measure of switch

cost and the response inhibition measure (SSRT), was reported for the same right frontal patients [22].
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Box 1. Comparative anatomy and function of IFC in man and monkey

The IFC (otherwise known as ‘ventrolateral’ PFC) in humans comprises

Brodmann Areas 44 (pars opercularis), 45 (pars triangularis) and 47/12

(pars orbitalis) (Figure Ia) [81]. However, relating lesion damage and

functional activation to any subregion of IFC must be performed

with caution as the correspondence between sulcul landmarks and

the underlying cytoarchitectonic areas (i.e. Brodmann Areas) is only

approximate [82,83].

In the monkey brain, the ventralmost part of the anterior bank of

the lower limb of the arcuate sulcus (extending onto the adjacent

ventrolateral prefrontal convexity, areas 45A and 45B in Figure Ib)

has similar architectonic characteristics to human area 45 [81]. An

area with architectonic features corresponding to area 44 in the

human brain is found in the lower limb of the arcuate sulcus in

monkeys (Figure Ib) [81].

Adequate comparison between species requires functional studies,

for example, with fMRI. One such study used a modified version of the

WCST to investigate cognitive set-shifting [33]. The most prominent

shift-related activation of the PFC was found in the bilateral IFC across

both species (Figure Ic,Id).

The IFC is one of the most heavily connected regions of the PFC,

receiving polymodal input from posterior cortical areas, and commu-

nicating heavily with other PFC regions [1]. It is one of the last brain

regions to develop in both ontogeny and phylogeny [84]. Immature

development of the IFC in children versus adults could explain signi-

ficantly different functional activity for response inhibition [15]. Detailed

neuroanatomical knowledge of this region, in tandem with better

understanding of innervating catecholamine neurotransmitter sys-

tems, is likely to complement future functional studies.

Figure I. Cytoarchitectonic maps of the lateral surface of the human (a) and

macaque monkey (b) prefrontal cortex. (Adapted from [81] with permission; only

left hemisphere available.) In (b), the principal sulcus is demarcated by the

mainly horizontal bold line. The arcuate sulcus is shown magnified in the inset.

(c) Bilateral inferior frontal functional MRI activations associated with Wisconsin

Card Sort shifting for monkey (top row) and humans (bottom row). (d) Same

activations displayed on inflated surface reconstructions of human (left) and

monkey (right) brains. (Adapted from [33] with permission; only left hemisphere

available.) Yellow arrow (left): inferior frontal sulcus; green arrow (right):

principal sulscus; blue arrow: arcuate sulcus.
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suppress the target word. Activation was compared during
suppression and respond trials. Although the authors
emphasized a DLPFC focus associated with inhibition of
unwanted memories, activation foci were also found in
bilateral IFC. Investigating the DLPFC focus alone, the
authors found evidence that it interacts with the medial
temporal lobe (MTL), a region crucial for memory, during
attempts to suppress recollection.

Future lesion studies are required to establish which
PFC regions are necessary for the inhibition of unwanted
memories, and whether these might in fact overlap with
the right IFC region. A recent lesion study [44] provided
some support for this hypothesis using a ‘directed forgetting’
procedure. On each trial, the subject was given a single
word, followed by an instruction to remember or forget.
This led to a high level of recall for to-be-remembered
items and a low level of recall for to-be-forgotten items.
Patients with right (as opposed to left) frontal-lobe damage
showed impairments for directed forgetting [44]; however
the locus of lesion damage was not specified at greater
resolution.

The above studies concern inhibitory mechanisms in
long-term memory. Evidence also exists for right IFC
involvement in working memory retrieval [45,46], perhaps
also related to inhibition. There is also evidence for left IFC
recruitment related to inhibitory mechanisms in working
memory, specifically for resolving interference from pre-
vious trials [47,48]. In a common manipulation, subjects
perform a test of item recognition: target letters are
presented for storage followed, after a brief interval, by a
probe letter that could match a target letter or not. On
some trials, when the probe did not match a target letter,
and required a ‘no’ response, the probe had matched a
target letter of the previous trial, so on these trials a ‘yes’
response was prepotent and supposedly had to be inhi-
bited. A patient with damage restricted to the left inferior
and middle frontal gyrus showed a particularly large
effect, reflecting increased interference in the prepotent
response condition [49].

Interference tasks and negative priming

There exists other evidence for the role of right frontal
cortex in cognitive inhibition. In a selective attention task
requiring subjects to reach and touch targets but not
distractors, an index of distractor suppression correlated
reliably with lateral PFC damage in both hemispheres
(albeit a region more diffuse than IFC alone) [50]. Increased
distractibility as a consequence of lateral PFC damage has
been demonstrated in auditory and antisaccade tasks in
monkeys and humans [51–53]. Other neuropsychological
studies have explored the phenomenon of negative priming
– ostensibly reflecting the after-effects of inhibition: if a
subject suppresses a response to a location or object on
trial t, then responding to that object or location on trial
tþ1 is slower relative to responding to a novel object
or location (for a review see [54]). Negative priming is
reduced in patients with RF damage [55,56]. The require-
ment to overcome distraction or interference is also
necessary for the Eriksen Flanker paradigm: comparison
of incongruent trials (affording two potential responses)
with congruent trials (affording one potential response)

produces right IFC activation [15,57,58]. Finally, right-
IFC activation is also reliably greater as a consequence of
dual-task interference; that is, when the interval between
one task and the next is short relative to when it is long
[59]. One interpretation of this latter finding is that the
IFC is recruited to suppress the second task until pro-
cessing resources are liberated.

Neurophysiological evidence

Although we have argued from the above evidence that
functional activations in the right IFC reflect a cognitive
inhibitory mechanism and that lesions to this region
in non-human primates and humans alike disrupt this
mechanism, it is unclear how cognitive inhibition relates
to inhibition in a neural sense (by ‘neural’ we mean the
systems level rather than that of single neurons).

Evidence for systems-level inhibition underlying cog-
nitive inhibition comes from monkey neurophysiology [60].
Electrical stimulation of PFC No-Go foci produced reduced
electrical activity in motor cortex, concomitant with a
cancelled manual response (Figure 3). One No-Go focus
was within the principal sulcus, whereas another was
in the ‘rostroventral corner’ of the PFC (in both hemi-
spheres). Although this latter region is anterior to the
prefrontal convexity (i.e. the homologous region of human
IFC; see Box 1), there was considerable variability between
monkeys, and resolution was limited.

Other research has shown that electrical stimulation of
frontal eye field neurons causes inhibition of saccade
production, possibly through suppression of brainstem eye
movement generators [61]. Most of the suppression sites
were located deep within the anterior bank of the arcuate
sulcus (i.e. partly overlapping with IFC; see Box 1, and
figure 1 in [62]). Saccade inhibition has also been explored
with the stop-signal paradigm (for a review see [62]). When
a stop-signal is given, activity in frontal eye field saccade-
generating neurons rapidly decays, within the SSRT,
whereas that for fixation neurons rapidly increases. It is
possible that some foci within monkey frontal eye field
affect the balance between fixation and saccade production
neurons in such a way as to cancel movement [61].

In humans, as noted above, PFC apparently interacts
with posterior-cortical regions such as MTL during cog-
nitive inhibition of unwanted memories [43]. It is moreover
possible in the case of response inhibition, that the right
PFC suppresses basal-ganglia output, perhaps via the
subthalamic nucleus (STN). Recent research has shown
that patients with deep-brain stimulation of the STN had
significantly improved response inhibition relative to a
group with stimulation of the thalamus (W. van den
Wildenberg, PhD thesis, University of Amsterdam, 2003).
Subthalamic nucleus stimulation increases firing of STN
output neurons, which increases inhibition of thalamo-
cortical projections [63].

The emerging picture suggests an interaction between
right PFC and (i) basal-ganglia, (ii) primary motor regions
and (iii) memory-related MTL, in implementing cognitive
inhibition. It remains to be elaborated whether the PFC
source of such cognitive inhibition is specifically the right
IFC, and whether neural activity in this region is itself
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excitatory or inhibitory with respect to neural activation
(see also [64]).

Defining inhibition in neural-systems terms

A component of executive control, cognitive inhibition, can
be localized to a specific subregion of the PFC, the right
IFC (in particular, the pars opercularis1). The voluntary

blocking of memory retrieval might also depend on this
same region, and a wider prediction is that any task
requiring cognitive suppression of responses, task-sets or
memories will be affected by damage or momentary
deactivation of this region. ‘Inhibition’, as we therefore
define it means the ‘suppression of inappropriate responses,
S-R mappings or task-sets when the context changes, and
suppression of interfering memories during retrieval’.
Future research could establish to what extent this usage
overlaps with other mentions of frontal ‘inhibition’ such as
the inhibition of psychomotor representations in the
parietal lobe [65], inputs to the sensory cortices [66],
motor channels of the basal-ganglia [67], reflexes [68],
orienting of attention (inhibition of return) [69], perse-
veration in WCST [70] (and see [11,66,71] for a review).

Inhibition might interact with other PFC-implemented

cognitive functions

Cognitive inhibition could be one of a set of functions
(including working-memory maintenance of task sets
and items, selection and manipulation of information in
working memory, and conflict detection) implemented by
different, possibly overlapping, PFC regions. Which func-
tions of the set get expressed for a particular task, and
when they get expressed, might change. This motivates a
different interpretation of neuroimaging meta-analysis:
the reason why the same set of PFC regions is almost
always activated (i.e. DLPFC, ACC and IFC; see [6]) might
be because those regions separately implement different
cognitive functions, and these interact to facilitate task
performance. It is plausible that left-lateral PFC main-
tains goals/sets [17,41,72], the ACC detects conflict when
the stimulus does not match those goals [73], and right
IFC suppresses the irrelevant response. Depending on the
context, right-IFC suppression could impact subcortically,
for example, via the STN or the brainstem [61]; it could act
on motor cortex [60]; or it could suppress memory retrieval
via the MTL. Effective connectivity studies that apply
anatomical knowledge of right IFC inputs and outputs,
and make use of fMRI data, could help to establish the
relations between right IFC and other prefrontal, sub-
cortical and posterior cortical foci.

Specificity of IFC inhibitory function and lateralization

Some caveats should be mentioned. First, our review
concerns mainly a specific sort of inhibition – that of
responses and task-sets – measured using reaction-time
methodology in humans. Although we predict that this
right-IFC implemented inhibitory function might also
apply in such domains as memory retrieval [74], affective-
shifting [75,76] and attentional-set shifting [75], this
remains to be demonstrated empirically. Although prior
research [75] established a double dissociation in the
marmoset between attentional-set shifting in lateral PFC
and affective-shifting in the OFC, it is unclear whether any
inhibitory component in those monkey tasks (having high
learning requirements) is really analogous to stop-signal
inhibition or inhibition in task-set switching. It is also
unclear whether the cortex left undamaged in that study
(lying between the lateral and orbital regions) could
represent the marmoset homologue of the IFC: if so, that

Figure 3. Suppression of visually-initiated hand movement by stimulation of

No-Go PFC foci in the monkey (adapted from [60] with permission). (a) Lateral

view of the left hemisphere and coronal slice through frontal cortex are shown

(although recordings and results apply equally to both hemispheres). Surface (S)

and depth (D) electrodes were placed within the principal sulcus (A, open circle

with dot in centre) and rostroventral corner of the PFC (B, open circle), and the

forelimb area of the motor cortex (C, filled diamond). S.P. ¼ sulcus principalis;

S.C. ¼ sulcus centralis; S.A. ¼ sulcus arcuatus. (b) Field potentials at S and D

electrodes and S-D are shown for cortical focus B for Go/No-Go trials of the discri-

minative task for one monkey. Monkeys learned to respond to Go trials for reward,

and to withhold responses on No-Go trials. For No-Go trials, the changes for S

and D electrodes are consistent with the ‘No-Go potential’: an electrode potential

behaviorally related to the No-Go response. (c) Stimulation of No-Go foci during

Go trials cancels the response. Shown are measurements with S-D records from

motor cortex (focus C), mechanogram (MECH) attached to the hand-lever, and

reaction-time (RT) histogram for the monkey’s responses.

1 In Ref [22], we erroneously referred to the pars opercularis as the pars
triangularis.

Review TRENDS in Cognitive Sciences Vol.8 No.4 April 2004174

www.sciencedirect.com

http://www.sciencedirect.com


region could implement an inhibitory mechanism that
allows normal performance of attentional-shifts when
OFC is damaged and normal performance of affective-
shifts when lateral PFC is damaged. Second, we do not
claim that the right IFC plays only an inhibitory role. This
region is implicated in category learning [77], visuomotor
conditional learning (reviewed in [78]), memory retrieval
[46], and memory encoding [79]. Although some of these
results could be interpreted in terms of inhibition
(e.g. suppression of competing memories [46], or inhibition
in selective attention [80]), it is likely that multiple other
functions are implemented there. Third, although right-
IFC (but not left-IFC) damage in humans crucially affects
stop-signal inhibition [22] and task-switching [41] it is
apparent that left IFC might play some role related to
inhibition too. Neuroimaging studies of No-Go inhibition
sometimes find bilateral IFC activation (e.g. [15,18,20]),
as do studies of switching or shifting (e.g. [33,34,37]).
Interference (inhibitory) effects in one working memory
paradigm consistently activate left IFC [47,48], and the
left IFC might even be crucial [49]. It remains to be
established whether left IFC interacts with right IFC
in inhibitory control or whether either hemisphere
can implement inhibition, depending on the context
(e.g. semantic load).

Lesion mapping methodology supports the

localisationist hypothesis of PFC function

Demonstrating the crucial importance of the right IFC to
cognitive inhibition represents an advance in the frac-
tionation of PFC function and poses a challenge to such
global hypotheses as ‘working memory function’ [2] or a
‘specialized frontal network’ [6]. It is unclear how those
views could account for the specificity of the human
neuropsychological evidence implicating the right IFC,
and not other PFC regions, in two independent tasks
measuring cognitive inhibition (Figures 1 and 2). Fur-
thermore, it is difficult to reconcile those views with
primate neurophysiology showing that stimulation of
No-Go foci during Go trials suppresses electrical activity
in the motor cortex concomitant with canceling a manual
response (Figure 3) [60], or that stimulation of a monkey
homologue of IFC during a saccade task canceled saccade
production [61].

Recent advances in human lesion-mapping method-
ology, combined with cross-task comparisons, show that a

common component – inhibition – is specifically imple-
mented by the right IFC. Progress in understanding PFC
function depends on converging neuroimaging, neuropsy-
chological and electrophysiological cross-species methods,
and on properly interpreting imaging activations/deacti-
vations in terms of the underlying systems level (see also
Box 2). Extending these methods should enable a richer
understanding of executive control as a set of interacting
psychological processes instantiated by discrete PFC regions.
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