
In traditional models of cognitive psychology, voluntary
behavior and automatic behavior have been kept rather
separate. To many theorists, automatic and unconscious
actions appeared to be fast but inflexible, making them
categorically different from the flexible and controlled
nature of conscious, voluntary actions (Fig. 1). Likewise,
there has been a traditional division between the roles of
subcortical and cortical regions of the brain. The subcor-
tex was often associated with unconscious behavior,
such as primitive reflexes and motor commands that had
grown automatic and inflexible through practice. The
cortex, on the other hand, was associated with con-
sciousness, flexibility, and control.

Here, we review several lines of study that may chal-
lenge these traditional distinctions. We are led to con-
clude that first, automatic motor activity may arise
ubiquitously, forming an intrinsic part of all behavior
and, second, that nonconscious processes are not as
inflexible as has been previously assumed.

Evidence for Automatic Motor Activation

Look Here!

Does mere visual processing cause partial activation of
motor commands even when there is no conscious inten-
tion to move? There is now a body of evidence suggesting
that this is indeed the case—the most definitive and well-
studied example being the “visual grasp reflex.” Suddenly
appearing visual stimuli often attract a fast eye movement
(a saccade) toward them, even when we intend to look at
something else (Theeuwes and others 1998). On other
occasions, a reflexive saccade may not actually occur, but
evidence for its partial activation can be gleaned from the
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Fig. 1. Traditional view of separate voluntary or automatic
routes to behavior. Voluntary behavior is seen to use per-
ceptual information in a flexible manner to guide goal-
directed conscious actions and is expected to engage the
frontal cortex. On the other hand, some stimuli trigger
unconscious automatic responses that are fast but inflexible
and have often been associated with subcortical pathways.
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delays caused to the intended saccade. This delay is known
as the “saccade distractor effect” (Lévy-Schoen 1969;
Walker and others 2000).

Electrophysiological studies in macaques have con-
firmed that visual stimuli cause a wave of activity through
both sensory cells and motor cells in the areas of the brain
dedicated to eye movement control, such as the superior
colliculus and the frontal eye fields (e.g., Everling and
Munoz 2000; Munoz and Everling 2004). For example,
when a stimulus occurs that a monkey wishes to look at,
frontal eye field neurons show an initial burst of activity
following the stimulus and then a later peak of activity
when the saccade is made (Fig. 2). However, when a sac-
cade is required in the opposite direction, the stimulus still
causes the initial burst of firing, partially activating the
cells that would trigger a saccade toward it. And indeed, if
this stimulus-related activity is large, erroneous saccades
toward the stimulus tend to occur (Fig. 2B). If the initial
burst is not so large, the monkey can successfully make a
saccade in another direction, but overcoming the stimulus
burst causes a delay.

See It, Grab It

Outside the domain of eye movements, evidence for reach
and grasp reflexes has been less mainstream (most manual

reaching studies have concentrated on intentional actions).
However, there has been a longstanding view that visually
processing an object may automatically activate action
plans for limb movements—so-called afforded actions that
have been, or might be, performed with that object (Gibson
1979; Wallace 1971). For example, seeing a cup might be
sufficient to activate action plans that would normally be
made to reach and grasp a cup.

The past decade has seen a strong revival of interest in
this idea. For example, Tucker and Ellis (1998) required
participants to view pictures of common graspable objects
and classify them as upright or inverted by pressing buttons
with their left or right hands. They found that the left-right
orientation of the object affected response time even though
it was explicitly irrelevant. If the graspable part of the
object (the handle of a mug, for example) was on the right,
participants were faster to respond if a right-hand response
was required, suggesting that a right-hand response was
already partially activated by the visual processing of the
mug’s handle (see also Fig. 3).

There has been a debate concerning whether perceptual
processing might elicit automatic motor activity due to
attentional shifts, rather than through direct links between
object recognition and afforded actions (Anderson and
others 2002; Vainio and others 2007). In many cases, the
side of an object that might be associated with an action
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Fig. 2. Automatic activation of eye movement neurons, from Everling and Munoz (2000). Many neurons in the frontal
eye field (FEF) show activity when a saccadic eye movement is made to a certain position in space (the neuron’s “move-
ment field”). In the prosaccade condition, a stimulus appeared in the movement field, and the monkey had to look at it.
(A) Activity rose in response to the stimulus and then reached a further peak that triggered the saccade. Comparison of
the shaded area with the baseline activity (dashed region) allowed Everling and Munoz to calculate the amplitude of
early stimulus-related activity. In the antisaccade condition, a stimulus also appeared in the movement field, but this
time the monkey had to look away from it. The plot shows that even though a saccade toward the movement field was
forbidden, this neuron was still activated to some extent by the visual stimulus (in this case, stimulus-related activity is
about 70% of that in prosaccade trials). Thus, there is automatic activation of this neuron by a stimulus that might nor-
mally evoke a saccade toward it, even though in this case, the eye movement will be in the opposite direction. (B) When
an erroneous saccade was sometimes made toward the stimulus, the amplitude of automatic stimulus-related activity
tended to be larger than when a correct antisaccade was made, implying that the erroneous response can be traced
back to the automatic activity elicited by the stimulus (the shaded bar at 40–50 ms represents the early time point at
which erroneous and correct responses can be statistically distinguished). Reproduced with permission from the
Society for Neuroscience.
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(e.g., the handle of a cup) is also likely to draw attention
due to its asymmetry. Rightward attentional shifts, for
example, would be expected to facilitate rightward
responses and interfere with leftward responses, producing
the same compatibility effect predicted by the affordance
account. However, as illustrated in Figure 3, more recent
object affordance studies have measured compatibility
effects using symmetrical objects and nonlateralized
responses (precision thumb and finger grip vs. whole-hand
squeeze), which are not easily explained by the attentional
account (Derbyshire and others 2006; Tucker and Ellis
2004). Therefore, perceptual processing appears to elicit
some automatic motor activity by direct associations
between objects and afforded actions.

Alien Hands

Brain damage may also reveal some of the automatic
mechanisms underlying motor behavior, sometimes in the
most striking of fashion. Two rare but remarkable neu-
ropsychological disorders—the alien limb syndrome and
utilization behavior—may offer key insights into what
might occur when objects in the environment reflexively
capture behavior through the affordances they elicit.

Patients with the alien limb syndrome demonstrate
involuntary actions of a limb. Their hand may grasp
nearby objects—even other people—and may have great
difficulty releasing them, as if magnetically drawn to
them. The hand may also wander without the patient
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Fig. 3. A study of object affordance, from Derbyshire and others (2006). Observers classified pictures of objects, illus-
trated in (A), as manmade or natural. Responses were made using either a finger-thumb “precision grip” or a whole-
hand “power grip” (B). Although the size of the object and the way in which it would normally be grasped was irrelevant
for the task, this factor still affected responses. Faster responses (C) and fewer errors (D) were made if the correct clas-
sification answer coincided with the type of grip normally associated with the object. Slower responses and more errors
were made if the required response was not the grip normally associated with the object. These figures are reproduced
with permission and were published in Acta Psychologica 122:74–98 (copyright Elsevier).
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wanting it to or even interfere with the actions of the
other hand. When the patient is fully aware of such
movements, some authors have preferred to refer to the
limb as anarchic rather than alien. The syndrome is clas-
sically associated with focal lesions involving the medial
frontal lobe, most prominently the supplementary motor
regions, sometimes in association with the corpus callo-
sum (Biran and Chatterjee 2004). It may also occur after
posterior vascular lesions involving the right hemisphere
(Coulthard and others 2007) and in patients with a pro-
gressive neurodegenerative condition, known as corti-
cobasal degeneration (CBD), in which there is both
cortical and basal ganglia dysfunction (Murray and oth-
ers 2007).

In a related syndrome, known as utilization behavior,
individuals may experience difficulty resisting their
impulse to use an object placed within their reach, even
when such an object is not needed. For example, if a pair
of spectacles is placed on a table, the patient may put
them on, repeating the action if another pair of specta-
cles is placed in front her, so that she ends up wearing
both pairs of glasses (Fig. 4). Utilization behavior has
been linked to frontal lesions (Lhermitte 1983), most
recently specifically to bilateral damage to the medial
frontal region involving the supplementary motor area
(SMA), pre-SMA, and cingulate motor areas (Boccardi
and others 2002). Indeed, some investigators have sug-
gested that utilization behavior might be the equivalent
of two anarchic limbs (Boccardi and others 2002).

Experimental studies on patients with alien/anarchic
limb or utilization behavior have been relatively few.
Most recently, Riddoch and her colleagues have pre-
sented a series of detailed investigations on two individ-
uals, one with anarchic limb associated with CBD and
the other medial frontal and temporal lesions with uti-
lization behavior (Humphreys and Riddoch 2000;
Riddoch and others 1998). Importantly, both patients
showed “interference errors.” For example, when asked
explicitly to reach with only the left hand, they reached
correctly to pick up a cup as long as its handle was on
the left, but when its handle was to the right, they incor-
rectly used the right hand to pick it up. Thus, they made
the well-learned, automatic response with the right hand
instead of following the instruction. This finding sug-
gests that well-learned condition-action associations
(affordances)—in this case, to use the right hand to pick
up cups with their handle to the right—may be difficult
to inhibit in these individuals.

Invisible Influences

How can we ascertain whether motor activity is willed
or really occurs automatically? Above, the definition of
automatic has depended on interference with another
goal—if an experimental participant or patient is
attempting to do one task and motor activity associated
with an irrelevant stimulus (or aspect of the stimulus)
gets in the way, we can assume that this interfering activ-
ity was not volitional. Such an interference approach has
been widely applied in cognitive psychology.

An alternative approach is to test the effect of stimuli
that participants do not even see. If a stimulus remains
invisible, or if the crucial aspects of a stimulus cannot be
discriminated, we can say that any associated response is
not voluntary. One way of rendering a stimulus invisible,
or nondiscriminable, is to display it very briefly and
immediately follow it with a surrounding or overlapping
stimulus—a paradigm known as backward masking
(e.g., Ogmen and Breitmeyer 2006). Such backward-
masked stimuli can still influence subsequent responses
to other stimuli, such that responses are facilitated if the
invisible “prime” is associated with the same response as
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Fig. 4. Utilization behavior. Some frontal patients show
a remarkable stimulus-driven tendency to pick up and
use whatever object is near them, even if they have no
requirement for this object. Such utilization behavior
may take the form of putting on an extra pair of specta-
cles, even though the patient already has a pair of spec-
tacles on (A). Medial frontal lesions involving the
supplementary motor area complex (B) can give rise to
such behavior.
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the target, and responses are hindered if the prime is
associated with a different response (Bar and Biederman
1998; Enns and Di Lollo 2000; Forster and others 1987;
Leuthold and Kopp 1998; Marcel 1983; Neumann and
Klotz 1994). Figure 5 depicts an example backward-
masking experiment. Here, participants must respond as
fast as possible to arrows pointing left or right by press-
ing left or right buttons. Each target arrow is preceded 
by a masked prime, but participants cannot tell whether
the prime pointed left or right (this is tested in a separate
discrimination task). However, if the prime points in 
the same direction as the target (a compatible trial),
responses to the target are on average faster than if the
prime pointed in the opposite direction (an incompatible
trial). Such priming effects have provided key evidence
that nonperceived stimuli can elicit partial activation of
motor responses.

Modulation and Control of Automatic Activity

Automatic Activation as Part of Voluntary
Behavior

Above, we have briefly reviewed evidence that sensory
processing can automatically cause motor activity and that
such activation interferes with the execution of alternative

responses. Furthermore, we would argue that such auto-
matic activation and interference is not limited only to sit-
uations traditionally associated with reflexive behavior but
may arise ubiquitously during voluntary behavior, where
various cues in the environment may inadvertently trigger
different potential actions (Norman and Shallice 1980,
1986). For example, when walking into a kitchen, we may
be presented with a variety of objects—mugs, a kettle, taps,
door handles, and so on—that all have motor responses (or
“action schemas”) associated with them (Fig. 6). Indeed,
the defining feature of volition is choice, and it is known
that the premotor cortex initially appears to simultaneously
represent all potential actions in a choice situation (Cisek
and Kalaska 2005). Thus, we may argue, paradoxically,
that automatic motor activity may be greater during
volitional behavior than during automatic behavior. The
difference is not the presence or absence of automatic sen-
sorimotor activation but simply that during automatic
responses, one particular sensorimotor connection is very
dominant and inevitably elicits a particular response.
During volitional behavior, on the other hand, several sen-
sorimotor associations compete, and the same outcome is
not inevitably reached given the same set of stimuli.

Frontal Controllers

A prerequisite for flexible behavior is the ability to sup-
press actions that are automatically and inadvertently
triggered or primed by cues in the environment. Such
inhibition has been strongly associated with areas of the
dorsal medial frontal cortex. For example, both the alien
limb syndrome and utilization behavior, discussed
above, are associated with focal lesions involving the
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stimulus is associated with the same response as the tar-
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Fig. 6. Illustration of how voluntary behavior may be con-
ceptualized. In this illustration, which was inspired by the
framework originally presented by Norman and Shallice
(1980, 1986), perceptual processing automatically acti-
vates a range of action schemas that are associated with
the current perceptual stimuli. Only one action schema can
be carried out, so they compete with each other. A “super-
visory attentional system” influences this competition so
that current goals are favored. This kind of goal-directed
input is also referred to as executive control, but whatever
we call it, the unresolved challenge is to explain free will
without effectively relying on the notion of a homunculus
inside the head directing our voluntary behavior.
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medial frontal lobe, SMA, pre-SMA, and cingulate
motor area, sometimes in association with the corpus
callosum (Biran and Chatterjee 2004; Boccardi and oth-
ers 2002; Lhermitte 1983). The syndromes may also be
a prominent feature of corticobasal degeneration, a con-
dition in which there are progressive changes in both
cortical structures and the basal ganglia (Murray and
others 2007). There are strong connections between the
supplementary motor areas and the basal ganglia—
through so-called frontostriatal loops—which might
form important functional links in the control of motor
activity elicited by stimuli in the environment.

Analogous failures of control appear to exist also in
the oculomotor domain. Paus and his colleagues showed
that patients with medial frontal lesions, involving the
supplementary motor regions, have great difficulty in
suppressing reflexive glances to irrelevant peripheral
stimuli compared with healthy individuals and patients
with other frontal lesions (Paus and others 1991). Thus,
these individuals encounter difficulty suppressing their
“visual grasp reflex” and are highly captured by sudden-
onset events in their visual environment. As for limb
control, the basal ganglia seem also to be involved—the
authors reported similar difficulties in patients with
lesions involving the caudate nucleus.

The supplementary eye field (SEF), which is located
within the supplementary motor complex, may be partic-
ularly important for inhibiting prepotent saccade plans
and allowing other eye movements to take place. Husain
and others (2003) studied a patient, JR, with a small
lesion of SEF and found that he had difficulty counter-
manding a previously prepared plan to move the eyes
left when suddenly instructed to alter the plan and gaze
rightwards (Fig. 7). JR also encountered difficulty
switching from making prosaccades toward a stimulus
and antisaccades away from it (Parton and others 2007).

In healthy individuals, object affordance effects have
also been associated with activity in the SMA, as measured
by neuroimaging techniques. Observing pictures of
objects is sufficient to lead to increased activation in this
region, as well as the occipito-temporal junction and the
inferior parietal lobe (IPL) (Grezes and Decety 2002).
Furthermore, when responses are required to categorize
objects (e.g., as natural or manmade; see Fig. 3), brain acti-
vation is greater in premotor and parietal regions when the
responses must compete with the automatically afforded
response (Grezes and others 2003). Such activity may
reflect the resolution of competition between automatic
activity (evoked by observing the object) and intended
motor activity (the response required to demonstrate
whether the object was judged to be natural or manmade).

Traditionally, the supplementary motor areas have
been associated with initiating behavior in the absence
of sensory prompts (Passingham 1993). For example,
lesions of the SMA in monkeys cause deficits in self-
initiated movements but not those prompted by sensory
cues (Thaler and others 1995). However, the evidence
we have reviewed may suggest an equally important role
in the presence of sensory prompts, when different
potential actions compete with each other.

Parietal Controllers

Frontal regions may not be the only areas involved in the
control of automatically activated motor plans. Alien
limb syndrome may also occur after posterior vascular
lesions involving the right hemisphere in patients with
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Fig. 7. Effects of a focal lesion of the supplementary eye
field (SEF) on voluntary control of action. A rare patient (JR)
with a lesion of the left SEF (A) has been studied by Husain
and colleagues (Husain and others 2003; Parton and oth-
ers 2007). The patient has great difficulty countermanding
a partially activated eye movement plan (B). If he is
instructed to make a leftward saccade but then is asked to
move his eyes in the opposite direction, he can only do so
if the request to countermand his original plan is given
within ~60 ms. The effect is similar if the initial instruction
is to move right and the patient is then instructed to
change to a shifting gaze left. By comparison, control sub-
jects are able successfully to change their plans even if the
countermand request is given ~200 ms after the initial
instruction, even though the initial plan to move the eyes is
quite advanced by this time.
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large lesions extending from the occipital lobe to the
medial temporal cortex and involving the thalamus and
parietal white matter (Coulthard and others 2007). The
right parietal cortex is generally thought to contribute to
the selection of visual targets for attention and action
(e.g., Andersen and Buneo 2002; Gottlieb 2002). There
has also been evidence for a role of parietal regions in
situations of response conflict, when two action plans
might be in competition (Fink and others 1999; Maclin
and others 2001; Rushworth and others 2001; Ullsperger
and von Cramon 2001). For example, Braun and others
(1992) found that patients with unilateral lesions to the
posterior parietal cortex (PPC) had difficulty making the
instructed saccade when more than one stimulus was
present. Inappropriate responses could not be inhibited
even when the patients were informed of their errors,
suggesting a critical role for the PPC in inhibiting com-
peting reflexive saccade plans.

Anderson, Husain, and Sumner (2008) examined this
issue using functional imaging while subjects made
prosaccades or antisaccades with different types of stim-
uli. During antisaccades, the “visual grasp” (to look at
the flashed stimulus) is in direct competition with the
voluntary control of gaze. Anderson and others manip-
ulated the magnitude of the visual grasp reflex by mak-
ing some stimuli visible only to shortwave sensitive
cones (S cones) and hidden from the retinotectal and
magnocellular visual pathways that are thought to
mainly drive the reflex (Rafal and others 1990; Sumner
and others 2002). Activity related to suppressing the
reflex should be less during antisaccades to S cone stimuli
compared with luminance stimuli (which do activate the
retinotectal and magnocellular pathways). Functional
imaging showed that such a pattern of activation was
displayed only in the right intraparietal sulcus, suggest-
ing that this region plays an important role in the com-
petition between stimulus-driven activity and voluntary
control of behavior.

Automatic Control

Discovering the brain areas associated with voluntary
control and inhibition of automatic activity does not
solve the difficult problem of how such inhibition may
be elicited and implemented. It is very difficult to avoid
using metaphors that effectively posit a homunculus sit-
ting in the “nerve center” of the brain receiving informa-
tion, making decisions, and initiating the suppression of
anything unwanted. Various cognitive models have
sought to encapsulate this idea with names such as cen-
tral executive or supervisory attentional system (Fig. 6),
but the fundamental problem of explaining how “volun-
tary” behavior occurs will be an enduring challenge for
neuroscientists and cognitive psychologists. One
approach to this difficulty has been to investigate what
might be achieved by purely automatic processes that
can more easily be modeled and understood.

Evidence for automatic inhibition of unconscious motor
priming has been reported in a series of experiments by
Schlaghecken and Eimer (for a review, see Eimer and

Schlaghecken 2003). In their paradigm, participants are
generally asked to make speeded button presses to leftward
or rightward pointing arrows, which are preceded by
masked primes (e.g., Fig. 5). When the interval between
prime and target is short (0–60 ms), standard positive prim-
ing effects occur, but when the prime-target interval is
longer (100–200 ms), this priming pattern tends to reverse
(Fig. 8), so that performance costs occur on compatible tri-
als and benefits on incompatible trials (a negative compati-
bility effect, NCE). Such a negative bias has been measured
with “free-choice” responses as well as speeded discrimi-
nation responses (Klapp and Haas 2005; Klapp and
Hinkley 2002; Schlaghecken and Eimer 2004), and it is
also reflected in electroencephalogram (EEG) recordings
(Eimer and Schlaghecken 1998, 2003; Praamstra and Seiss
2005).

The negative compatibility effect (NCE) has been taken
to index an automatic inhibitory mechanism that suppresses
the subthreshold motor activation evoked by the prime (Fig.
8D) (Eimer and Schlaghecken 2003; Schlaghecken and
Eimer 2006). Interestingly, recent evidence suggests that
the NCE may in turn be suppressed, causing a further rever-
sal of priming toward a positive priming effect again when
the prime-target interval is even longer (Sumner and
Brandwood in press). Such a triphasic pattern is consistent
with the view that alternating cycles of activation and inhi-
bition are inherent in the competitive interactions between
response alternatives, perhaps due to a mechanism that
detects and opposes large activation differences (Praamstra
and Seiss 2005).

This idea of automatic inhibition has been challenged,
however, and it was suggested that NCEs might result
instead from perceptual interactions between the particular
primes and masks used in these studies (Lleras and Enns
2004; Verleger and others 2004). It is generally acknowl-
edged that this criticism applied to early studies of the
NCE, but it has now been shown not to account for NCEs
measured in later studies using modified stimuli (Klapp
2005; Schlaghecken and Eimer 2006; Sumner 2007, in
press). Nevertheless, the mask stimulus may play an impor-
tant role in triggering the inhibitory effect. It is debated
whether automatic inhibition is truly “self-generated”
within the motor system or whether it is triggered by
stimuli that follow the prime (e.g., the mask)—a
“whoops response” or “emergency brake” to halt acti-
vation of the response activated by the first stimulus and
allow responses associated with new stimuli (Jaskowski
2007; Jaskowski and Przekoracka-Krawczyk 2005; Lleras
and Enns 2006).

A further point of controversy has been whether the
primes must be invisible for the NCE to occur—whether
there is any causal relationship between the absence of
awareness of the prime and the engagement of motor inhi-
bition (Eimer and Schlaghecken 2002; Jaskowski 2007;
Jaskowski and Przekoracka-Krawczyk 2005; Lleras and
Enns 2005, 2006; Sumner 2007). In fact, NCEs have been
measured with visible primes, so it appears that lack of per-
ceptual support for motor activation is not a prerequisite for
subsequent automatic inhibition (e.g., Jaskowski 2007;
Lleras and Enns 2006; Sumner and others 2006). However,
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using invisible primes does ensure that any NCE must be
generated automatically—if the participant is unaware of
the prime, he or she cannot volitionally suppress it. This
permits a distinction between higher-order executive mech-
anisms that represent volitional goals and lower-level fun-
damental mechanisms that automatically keep response
alternatives in check.

Thus, it appears that automatic mechanisms could con-
tribute to flexible voluntary behavior by rapidly halting
partial activation of strongly established condition-action
associations (or action schemas) and maintaining a level
playing field on which alternative actions can occur. On
occasions, such automatic mechanisms might appear
maladaptive, suppressing actions that are subsequently
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with the upcoming target (blue) or an incompatible prime (purple). Following a compatible prime, there is partial activa-
tion in the direction that will be eventually required (in this case, rightward), but this does not reach the motor activation
threshold. This partial activation is then automatically inhibited, which must be overcome when the target does appear
and initiates response activation. For an incompatible prime (leftward arrow in this case), initial partial activation is in the
opposite direction. This leftward activation is also automatically inhibited, creating relative facilitation for the rightward
response. Therefore, when the target occurs, relative response activation already favors the needed response, so the
motor activation threshold can be reached faster than in the compatible case, creating the NCE.
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required. But the slight delay this causes may be a small
cost relative to risking the execution of an inappropriate
action. Moreover, as outlined above, the inhibition does
not occur immediately, allowing for facilitation by the
primes as long as the same action is cued by the target at
around the same time.

Automatic Control Mediated by “Voluntary
Regions”

The brain regions crucial for implementing automatic con-
trol may be similar to those associated with voluntary con-
trol (Sumner and others 2007). We have studied two
patients with small lesions of the SMA and SEF, which, as
discussed above, have been strongly implicated in the ini-
tiation and control of voluntary limb or eye movements,
respectively. In the first patient, CB, both the SMA and
SEF were damaged in the right hemisphere (Fig. 9, upper
panels). The second patient, JR, has an even smaller lesion
to the left SEF (Fig. 7). When we tested these patients on
the masked prime task described above (e.g., Fig. 8), they
produced opposite-to-normal effects—facilitation instead
of inhibition (Fig. 9, lower panels). This occurred in an
effector-specific manner mirroring the extent of the
patients’ damage. For manual responses, only CB was
abnormal, corresponding to his damage to the SMA. For
saccadic responses, inhibition was absent in both CB and
JR, corresponding to their damage to the SEF. We also
tested aged-matched control subjects and three lesion con-
trol patients who had larger areas of damage but excluding
the SMA or SEF. All these participants showed normal
inhibition.

From this study, we concluded that specific damage to
the SMA or SEF disrupts automatic inhibition of primed
responses in the manual or saccadic domains, respectively.
Thus, automatic control appears to rely on cortical regions
that have been associated with voluntary control. Because
we have argued that automatic processes are likely to
occur during most forms of voluntary behavior, it may
prove possible to explain some of the brain activity associ-
ated with volition in terms of automatic mechanisms that
we can more easily model. At the very least, it appears that
the implementation of voluntary control and automatic
control is not clearly distinct within the brain.

Automatic but Flexible?

Automatic and unconscious mechanisms have tradition-
ally been regarded as inflexible and contrasted with flex-
ible conscious behavior (e.g., Fig. 1). However, recent
evidence has shown that nonconscious mechanisms can
be modulated both by current task goals and by attention
and therefore do not occur inflexibly regardless of con-
text. For example, masked prime stimuli do not gener-
ally cause priming unless they resemble stimuli that are
relevant for the task currently being performed (e.g.,
Enns and Oriet 2007; Kunde and others 2003; Naccache
and others 2002). For example, if the task depicted in

Figure 5 was changed so that participants must respond
to the words left and right, instead of arrows, the arrow
primes would no longer have a strong effect, if any
(Eimer and Schlaghecken 1998). This kind of evidence
has led to the concept of conditional automaticity—that
given a certain internal and external context, stimuli might
trigger motor activation automatically, but in another con-
text, they would not. For example, when driving a car, a
suddenly appearing stimulus might automatically trigger a
foot response, associated with braking in this context. But
when riding a bicycle, the same stimulus would not trigger
a foot response (which in this case might cause accelera-
tion) but would rather trigger a hand response associated
with squeezing the brakes.

Subliminal processes are also affected by attention,
despite the traditional association between attention and
consciousness. Initial suggestive evidence came from a
“blindsight” patient, GY, who, despite cortical damage
that renders him partially blind, can successfully guess
the orientation of stimuli he denies seeing. When the
location of the unseen stimulus was indicated by a pre-
ceding attentional cue, GY performed such “blind” ori-
entation discrimination faster (Kentridge and others
1999, 2004). Studies on masked priming in healthy
humans have also found that focusing attention in time
or space can modulate the effectiveness of invisible
stimuli (Lachter and others 2004; Naccache and others
2002; Schlaghecken and Eimer 2000).

One way that attention is thought to modulate the
priming effects of invisible stimuli is by boosting 
the perceptual representation of weak stimuli toward the
conscious threshold, enhancing their “perceptual
strength” (even if they still do not quite reach aware-
ness). There is also some evidence that attention may act
directly on the sensorimotor priming process, independ-
ently from the perceptual representations that support
conscious awareness. Sumner and others (2006) com-
pared the effect of attention with the effect of enhancing
the perceptual strength of the prime by increasing its
brightness or duration (Fig. 10). The attentional manip-
ulation did not mimic physical stimulus enhancement,
suggesting that attention can enhance unconscious sen-
sorimotor priming directly and not only via an effective
boosting of the prime stimulus.

Conclusion

Several lines of study show that visual stimuli can auto-
matically activate motor plans. When stimuli appear,
they attract eye movements and partially activate poten-
tial actions afforded by the object. Such automatic acti-
vations are likely to occur during most behaviors, and
although they are hidden in most of us, they can be 
dramatically revealed following brain damage (e.g.,
in patients with alien limb syndrome or utilization behav-
ior). Thus, a prerequisite for flexible behavior is the abil-
ity to deal efficiently with the competition between
different motor plans, including those automatically 
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and partially activated by objects around us. Here, both
medial frontal areas and parietal cortex appear to play
important roles. We have yet to understand these com-
plex control mechanisms, but it appears that uncon-
scious automatic inhibition may form a component part,
blurring the distinction between voluntary and automatic

control. Evidence that unconscious processes are modu-
lated by current goals and attention also challenges the
traditional view that these processes are automatic and
inflexible. Perhaps unconscious processes may not be
categorically different from flexible and controlled vol-
untary actions after all.
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Fig. 9. Absence of automatic inhibition in patients with lesions to supplementary motor area (SMA) and supplementary eye
field (SEF). This figure represents data originally reported by Sumner and others (2007). The top panel shows an MRI scan
of patient CB, with superimposed activity from fMRI in which CB moved his eyes (red-yellow, left image) or moved his fin-
gers (blue-green, right image). Thus, the lesion in the right hemisphere can be localized with respect to the functional acti-
vation of the SEF and SMA in the opposite hemisphere, and it can be seen that the lesion has affected both right SEF and
right SMA but does not extend beyond these areas. The lower panels show compatibility effects for the masked prime task
that is expected to produce automatic inhibition (Fig. 8). The control participants produced negative compatibility effects
(NCEs) for both saccadic and manual responses, but CB produced positive compatibility effects instead. Further study
showed that the NCE was absent across the whole time frame normally expected to produce it (not shown here). Patient
JR, who has an even smaller lesion thought only to affect the SEF (see Fig. 6), produced the normal effect for manual
responses but was abnormal for saccades, like CB. Thus, the inhibition seems to be effector specific. Control patients AG,
RS, and VC had far larger lesions of other frontal areas but produced the normal NCE. Overall, this study suggests that cor-
tical areas that are associated with voluntary control of actions, such as the SMA and SEF, may also be important for auto-
matic control.
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Fig. 10. Attentional modulation of unconscious priming. This figure illustrates the study of Sumner and others (2006).
The top panels depict the stimuli used in this study, in which attentional cues preceded a prime-mask-target sequence.
The task was simply to respond to the direction of the arrows (left or right) and ignore all other stimuli. The targets,
primes, and cues occurred randomly above or below fixation, and when the primes were in the cued location, priming
effects were larger, even for primes that could not be discriminated. The study then tested whether this attentional effect
on priming was explained by a perceptual enhancement of the prime stimulus or whether attention was acting more
directly on the sensorimotor priming process (independently of the perceptual strength of the stimuli). To do this, the
authors measured whether attention had the same effect on priming as physical manipulations of the prime’s duration
or brightness. Crucially, such physical manipulations of prime strength produced a characteristic biphasic priming pat-
tern, negative at lower prime strengths and positive at higher prime strengths, which allowed the investigators to clearly
distinguish between different ways attention might act. If attention were only to enhance the perceptual strength of the
prime, it would cause a shift of the priming pattern along the axis of prime strength (purple panel), so that an attended
30-ms prime would behave like an unattended 40-ms prime, for example. However, if attention can act on the priming
process independently from perceptual strength, it may simply enhance the amplitude of priming regardless of prime
strength (red panel). The results (black panels) were most consistent with the latter hypothesis, implying that attention
can act in two ways: We already assume it can enhance stimulus strength, but this study suggests it also modulates
unconscious priming more directly.

 at Oxford University Libraries on May 29, 2015nro.sagepub.comDownloaded from 

http://nro.sagepub.com/


References

Andersen RA, Buneo CA. 2002. Intentional maps in posterior parietal
cortex. Ann Rev Neurosci 25:189–220.

Anderson EJ, Husain M, Sumner P. 2008. Human intraparietal sulcus
(IPS) and competition between exogenous and endogenous sac-
cade plans. Neuroimage. doi: 10.1016/j.neuroimage.2007.10.046

Anderson SJ, Yamagishi N, Karavia V. 2002. Attentional processes
link perception and action. Proc Royal Soc Lond B 269:1225–32.

Bar M, Biederman I. 1998. Subliminal visual priming. Psychol Sci 9:
464–9.

Biran I, Chatterjee A. 2004. Alien hand syndrome. Arch Neurol
61:292–4.

Boccardi E, Della Sala S, Motto C, Spinnler H. 2002. Utilisation behav-
iour consequent to bilateral SMA softening. Cortex 38:289–308.

Braun D, Weber H, Mergner T, Schultemonting J. 1992. Saccadic 
reaction-times in patients with frontal and parietal lesions. Brain
115:1359–86.

Cisek P, Kalaska JF. 2005. Neural correlates of reaching decisions in
dorsal premotor cortex: specification of multiple direction choices
and final selection of action. Neuron 45:801–14.

Coulthard E, Rudd A, Playford ED, Husain M. 2007. Alien limb fol-
lowing posterior cerebral artery stroke: failure to recognize inter-
nally generated movements? Movement Disord 22:1498–1502.

Derbyshire N, Ellis R, Tucker M. 2006. The potentiation of two com-
ponents of the reach-to-grasp action during object categorisation in
visual memory. Acta Psychologica 122:74–98.

Eimer M, Schlaghecken F. 1998. Effects of masked stimuli on motor
activation: behavioral and electrophysiological evidence. J Exp
Psychol 24:1737–47.

Eimer M, Schlaghecken F. 2002. Links between conscious awareness
and response inhibition: evidence from masked priming.
Psychonomic Bull Rev 9:514–20.

Eimer M, Schlaghecken F. 2003. Response facilitation and inhibition
in subliminal priming. Biol Psychol 64:7–26.

Enns JT, Di Lollo V. 2000. What’s new in visual masking? Trends
Cogn Sci 4:345–52.

Enns JT, Oriet C. 2007. Visual similarity in masking and priming: the
critical role of task relevance. Adv Cogn Psychol 3:211–26.

Everling S, Munoz DP. 2000. Neuronal correlates for preparatory set
associated with pro-saccades and anti-saccades in the primate
frontal eye field. J Neurosci 20:387–400.

Fink GR, Marshall JC, Halligan PW, Frith CD, Driver J, Frackowiak
RSJ, and others. 1999. The neural consequences of conflict
between intention and the senses. Brain 122:497–512.

Forster KI, Davis C, Schoknecht C, Carter R. 1987. Masked priming
with graphemically related forms: repetition or partial activation. Q
J Exp Psychol 39:211–51.

Gibson JJ. 1979. The ecological approach to visual perception.
Boston: Houghton-Mifflin.

Gottlieb J. 2002. Parietal mechanisms of target representation. Curr
Opin Neurobiol 12:134–40.

Grezes J, Decety J. 2002. Does visual perception of object afford
action? Evidence from a neuroimaging study. Neuropsychologia
40:212–22.

Grezes J, Tucker M, Armony J, Ellis R, Passingham RE. 2003. Objects
automatically potentiate action: an fMRI study of implicit process-
ing. Eur J Neurosci 17:2735–40.

Humphreys GW, Riddoch MJ. 2000. One more cup of coffee for the
road: object-action assemblies, response blocking and response
capture after frontal lobe damage. Exp Brain Res 133:81–93.

Husain M, Parton A, Hodgson TL, Mort D, Rees G. 2003. Self-control
during response conflict by human supplementary eye field. Nat
Neurosci 6:117–8.

Jaskowski P. 2007. The effect of nonmasking distractors on the prim-
ing of motor responses. J Exp Psychol 33:456–68.

Jaskowski P, Przekoracka-Krawczyk A. 2005. On the role of mask
structure in subliminal priming. Acta Neurobiologiae Experimentalis
65:409–17.

Kentridge RW, Heywood CA, Weiskrantz L. 1999. Attention without
awareness in blindsight. Proc Biol Sci 266:1805–11.

Kentridge RW, Heywood CA, Weiskrantz L. 2004. Spatial attention speeds
discrimination without awareness in blindsight. Neuropsychologia
42:831–5.

Klapp ST. 2005. Two versions of the negative compatibility effect:
comment on Lleras and Enns (2004). J Exp Psychol 134:431–5.

Klapp ST, Haas BW. 2005. Nonconscious influence of masked stimuli
on response selection is limited to concrete stimulus-response
associations. J Exp Psychol 31:193–209.

Klapp ST, Hinkley LB. 2002. The negative compatibility effect:
unconscious inhibition influences reaction time and response
selection. J Exp Psychol 131:255–69.

Kunde W, Kiesel A, Hoffmann J. 2003. Conscious control over the
content of unconscious cognition. Cognition 88:223–42.

Lachter J, Forster KI, Ruthruff E. 2004. Forty-five years after
Broadbent (1958): still no identification without attention. Psychol
Rev 111:880–913.

Leuthold H, Kopp B. 1998. Mechanisms of priming by masked stim-
uli: inferences from event-related brain potentials. Psychol Sci
9:263–9.

Lévy-Schoen A. 1969. Détermination et latence de la réponse oculo-
motrice à deux stimulus simultanés ou successifs selon leur excen-
ticité relative. L’Anneé Psychol 69:373–92.

Lhermitte F. 1983. ‘Utilization behaviour’ and its relation to lesions of
the frontal lobes. Brain 106(pt 2):237–55.

Lleras A, Enns JT. 2004. Negative compatibility or object updating? A
cautionary tale of mask-dependent priming. J Exp Psychol
133:475–93.

Lleras A, Enns JT. 2005. Updating a cautionary tale of masked prim-
ing: reply to Klapp (2005). J Exp Psychol 134:436–40.

Lleras A, Enns JT. 2006. How much like a target can a mask be?
Geometric, spatial, and temporal similarity in priming: a reply to
Schlaghecken and Eimer (2006). J Exp Psychol 135:495–500.

Maclin EL, Gratton G, Fabiani M. 2001. Visual spatial localization
conflict: an fMRI study. Neuroreport 12:3633–6.

Marcel AJ. 1983. Conscious and unconscious perception: experiments
on visual masking and word recognition. Cogn Psychol
15:197–237.

Munoz DP, Everling S. 2004. Look away: the anti-saccade task and the
voluntary control of eye movement. Nat Rev Neurosci 5:218–28.

Murray R, Neumann M, Forman MS, Farmer J, Massimo L, Rice A,
and others. 2007. Cognitive and motor assessment in autopsy-
proven corticobasal degeneration. Neurology 68:1274–83.

Naccache L, Blandin E, Dehaene S. 2002. Unconscious masked prim-
ing depends on temporal attention. Psychol Sci 13:416–24.

Neumann O, Klotz W. 1994. Motor-responses to nonreportable,
masked stimuli: where is the limit of direct parameter specifica-
tion? In: Umiltà C, Moscovitch M, editors. Attention and perform-
ance XV: conscious and nonconscious information processing.
Cambridge, MA: MIT Press. p 123–50.

Norman DA, Shallice T. 1980. Attention to action: willed and automatic-
control of behavior. CHIP report 99. San Diego: University of
California, San Diego.

Norman DA, Shallice T. 1986. Attention to action: willed and auto-
matic control of behavior. In: Davidson R, Schwartz G, Shapiro D,
editors. Consciousness and self regulation: advances in research
and theory. New York: Plenum. p 1–18.

Ogmen H, Breitmeyer BG, editors. 2006. The first half second: the
microgenesis and temporal dynamics of unconscious and con-
scious visual processes. Cambridge, MA: MIT Press.

Parton A, Nachev P, Hodgson TL, Mort D, Thomas D, Ordidge R,
and others. 2007. Role of the human supplementary eye field in 
the control of saccadic eye movements. Neuropsychologia 45:
997–1008.

Passingham R. 1993. The frontal lobes and voluntary action. Oxford,
UK: Oxford University Press.

Paus T, Kalina M, Patockova L, Angerova Y, Cerny R, Mecir P, and
others. 1991. Medial vs lateral frontal lobe lesions and differential
impairment of central-gaze fixation maintenance in man. Brain
114(pt 5):2051–67.

Praamstra P, Seiss E. 2005. The neurophysiology of response compe-
tition: motor cortex activation and inhibition following subliminal
response priming. J Cogn Neurosci 17:483–93.

Rafal RD, Smith J, Krantz J, Cohen A, Brennan C. 1990. Extrageniculate
vision in hemianopic humans: saccade inhibition by signals in the
blind field. Science 250:118–21.

Riddoch MJ, Edwards MG, Humphreys GW, West R, Heafield T.
1998. An experimental study of anarchic hand syndrome: evidence

12 THE NEUROSCIENTIST Automatic Motor Activation and Control

 at Oxford University Libraries on May 29, 2015nro.sagepub.comDownloaded from 

http://nro.sagepub.com/


that visual affordances direct action. Cogn Neuropsychol 15:
645–83.

Rushworth MF, Paus T, Sipila PK. 2001. Attention systems and the
organization of the human parietal cortex. J Neurosci 21:5262–71.

Schlaghecken F, Eimer M. 2000. A central-peripheral asymmetry in
masked priming. Perception Psychophys 62:1367–82.

Schlaghecken F, Eimer M. 2004. Masked prime stimuli can bias “free”
choices between response alternatives. Psychonomic Bull Rev
11:463–8.

Schlaghecken F, Eimer M. 2006. Active masks and active inhibition: a com-
ment on Lleras and Enns (2004) and on Verleger, Jaskowski, Aydemir,
van der Lubbe, and Groen (2004). J Exp Psychol 135:484–94.

Sumner P. 2007. Negative and positive masked-priming: implications
for motor inhibition. Adv Cogn Psychol 3:317–26.

Sumner P. In press. Mask-induced priming and the negative compati-
bility effect. Exp Psychol.

Sumner P, Adamjee T, Mollon JD. 2002. Signals invisible to the collic-
ular and magnocellular pathways can capture visual attention. Curr
Biol 12:1312–6.

Sumner P, Brandwood T. In press. Oscillations in motor priming: pos-
itive rebound follows inhibitory phase in the masked prime para-
digm. J Motor Behav.

Sumner P, Nachev P, Morris P, Jackson SR, Kennard C, Husain M.
2007. Human medial frontal cortex mediates unconscious
inhibition of voluntary action. Neuron 54:697–711.

Sumner P, Tsai P-C, Yu K, Nachev P. 2006. Attentional modulation of
sensorimotor processes in the absence of perceptual awareness.
Proc Natl Acad Sci USA 103:10520–5.

Thaler D, Chen YC, Nixon PD, Stern CE, Passingham RE. 1995. The
functions of the medial premotor cortex: I. Simple learned move-
ments. Exp Brain Res 102:445–60.

Theeuwes J, Kramer AF, Hahn S, Irwin DE. 1998. Our eyes do not always
go where we want them to go: capture of the eyes by new objects.
Psychol Sci 9:379–85.

Tucker M, Ellis R. 1998. On the relations between seen objects and
components of potential actions. J Exp Psychol 24:830–46.

Tucker M, Ellis R. 2004. Action priming by briefly presented objects.
Acta Psychol (Amst) 116:185–203.

Ullsperger M, von Cramon DY. 2001. Subprocesses of performance
monitoring: a dissociation of error processing and response com-
petition revealed by event-related fMRI and ERPs. Neuroimage
14:1387–401.

Vainio L, Ellis R, Tucker M. 2007. The role of visual attention in
action priming. Q J Exp Psychol 60:241–61.

Verleger R, Jaskowski P, Aydemir A, van der Lubbe RH, Groen M.
2004. Qualitative differences between conscious and nonconscious
processing? On inverse priming induced by masked arrows. J Exp
Psychol 133:494–515.

Walker R, Mannan S, Maurer D, Pambakian ALM, Kennard C. 2000.
The oculomotor distractor effect in normal and hemianopic vision.
Proc Royal Soc Lond B 267:431–8.

Wallace RJ. 1971. S–R compatibility and the idea of a response code.
J Exp Psychol 88:354–60.

Volume XX, Number X, XXXX THE NEUROSCIENTIST 13

 at Oxford University Libraries on May 29, 2015nro.sagepub.comDownloaded from 

http://nro.sagepub.com/


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize false
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
    /ACaslon-Ornaments
    /AGaramond-BoldScaps
    /AGaramond-Italic
    /AGaramond-Regular
    /AGaramond-RomanScaps
    /AGaramond-Semibold
    /AGaramond-SemiboldItalic
    /AGar-Special
    /AkzidenzGroteskBE-Bold
    /AkzidenzGroteskBE-BoldIt
    /AkzidenzGroteskBE-It
    /AkzidenzGroteskBE-Light
    /AkzidenzGroteskBE-LightOsF
    /AkzidenzGroteskBE-Md
    /AkzidenzGroteskBE-MdIt
    /AkzidenzGroteskBE-Regular
    /AkzidenzGroteskBE-Super
    /AlbertusMT
    /AlbertusMT-Italic
    /AlbertusMT-Light
    /Aldine401BT-BoldA
    /Aldine401BT-BoldItalicA
    /Aldine401BT-ItalicA
    /Aldine401BT-RomanA
    /Aldine401BTSPL-RomanA
    /Aldine721BT-Bold
    /Aldine721BT-BoldItalic
    /Aldine721BT-Italic
    /Aldine721BT-Light
    /Aldine721BT-LightItalic
    /Aldine721BT-Roman
    /Aldus-Italic
    /Aldus-Roman
    /AlternateGothicNo2BT-Regular
    /Anna
    /AntiqueOlive-Bold
    /AntiqueOlive-Compact
    /AntiqueOlive-Italic
    /AntiqueOlive-Roman
    /Arcadia
    /Arcadia-A
    /Arkona-Medium
    /Arkona-Regular
    /AssemblyLightSSK
    /AvantGarde-Book
    /AvantGarde-BookOblique
    /AvantGarde-Demi
    /AvantGarde-DemiOblique
    /BakerSignetBT-Roman
    /BaskervilleBE-Italic
    /BaskervilleBE-Medium
    /BaskervilleBE-MediumItalic
    /BaskervilleBE-Regular
    /BaskervilleBook-Italic
    /BaskervilleBook-MedItalic
    /BaskervilleBook-Medium
    /BaskervilleBook-Regular
    /BaskervilleBT-Bold
    /BaskervilleBT-BoldItalic
    /BaskervilleBT-Italic
    /BaskervilleBT-Roman
    /BaskervilleMT
    /BaskervilleMT-Bold
    /BaskervilleMT-BoldItalic
    /BaskervilleMT-Italic
    /BaskervilleMT-SemiBold
    /BaskervilleMT-SemiBoldItalic
    /BaskervilleNo2BT-Bold
    /BaskervilleNo2BT-BoldItalic
    /BaskervilleNo2BT-Italic
    /BaskervilleNo2BT-Roman
    /Bauhaus-Bold
    /Bauhaus-Demi
    /Bauhaus-Heavy
    /BauhausITCbyBT-Bold
    /BauhausITCbyBT-Medium
    /Bauhaus-Light
    /Bauhaus-Medium
    /BellCentennial-Address
    /BellGothic-Black
    /BellGothic-Bold
    /Bell-GothicBoldItalicBT
    /BellGothicBT-Bold
    /BellGothicBT-Roman
    /BellGothic-Light
    /Bembo
    /Bembo-Bold
    /Bembo-BoldExpert
    /Bembo-BoldItalic
    /Bembo-BoldItalicExpert
    /Bembo-Expert
    /Bembo-ExtraBoldItalic
    /Bembo-Italic
    /Bembo-ItalicExpert
    /Bembo-Semibold
    /Bembo-SemiboldItalic
    /Berkeley-Black
    /Berkeley-BlackItalic
    /Berkeley-Bold
    /Berkeley-BoldItalic
    /Berkeley-Book
    /Berkeley-BookItalic
    /Berkeley-Italic
    /Berkeley-Medium
    /Berling-Bold
    /Berling-BoldItalic
    /Berling-Italic
    /Berling-Roman
    /BernhardModernBT-Bold
    /BernhardModernBT-BoldItalic
    /BernhardModernBT-Italic
    /BernhardModernBT-Roman
    /Bodoni
    /Bodoni-Bold
    /Bodoni-BoldItalic
    /Bodoni-Italic
    /Bodoni-Poster
    /Bodoni-PosterCompressed
    /Bookman-Demi
    /Bookman-DemiItalic
    /Bookman-Light
    /Bookman-LightItalic
    /Boton-Italic
    /Boton-Medium
    /Boton-MediumItalic
    /Boton-Regular
    /Boulevard
    /BremenBT-Black
    /BremenBT-Bold
    /CaflischScript-Bold
    /CaflischScript-Regular
    /Carta
    /Caslon224ITCbyBT-Bold
    /Caslon224ITCbyBT-BoldItalic
    /Caslon224ITCbyBT-Book
    /Caslon224ITCbyBT-BookItalic
    /Caslon540BT-Italic
    /Caslon540BT-Roman
    /CaslonBT-Bold
    /CaslonBT-BoldItalic
    /CaslonTwoTwentyFour-Black
    /CaslonTwoTwentyFour-BlackIt
    /CaslonTwoTwentyFour-Bold
    /CaslonTwoTwentyFour-BoldIt
    /CaslonTwoTwentyFour-Book
    /CaslonTwoTwentyFour-BookIt
    /CaslonTwoTwentyFour-Medium
    /CaslonTwoTwentyFour-MediumIt
    /CastleT-Bold
    /CastleT-Book
    /Caxton-Bold
    /Caxton-BoldItalic
    /Caxton-Book
    /Caxton-BookItalic
    /Caxton-Light
    /Caxton-LightItalic
    /CelestiaAntiqua-Ornaments
    /Centennial-BlackItalicOsF
    /Centennial-BlackOsF
    /Centennial-BoldItalicOsF
    /Centennial-BoldOsF
    /Centennial-ItalicOsF
    /Centennial-LightItalicOsF
    /Centennial-LightSC
    /Centennial-RomanSC
    /CenturyOldStyle-Bold
    /CenturyOldStyle-Italic
    /CenturyOldStyle-Regular
    /CheltenhamBT-Bold
    /CheltenhamBT-BoldItalic
    /CheltenhamBT-Italic
    /CheltenhamBT-Roman
    /Christiana-Bold
    /Christiana-BoldItalic
    /Christiana-Italic
    /Christiana-Medium
    /Christiana-MediumItalic
    /Christiana-Regular
    /Christiana-RegularExpert
    /Christiana-RegularSC
    /Clarendon
    /Clarendon-Bold
    /Clarendon-Light
    /ClassicalGaramondBT-Bold
    /ClassicalGaramondBT-BoldItalic
    /ClassicalGaramondBT-Italic
    /ClassicalGaramondBT-Roman
    /CMTI10
    /CommonBullets
    /ConduitITC-Bold
    /ConduitITC-BoldItalic
    /ConduitITC-Light
    /ConduitITC-LightItalic
    /ConduitITC-Medium
    /ConduitITC-MediumItalic
    /CooperBlack
    /CooperBlack-Italic
    /CopperplateGothicBT-Bold
    /CopperplateGothicBT-BoldCond
    /CopperplateGothicBT-Heavy
    /CopperplateGothicBT-Roman
    /CopperplateGothicBT-RomanCond
    /Copperplate-ThirtyThreeBC
    /Copperplate-ThirtyTwoBC
    /Coronet-Regular
    /Courier
    /Courier-Bold
    /Courier-BoldOblique
    /Courier-Oblique
    /Critter
    /CS-Special-font
    /DextorD
    /DextorOutD
    /DidotLH-OrnamentsOne
    /DidotLH-OrnamentsTwo
    /DINEngschrift
    /DINEngschrift-Alternate
    /DINMittelschrift
    /DINMittelschrift-Alternate
    /DINNeuzeitGrotesk-BoldCond
    /DINNeuzeitGrotesk-Light
    /Dom-CasItalic
    /Dom-CasualBT
    /Ehrhard-Italic
    /Ehrhard-Regular
    /EhrhardSemi-Italic
    /EhrhardtMT
    /EhrhardtMT-Italic
    /EhrhardtMT-SemiBold
    /EhrhardtMT-SemiBoldItalic
    /EhrharSemi
    /ElectraLH-Bold
    /ElectraLH-BoldCursive
    /ElectraLH-Cursive
    /ElectraLH-Regular
    /EnglischeSchT-Bold
    /EnglischeSchT-Regu
    /ErasContour
    /ErasITCbyBT-Bold
    /ErasITCbyBT-Book
    /ErasITCbyBT-Demi
    /ErasITCbyBT-Light
    /ErasITCbyBT-Medium
    /ErasITCbyBT-Ultra
    /EUEX10
    /EUFB10
    /EUFB5
    /EUFB7
    /EUFM10
    /EUFM5
    /EUFM7
    /EURB10
    /EURB5
    /EURB7
    /EURM10
    /EURM5
    /EURM7
    /EuropeanPi-Four
    /EuropeanPi-One
    /EuropeanPi-Three
    /EuropeanPi-Two
    /Eurostile
    /Eurostile-Bold
    /Eurostile-BoldExtendedTwo
    /Eurostile-ExtendedTwo
    /EUSB10
    /EUSB5
    /EUSB7
    /EUSM10
    /EUSM5
    /EUSM7
    /ExPonto-Regular
    /Fenice-Bold
    /Fenice-BoldOblique
    /FeniceITCbyBT-Bold
    /FeniceITCbyBT-BoldItalic
    /FeniceITCbyBT-Regular
    /FeniceITCbyBT-RegularItalic
    /Fenice-Light
    /Fenice-LightOblique
    /Fenice-Regular
    /Fenice-RegularOblique
    /Fenice-Ultra
    /Fenice-UltraOblique
    /FlashD-Ligh
    /Folio-Bold
    /Folio-BoldCondensed
    /Folio-ExtraBold
    /Folio-Light
    /Folio-Medium
    /FontanaNDEeOsF
    /FontanaNDEeOsF-Semibold
    /FormalScript421BT-Regular
    /Formata-Bold
    /Formata-MediumCondensed
    /FournierMT-Ornaments
    /FrakturBT-Regular
    /FranklinGothic-Book
    /FranklinGothic-BookItal
    /FranklinGothic-BookOblique
    /FranklinGothic-Condensed
    /FranklinGothic-Demi
    /FranklinGothic-DemiItal
    /FranklinGothic-DemiOblique
    /FranklinGothic-Heavy
    /FranklinGothic-HeavyItal
    /FranklinGothic-HeavyOblique
    /FranklinGothic-Medium
    /FranklinGothic-MediumItal
    /FranklinGothic-Roman
    /FrizQuadrataITCbyBT-Bold
    /FrizQuadrataITCbyBT-Roman
    /Frutiger-Black
    /Frutiger-BlackCn
    /Frutiger-BlackItalic
    /Frutiger-Bold
    /Frutiger-BoldCn
    /Frutiger-BoldItalic
    /Frutiger-Cn
    /Frutiger-ExtraBlackCn
    /Frutiger-Italic
    /Frutiger-Light
    /Frutiger-LightCn
    /Frutiger-LightItalic
    /Frutiger-Roman
    /Frutiger-UltraBlack
    /Futura
    /FuturaBlackBT-Regular
    /Futura-Bold
    /Futura-BoldOblique
    /Futura-Book
    /Futura-BookOblique
    /FuturaBT-Bold
    /FuturaBT-BoldCondensed
    /FuturaBT-BoldCondensedItalic
    /FuturaBT-BoldItalic
    /FuturaBT-Book
    /FuturaBT-BookItalic
    /FuturaBT-ExtraBlack
    /FuturaBT-ExtraBlackCondensed
    /FuturaBT-ExtraBlackCondItalic
    /FuturaBT-ExtraBlackItalic
    /FuturaBT-Heavy
    /FuturaBT-HeavyItalic
    /FuturaBT-Light
    /FuturaBT-LightCondensed
    /FuturaBT-LightItalic
    /FuturaBT-Medium
    /FuturaBT-MediumCondensed
    /FuturaBT-MediumItalic
    /Futura-ExtraBold
    /Futura-ExtraBoldOblique
    /Futura-Heavy
    /Futura-HeavyOblique
    /Futura-Light
    /Futura-LightOblique
    /Futura-Oblique
    /GalliardITCbyBT-Italic
    /GalliardITCbyBT-Roman
    /Garamond-Antiqua
    /Garamond-BoldCondensed
    /Garamond-BoldCondensedItalic
    /Garamond-BookCondensed
    /Garamond-BookCondensedItalic
    /Garamond-Halbfett
    /GaramondITCbyBT-Bold
    /GaramondITCbyBT-BoldCondensed
    /GaramondITCbyBT-BoldCondItalic
    /GaramondITCbyBT-BoldItalic
    /GaramondITCbyBT-BoldNarrow
    /GaramondITCbyBT-BoldNarrowItal
    /GaramondITCbyBT-Book
    /GaramondITCbyBT-BookCondensed
    /GaramondITCbyBT-BookCondItalic
    /GaramondITCbyBT-BookItalic
    /GaramondITCbyBT-Light
    /GaramondITCbyBT-LightCondensed
    /GaramondITCbyBT-LightCondItalic
    /GaramondITCbyBT-LightItalic
    /GaramondITCbyBT-LightNarrow
    /GaramondITCbyBT-LightNarrowItal
    /GaramondITCbyBT-Ultra
    /GaramondITCbyBT-UltraCondensed
    /GaramondITCbyBT-UltraCondItalic
    /GaramondITCbyBT-UltraItalic
    /Garamond-Kursiv
    /Garamond-KursivHalbfett
    /Garamond-LightCondensed
    /Garamond-LightCondensedItalic
    /GaramondThree
    /GaramondThree-Bold
    /GaramondThree-BoldItalic
    /GaramondThree-Italic
    /GaramondThreeSMSspl
    /GaramondThreespl
    /GaramondThreeSpl-Bold
    /GaramondThreeSpl-Italic
    /GarthGraphic
    /GarthGraphic-Black
    /GarthGraphic-Bold
    /GarthGraphic-BoldCondensed
    /GarthGraphic-BoldItalic
    /GarthGraphic-Condensed
    /GarthGraphic-ExtraBold
    /GarthGraphic-Italic
    /Geometric231BT-HeavyC
    /GeometricSlab712BT-BoldA
    /GeometricSlab712BT-ExtraBoldA
    /GeometricSlab712BT-LightA
    /GeometricSlab712BT-LightItalicA
    /GeometricSlab712BT-MediumA
    /GeometricSlab712BT-MediumItalA
    /Giddyup
    /Giddyup-Thangs
    /GillSans
    /GillSans-Bold
    /GillSans-BoldCondensed
    /GillSans-BoldItalic
    /GillSans-Condensed
    /GillSans-ExtraBold
    /GillSans-Italic
    /GillSans-Light
    /GillSans-LightItalic
    /GillSans-UltraBold
    /GillSans-UltraBoldCondensed
    /Gill-Special
    /Giovanni-Bold
    /Giovanni-BoldItalic
    /Giovanni-Book
    /Giovanni-BookItalic
    /Glypha
    /Glypha-Bold
    /Glypha-BoldOblique
    /Glypha-Oblique
    /Goudy
    /Goudy-Bold
    /Goudy-BoldItalic
    /Goudy-ExtraBold
    /Goudy-Italic
    /GoudyOldStyleBT-Bold
    /GoudyOldStyleBT-BoldItalic
    /GoudyOldStyleBT-ExtraBold
    /GoudyOldStyleBT-Italic
    /GoudyOldStyleBT-Roman
    /GoudySans-Bold
    /GoudySans-BoldItalic
    /GoudySansITCbyBT-Bold
    /GoudySansITCbyBT-BoldItalic
    /GoudySansITCbyBT-Medium
    /GoudySansITCbyBT-MediumItalic
    /GoudySans-Medium
    /GoudySans-MediumItalic
    /Granjon
    /Granjon-Bold
    /Granjon-BoldOsF
    /Granjon-Italic
    /Granjon-ItalicOsF
    /Granjon-SC
    /GreymantleMVB-Ornaments
    /Helvetica
    /Helvetica-Black
    /Helvetica-BlackOblique
    /Helvetica-Black-SemiBold
    /Helvetica-Bold
    /Helvetica-BoldOblique
    /Helvetica-Condensed
    /Helvetica-Condensed-Black
    /Helvetica-Condensed-BlackObl
    /Helvetica-Condensed-Bold
    /Helvetica-Condensed-BoldObl
    /Helvetica-Condensed-Light
    /Helvetica-Condensed-LightObl
    /Helvetica-Condensed-Oblique
    /Helvetica-Light
    /Helvetica-LightOblique
    /Helvetica-Narrow
    /Helvetica-Narrow-Bold
    /Helvetica-Narrow-BoldOblique
    /Helvetica-Narrow-Oblique
    /HelveticaNeue-BlackCond
    /HelveticaNeue-BlackCondObl
    /HelveticaNeue-Bold
    /HelveticaNeue-BoldCond
    /HelveticaNeue-BoldCondObl
    /HelveticaNeue-BoldExt
    /HelveticaNeue-BoldExtObl
    /HelveticaNeue-BoldItalic
    /HelveticaNeue-Condensed
    /HelveticaNeue-CondensedObl
    /HelveticaNeue-ExtBlackCond
    /HelveticaNeue-ExtBlackCondObl
    /HelveticaNeue-Extended
    /HelveticaNeue-ExtendedObl
    /HelveticaNeue-Heavy
    /HelveticaNeue-HeavyCond
    /HelveticaNeue-HeavyCondObl
    /HelveticaNeue-HeavyExt
    /HelveticaNeue-HeavyExtObl
    /HelveticaNeue-HeavyItalic
    /HelveticaNeue-Italic
    /HelveticaNeue-Light
    /HelveticaNeue-LightCond
    /HelveticaNeue-LightCondObl
    /HelveticaNeue-LightItalic
    /HelveticaNeueLTStd-Md
    /HelveticaNeueLTStd-MdIt
    /HelveticaNeue-Medium
    /HelveticaNeue-MediumCond
    /HelveticaNeue-MediumCondObl
    /HelveticaNeue-MediumExt
    /HelveticaNeue-MediumExtObl
    /HelveticaNeue-MediumItalic
    /HelveticaNeue-Roman
    /HelveticaNeue-ThinCond
    /HelveticaNeue-ThinCondObl
    /HelveticaNeue-UltraLigCond
    /HelveticaNeue-UltraLigCondObl
    /Helvetica-Oblique
    /HelvLight
    /Humanist521BT-Bold
    /Humanist521BT-BoldCondensed
    /Humanist521BT-BoldItalic
    /Humanist521BT-ExtraBold
    /Humanist521BT-Italic
    /Humanist521BT-Light
    /Humanist521BT-LightItalic
    /Humanist521BT-Roman
    /Humanist521BT-RomanCondensed
    /Humanist521BT-UltraBold
    /Humanist521BT-XtraBoldCondensed
    /Humanist777BT-BlackB
    /Humanist777BT-BlackItalicB
    /Humanist777BT-BoldB
    /Humanist777BT-BoldItalicB
    /Humanist777BT-ItalicB
    /Humanist777BT-LightB
    /Humanist777BT-LightItalicB
    /Humanist777BT-RomanB
    /ICMEX10
    /ICMMI8
    /ICMSY8
    /ICMTT8
    /ILASY8
    /ILCMSS8
    /ILCMSSB8
    /ILCMSSI8
    /Imago-Book
    /Imago-BookItalic
    /Imago-ExtraBold
    /Imago-ExtraBoldItalic
    /Imago-Medium
    /Imago-MediumItalic
    /Industria-Inline
    /Industria-InlineA
    /Industria-Solid
    /Industria-SolidA
    /Insignia
    /Insignia-A
    /IPAExtras
    /IPAHighLow
    /IPAKiel
    /IPAKielSeven
    /IPAsans
    /JoannaMT
    /JoannaMT-Bold
    /JoannaMT-BoldItalic
    /JoannaMT-Italic
    /KlangMT
    /Kuenstler480BT-Black
    /Kuenstler480BT-Bold
    /Kuenstler480BT-BoldItalic
    /Kuenstler480BT-Italic
    /Kuenstler480BT-Roman
    /KunstlerschreibschD-Bold
    /KunstlerschreibschD-Medi
    /Lapidary333BT-Black
    /Lapidary333BT-Bold
    /Lapidary333BT-BoldItalic
    /Lapidary333BT-Italic
    /Lapidary333BT-Roman
    /LASY10
    /LASY5
    /LASY6
    /LASY7
    /LASY8
    /LASY9
    /LASYB10
    /LatinMT-Condensed
    /LCIRCLE10
    /LCIRCLEW10
    /LCMSS8
    /LCMSSB8
    /LCMSSI8
    /LDecorationPi-One
    /LDecorationPi-Two
    /Leawood-Black
    /Leawood-BlackItalic
    /Leawood-Bold
    /Leawood-BoldItalic
    /Leawood-Book
    /Leawood-BookItalic
    /Leawood-Medium
    /Leawood-MediumItalic
    /LegacySans-Bold
    /LegacySans-BoldItalic
    /LegacySans-Book
    /LegacySans-BookItalic
    /LegacySans-Medium
    /LegacySans-MediumItalic
    /LegacySans-Ultra
    /LegacySerif-Bold
    /LegacySerif-BoldItalic
    /LegacySerif-Book
    /LegacySerif-BookItalic
    /LegacySerif-Medium
    /LegacySerif-MediumItalic
    /LegacySerif-Ultra
    /LetterGothic
    /LetterGothic-Bold
    /LetterGothic-BoldSlanted
    /LetterGothic-Slanted
    /Life-Bold
    /Life-Italic
    /Life-Roman
    /LINE10
    /LINEW10
    /Lithos-Black
    /Lithos-Regular
    /LOGO10
    /LOGO8
    /LOGO9
    /LOGOBF10
    /LOGOSL10
    /LOMD-Normal
    /LubalinGraph-Book
    /LubalinGraph-BookOblique
    /LubalinGraph-Demi
    /LubalinGraph-DemiOblique
    /LucidaMath-Symbol
    /LydianBT-Bold
    /LydianBT-BoldItalic
    /LydianBT-Italic
    /LydianBT-Roman
    /LydianCursiveBT-Regular
    /Marigold
    /MathematicalPi-Five
    /MathematicalPi-Four
    /MathematicalPi-One
    /MathematicalPi-Six
    /MathematicalPi-Three
    /MathematicalPi-Two
    /Melior
    /Melior-Bold
    /Melior-BoldItalic
    /Melior-Italic
    /MercuriusCT-Black
    /MercuriusCT-BlackItalic
    /MercuriusCT-Light
    /MercuriusCT-LightItalic
    /MercuriusCT-Medium
    /MercuriusCT-MediumItalic
    /MercuriusMT-BoldScript
    /Meridien-Medium
    /Meridien-MediumItalic
    /Meridien-Roman
    /Minion-Black
    /Minion-Bold
    /Minion-BoldCondensed
    /Minion-BoldCondensedItalic
    /Minion-BoldItalic
    /Minion-Condensed
    /Minion-CondensedItalic
    /MinionExp-Italic
    /MinionExp-Semibold
    /MinionExp-SemiboldItalic
    /Minion-Italic
    /Minion-Ornaments
    /Minion-Regular
    /Minion-Semibold
    /Minion-SemiboldItalic
    /MonaLisa-Recut
    /MSAM10
    /MSAM10A
    /MSAM5
    /MSAM6
    /MSAM7
    /MSAM8
    /MSAM9
    /MSBM10
    /MSBM10A
    /MSBM5
    /MSBM6
    /MSBM7
    /MSBM8
    /MSBM9
    /MTEX
    /MTEXB
    /MTEXH
    /MTGU
    /MTGUB
    /MTMI
    /MTMIB
    /MTMIH
    /MTMS
    /MTMSB
    /MTMUB
    /MTMUH
    /MTSY
    /MTSYB
    /MTSYH
    /MTSYN
    /MusicalSymbols-Normal
    /Myriad-Bold
    /Myriad-BoldItalic
    /Myriad-CnBold
    /Myriad-CnBoldItalic
    /Myriad-CnItalic
    /Myriad-CnSemibold
    /Myriad-CnSemiboldItalic
    /Myriad-Condensed
    /Myriad-Italic
    /Myriad-Roman
    /Myriad-Sketch
    /Myriad-Tilt
    /NeuzeitS-Book
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox false
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (U.S. Web Coated \050SWOP\051 v2)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /CreateJDFFile false
  /SyntheticBoldness 1.000000
  /Description <<
    /FRA <>
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308000200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e30593002537052376642306e753b8cea3092670059279650306b4fdd306430533068304c3067304d307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
    /ENU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


