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ABSTRACT

In masked priming, a briefly presented prime
stimulus is followed by a mask, which in turn is
followed by the task-relevant target. Under certain
conditions, negative compatibility effects (NCEs)
occur, with impaired performance on compatible
trials (where prime and target indicate the same
response) relative to incompatible trials (where
they indicate opposite responses). However, the
exact boundary conditions of NCEs, and hence the
functional significance of this effect, are still under

discussion. In particular, it has been argued that
the NCE might be a stimulus-specific phenomenon
of little general interest. This paper presents new
findings indicating that the NCE can be obtained
under a wider variety of conditions, suggesting
that it reflects more general processes in motor
control. In addition, evidence is provided suggest-
ing that prime identification levels in forced choice
tasks - usually employed to estimate prime visibil-
ity in masked prime tasks - are affected by prior
experience with the prime (Exp. 1) as well as by
direct motor priming (Exp. 2 & 3).

INTRODUCTION

For any complex organism, the successful control of
behaviour requires the ability to quickly detect po-
tentially relevant changes in the environment, and to
adjust ongoing motor processes in response to these
changes. These fast and usually small-scale modifica-
tions are generally assumed to be ‘automatic’ (i.e.,
independent of online intentional or top-down control),
because they will be elicited a) even by response-irrel-
evant stimuli or stimulus features, and b) even when
they are detrimental to the current behavioural goals.
For example, in the Erikson flanker task, behavioural
and electrophysiological evidence indicates that once
the required stimulus-response mappings have been
established, motor activation is not only triggered by
the response-relevant central target stimulus, but also
by the response-irrelevant flanking distractor stimuli
(e.g., Smid, Mulder, & Mulder, 1990). If these flankers
indicate a different response than the target (e.g., if
the target requires a left-hand response, but the flank-
ing stimuli are associated with a right-hand response),

then a response conflict results, which will increase
reaction times (RTs) and error rates.

This might suggest that such automatic response
activations are generally disadvantageous and should
be suppressed at all costs - however, we need to
keep in mind that the flanker task and similar ex-
perimental paradigms represent highly artificial situ-
ations in that the response-relevant and -irrelevant
stimuli are always defined in advance (e.g., via
their spatial location). In a natural environment, in
contrast, every stimulus is potentially response rel-
evant and thus should be given access to the motor
system. Obviously, though, even in a natural envi-
ronment not all stimuli do, in fact, require an overt
response. Consequently, control mechanisms need to
be in place to ensure that behavioural modifications
remain in line with the overall behavioural goals.
Such control mechanisms have traditionally been
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regarded as ‘voluntary,’ ‘top-down,” or ‘goal-driven’
(as opposed to the initial ‘involuntary,” ‘bottom-up,” or
‘stimulus-driven’ motor activation), or in other words,
as ‘controlled’ as opposed to ‘automatic’ (e.g., Band
& van Boxtel, 1999). However, these distinctions are
far less clear-cut than one might expect - after all,
provided that we do not wish to invoke the notion of
a ‘homunculus’ in the brain, even the most high-level
control functions have to be instantiated by automatic
neural processes (for a recent discussion of these is-
sues, see, e.g., Hommel, 2007).

The masked prime paradigm has been used to di-
rectly investigate such ‘automatic control.” In a typical
task, a briefly presented prime stimulus is followed by
a mask, which in turn is followed by the task-relevant
target stimulus. On any given trial, the prime might
be a stimulus associated with the same response as
the subsequent target (compatible trial), a stimulus
associated with the opposite response (incompatible
trial), or a stimulus not associated with any response
at all (neutral trial). Although the prime might remain
below the observer’s threshold of conscious percep-
tion due to its brief presentation and subsequent
masking, it can nevertheless trigger an activation of
its corresponding motor response, as evidenced by
electrophysiological and haemodynamic measures
(e.g., Dehaene et al.,, 1998; Eimer, 1999; Eimer &
Schlaghecken, 1998; Leuthold & Kopp, 1998). If
motor activation in response to the target occurs
while the prime-induced activity present,
then this will result in positive compatibility effects
(PCEs) with behavioural benefits on compatible and
costs on incompatible trials relative to neutral trials
(e.g., Aron et al., 2003; Dehaene et al., 1998; Eimer,
1999; Schlaghecken & Eimer, 1997, 2000; Seiss &
Praamstra, 2004). However, if motor activation in
response to the target occurs later, then the reverse
pattern is observed, that is, negative compatibility
effects (NCEs) with behavioural benefits on incom-
patible trials and costs on compatible trials relative
to neutral trials occur (e.g., Aron et al., 2003; Eimer,
1999; Klapp & Haas, 2005; Klapp & Hinkley, 2002;
Lingnau & Vorberg, 2005; Schlaghecken & Eimer,
1997, 2000, 2002, 2006).

We have argued that this latter effect reflects a
low-level and automatic process of inhibitory mo-
tor control (Schlaghecken, Bowman, & Eimer, 2006;
Schlaghecken & Eimer, 2002, 2006), which acts as
an ‘emergency brake’ mechanism to stop early mo-
tor activations that are no longer supported by sen-
sory evidence from affecting overt motor output.
According to this view, early stages of the motor sys-

is still

tem employ an opponent processing design, whereby
stimulus-induced activity in a response channel’s ‘on
node’ results in correspondingly increased activity in
its inhibitory ‘off node.” As long as on-node activity
remains supported by sensory input, off-node activity
will be counterbalanced and thus will be of no conse-
quence. If, however, on-node activity suddenly loses
its supporting sensory input, then off-node activity
might ‘take over’ and rapidly inhibit the initially ac-
tivated response (reflected in behavioural costs on
compatible trials). In a two-alternative choice RT
task, this inhibition of one response alternative will
cause disinhibition of the opposite alternative, re-
sulting in behavioural benefits on incompatible trials
(Schlaghecken et al., 2006).

This concept of low-level motor self-inhibition
is theoretically interesting insofar as it represents
an example of a complex inhibitory control process
that is entirely automatic (i.e., not top-down driven
by central executive mechanisms in the prefrontal
lobes, which are traditionally assumed to mediate
inhibitory control; see Band & van Boxtel, 1999;
Faw, 2003). However, the exact conditions required
to obtain NCEs, and hence the functional significance
of this effect, are still under discussion. For instance,
Lleras and Enns (2004) and Verleger, Jaskowski,
Aydemir, van der Lubbe, and Groen (2004) have
argued that the NCE does not reflect low-level and
automatic self-inhibition, but rather a mask-induced
activation of the opposite response. Empirically, this
hypothesis is based on the observation that in a
typical masked prime study, primes and targets are
directional arrow stimuli presented at fixation, and
masks are constructed from potentially task-rele-
vant elements (e.g., diagonal lines). Lleras and Enns
and Verleger et al. argue that these conditions (or a
critical combination of some of them) are necessary
to obtain NCEs, and that therefore the NCE might
be a stimulus-specific phenomenon of little general
importance: If the mask is in some way similar to
the stimulus indicating the opposite response, and
therefore triggers this response (i.e., if the NCE sim-
ply reflects automatic response activation followed
by another automatic response activation), then
there is nothing conceptually new or interesting in
this effect. If, on the other hand, NCEs can be ob-
tained even when these criteria are not met, then
this would support the self-inhibition hypothesis. The
present paper presents three experiments that indi-
cate that the NCE does not depend on arrow stimuli
and potentially task-relevant masks, suggesting that
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it reflects a more general and possibly conceptually
interesting phenomenon in motor control.

EXPERIMENT 1: NON-ARROW
PRIMES AND TARGETS

This experiment aimed to confirm that NCEs can be ob-
tained with non-arrow stimuli. In most previous experi-
ments, primes and targets have been arrows or arrow-
like stimuli (e.g., ‘<<’ or '<>’), and it has been argued
that arrows are ‘special’ in MP situations (Jaskowski &
Slésarek, 2007; Verleger et al., 2004; Verleger, Gérgen,
& Jaskowski, 2005). Although NCEs have also been found
with non-arrow primes and targets, most of these stimuli
consisted of intersecting straight lines of different rela-
tive position or orientation (e.g., Eimer, 1999; Verleger
et al.,, 2005). Moreover, the corresponding masking
stimuli also consisted of intersecting straight lines, thus
potentially containing task-relevant features. If these
features would trigger a response opposite to the primed
response, then this process - rather than low-level mo-
tor inhibition - could give rise to NCEs (Lleras & Enns,
2004; Verleger et al.,, 2004). Although at present the
evidence suggests that NCEs do in fact reflect self-in-
hibition of motor responses triggered by successfully
masked primes (Klapp, 2005; Schlaghecken & Eimer,
2006; Sumner, in press), the question remains whether
NCEs can be obtained with a different type of stimulus.
The present experiment employed circles with a small
gap on either the left or right side as prime and target
stimuli (inspired by Di Lollo, Enns, & Rensink, 2000), to
which participants had to make a corresponding left- or
right-hand response. The mask consisted of an array of
interlinked complete circles. These stimuli differ from
arrow primes and targets and from their corresponding
pattern masks in three important respects. First, they
differ at the feature level, as they are not composed
of intersecting straight lines.* Second, unlike directional
arrows, they are not over-learned indicators of left and
right responses. Finally, the mask does not contain the
response-relevant feature (i.e., the ‘gap’). Finding NCEs
with these stimuli would thus strengthen the argument
that NCEs reflect a general phenomenon in motor
control. In order to obtain an estimate of the masked
primes’ visibility, and thus to facilitate comparability of
the present and previous studies, the experiment also
included a forced choice prime identification task.

Method

Participants
Thirty volunteers (11 male), aged 18-38 years
(M = 23.1), participated in the experiment. All but two

participants were right-handed, and all had normal or
corrected-to-normal vision. One participant was ex-
cluded from further analysis because of excessive er-
ror rates (more than 15% errors in the masked prime
task), and two further participants were excluded
because they were able to consciously perceive even
17-ms primes (more than 70% correct responses in
the forced choice prime identification task). This left
9 participants in group A (17 ms prime duration),
8 participants in group B (33 ms prime duration), and
10 participants in group C (50 ms prime duration).
Eight additional volunteers (three male), aged 19-27
years (M = 21.4), participated in a control condition
(group D).

Stimuli and apparatus

Primes and targets were single circles with a
diameter of 0.75° of visual angle. Target circles had
a gap on either the left or the right side (see Figure
1), indicating a left- or right-hand response, respec-
tively. Prime circles either had a left or right gap or
were complete. Masks were 15 complete circles of the
same dimensions, arranged in three rows of five, each
circle overlapping with its neighbours, resulting in a
rectangular array of approximately 1.5° x 3° of visual
angle. All stimuli were presented in black on a white
background at the centre of the screen.

Procedure

Participants were seated in a dimly lit room, facing
a computer screen at a viewing distance of 100 cm.
Their left and right index fingers rested on response
keys attached to the armrests of the chair. The ex-
periment consisted of a masked prime (MP) reaction
time part and a forced choice (FC) prime identification
task.

The MP part began with a 24-trial practice block,
followed by 12 blocks of 60 trials each. Each trial be-
gan with the presentation of a prime circle, followed
immediately by the mask for 100 ms. After mask
offset, the screen remained blank for 50 ms, then a
target was presented for 100 ms (see Figure 1). Prime
duration was 17, 33, or 50 ms in groups A, B, or C,
respectively, and 50 ms in group D. Primes were either
compatible with the target (same-side gap), incompat-
ible (opposite-side gap), or neutral (complete circles).
Inter-trial-interval (ITI) was 1,650 ms. Participants
were instructed to make a speeded left- or right-hand
response to a gap on the left or right side of the target
circle, respectively. Left and right targets, and compat-
ible, incompatible, and neutral trials were randomized
and appeared with equal probability in each block.
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Prime
17, 33, or 50 ms

Target
100 ms

Figure 1.
Stimulus- and trial-structure in Experiment 1.
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Figure 2.

Forced Choice Identification Performance (percent correct)
in Experiment 1.

The FC part began with a 14-trial practice block,
followed by one 60-trial block. Primes were presented
for 17, 33, 50, 67, 83, or 100 ms and immediately
followed by a 100-ms mask. No target stimuli were
presented.? Participants were instructed to respond to
the primes in the same way they had responded to the
targets in the MP part of the experiment (i.e., left- and
right-hand responses to a gap on the left and right,
respectively - consequently, no neutral primes were
employed). They were informed that response speed
was unimportant in this block, and that they should

Table 1.

simply guess if they felt that they could not make an
informed choice.

Data analysis

Repeated measures analyses of variance (ANOVASs)
were computed on correct RTs and error rates for the
between-subject factor Group (A - 17 ms, B - 33 ms,
and C - 50 ms prime duration) and the within-subject
factor Compatibility (compatible, neutral, incompat-
ible) in the MP task. ANOVAs were computed on the
percentage of correct responses in the FC task for
between-subject factor Group and the within-subject
factor Presentation Duration (17, 33, 50, 67, 83, and
100 ms). Greenhouse-Geisser adjustments to the de-
grees of freedom were performed where appropriate,
and corrected p-values are reported throughout.

Results

Prime identification performance (Figure 2) increased
with increasing prime duration, F(5, 120) = 89.14,
MSE = 86.63, p < .001, € = .619, and was generally
lower for group C (50 ms) than for the other two groups,
F(2, 24) = 5.22, MSE = 602.74, p = .013. Furthermore,
these two effects interacted, F(5, 120) = 6.03,
MSE = 86.63, p < .001, € = .619, as the group differ-
ences were pronounced for short prime presentations,
but virtually absent for durations of 67 ms or more.
Follow-up analyses, conducted with one-sample
t-tests, indicated that for groups A and B, prime iden-
tification was not significantly different from chance
(50%) for 17-ms primes (54.8 and 54.6% correct, re-
spectively, both ts < 1.6, both ps > .15), but was well
above chance level for all other prime durations, all
ts > 4.8, all ps < .001. Group C, in contrast, produced
marginally significant below-chance identification with
17-ms primes, t(9) = 2.24, p = .052, near-chance
identification with 33-ms primes, t(9) < 1.9, p > .10,
and above-chance identification only with primes pre-
sented for 50 ms or more, all ts > 3.5, all ps < .007.
Because of this unexpected finding, eight additional
participants (group D) were tested under identical con-

Reaction times (ms) and Error Rates (%) on compatible, neutral, and incompatible trials, separately for each of the four groups

in Experiment 1.

RT (ms) Error Rates (%)
Compatible Neutral Incompatible Compatible Neutral Incompatible
Group A (17ms) 346 347 347 5.1 5 6
Group B (33ms) 357 356 361 5.3 4.5 5.2
Group C (50ms) 370 363 360 3.2 2.3 2
Group D (50ms) 353 342 340 2.8 1.6 1.1
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ditions as group C. The finding of chance-level perfor-
mance with 33-ms primes was replicated. Identification
performance in group D was at chance level for both
17- and 33-ms primes, both ts < 0.5, both ps > .8,
and was significantly above chance for all other pres-
entation durations, all ts > 3.2, all ps < .02.

Behavioural results from the MP task are presented
in Table 1. Reaction times showed neither a main ef-
fect of Compatibility nor a main effect of Group, both
Fs < 2.3, both ps > .11, but a highly significant in-
teraction between these factors, F(4, 48) = 5.13,
MSE = 25.67, p = .002. Follow-up ANOVAs, conducted
for each group separately, confirmed that group C
produced highly significant NCEs, F(2, 18) = 16.40,
MSE = 16.52, p < .001, whereas no significant priming
effects were obtained for group A and B, both Fs < 1.8,
both ps > .22 (see Figure 3).

Error rates in the MP task showed the same ba-
sic pattern as RTs. Although there was no significant
main effect or interaction with error rates, all Fs < 2.3,
all ps > .12, follow-up ANOVAs for the separate
groups again revealed a significant NCE for group
C, F(1, 18) = 4.64, MSE = 0.91, p = .024, and no
priming effects for the other two groups, both Fs < 1.
As expected, the additional 50-ms group D showed
the same pattern of priming effects as group C, with
NCEs that were significant for RTs, F(2, 14) = 12.38,
MSE = 31.69, p = .003, one-tailed, and approached sig-
nificance for error rates, F(2, 14) = 2.29, MSE = 2.59,
p = .085, one-tailed.

Discussion

The present results demonstrate that NCEs can be
obtained with non-arrow primes and targets, and with
masks that do not contain the response-relevant fea-
ture. However, the presentation conditions necessary
to elicit NCEs with these stimuli differed from those
of standard (arrow-based) MP experiments: NCEs oc-
curred only when prime duration was 50 ms, which
produced clearly above-chance identification perfor-
mance, whereas with shorter durations (as employed
in standard MP tasks), no reliable priming effects were
obtained. In other words, a markedly higher percep-
tual strength was required for circle-primes compared
with arrow-primes to elicit NCEs.? Within the inhibi-
tion-threshold model developed by Schlaghecken and
Eimer (2002), this might be taken as evidence that
the low-level motor activation triggered by a gap in
a circle is weaker than the activation triggered by
an arrow: In this case, more sensory input would be
needed to build up activation levels strong enough

Effect size (incompatible - compatible)
o«

M RT (ms)
[ Error (%)
15
Exp1A Exp1B Exp1C Exp1D
(17ms) (33ms) (50ms) (50ms)
Figure 3.

Priming effects (incompatible minus compatible) on reaction
times (black) and error rates (white) in Experiment 1.

to require self-inhibition when the supporting sensory
evidence is suddenly removed. However, although it
might be plausible to assume that an over-learned
arrow prime triggers strong activations more quickly
than the present stimuli, this hypothesis must remain
purely speculative, as there is as yet no way to in-
dependently assess the strength of low-level motor
activation. Furthermore, it might be possible that
instead of indicating conscious prime perception, the
identification levels with 50-ms stimuli were due to
direct motor priming effects (i.e., to the activation of
the correct motor response by the masked prime).
This issue will be discussed in more detail below
(Experiments 2 and 3).

Another unexpected finding of Experiment 1 is the
difference in FC prime identification performance be-
tween the experimental groups. Participants in groups
A and B (with 17- and 33-ms primes, respectively,
in the MP task) consistently identified 33-ms primes
with above-chance accuracy, whereas participants in
groups C and D (50-ms primes) equally consistently
performed at chance level with this prime duration.*
This suggests that prior experience with the stimulus
material in the MP task influences subsequent prime
identification performance in the FC task. Although
such a transfer effect has not been described previously
in the MP literature, it is consistent with results from a
recent perceptual learning experiment (Schlaghecken,
Blagrove, & Maylor, in press). In this experiment, par-
ticipants’ identification performance of 17-ms primes
improved significantly even within one session when
the masking stimulus was held constant across trials.
It thus seems conceivable that in the present experi-
ment, perceptual learning of ‘difficult’ short-duration
primes occurred during the MP task for groups A and
B, accounting for their above-chance identification of
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33-ms primes (though not of 17-ms primes) in the
subsequent FC task.

Participants in the two 50-ms groups, in contrast,
did not encounter 33-ms (or shorter) primes in the
MP task, and thus had no opportunity for perceptual
learning of these primes. Consequently, they only
identified longer-duration primes with more than
chance accuracy in the FC task. Again, this reasoning
has to remain speculative at present. Future studies
will be needed to investigate such systematic carry-
over effects in detail.

EXPERIMENT 2: IRRELEVANT
MASKS AND NON-CENTRAL
TARGETS

As noted in the Introduction, it has been argued that
the NCE does not result from low-level motor inhibition,
but merely reflects activation of the motor response
opposite to the prime. More specifically, Verleger et al.
(2004) argue that direct perceptual interactions be-
tween prime and mask trigger the opposite response,
whereas Lleras and Enns (2004) suggest that in a
continuous process of perceptual object updating, the
most recent updates before target onset will be those
of the mask’s potentially response-relevant features
that are opposite to the prime, thus preparing the sys-
tem to respond best to a stimulus containing these
features. Importantly, a crucial requirement of both
these models is that the mask contains potentially re-
sponse-relevant features. Recently, Klapp (2005) and
Schlaghecken and Eimer (2006) provided evidence
that reliable NCEs can be obtained even when this is
not the case. However, in their reply to Schlaghecken
and Eimer (2006), Lleras and Enns (2006) argue that
these findings still fail to support the notion of low-
level motor self-inhibition, because primes, masks and
targets were all presented at fixation. Instead, they
propose that in addition to object updating (which
triggers prime-opposite response activations with rel-
evant masks), a process of ‘onset-triggered suppres-
sion’ (similar to Jaskowski & Przekoracka-Krawczyk’s,
2005, ‘mask-triggered inhibition’) selectively inhibits
the prime-induced response.® According to the authors,
there are three key components to the ‘object-updat-
ing-with-onset-triggered-suppression’ model: a) geo-
metrical similarity of prime/target and mask (a mask
that contains potentially response-relevant features in
form of the same basic shapes as primes and targets
triggers an activation of the opposite response via ob-
ject updating), b) temporal similarity of prime/target
and mask (a mask that is flashed only briefly, like a

prime or a target, triggers selective inhibition of the
prime-related response via onset-triggered suppres-
sion), and finally c) spatial similarity of prime/target
and mask (both object updating and onset-triggered
suppression affect priming most strongly when prime,
mask and target appear at the same spatial location).
Therefore, as long as all stimuli are presented at
fixation, NCEs might be obtained even with irrelevant
masks (i.e., via onset-triggered suppression only), al-
though this effect will be smaller than when relevant
masks are used (in which case effects of onset-trig-
gered suppression and object updating are combined).
However, when targets appear at a different position,
no NCEs will be obtained with irrelevant masks, be-
cause temporal similarity alone - without geometrical
and/or spatial similarity - is insufficient to elicit (suf-
ficiently strong) onset-triggered suppression.

Lleras and Enns (2006) present data that exactly
follow the predicted pattern: With briefly flashed rel-
evant masks, large NCEs occur when all stimuli appear
at fixation, and smaller NCEs occur when targets are
presented at a different position (above or below fixa-
tion). With briefly flashed irrelevant masks, small NCEs
occur when all stimuli appear at fixation, but PCEs are
obtained when targets are presented at a different po-
sition (see also Lleras & Enns, 2005). This last finding
clearly conflicts with predictions derived from the self-
inhibition account of NCEs. According to this model,
target position should not make a difference to prim-
ing effects (other than trivial differences due to overall
changes in reaction times) - all that should matter is
that an initial strong motor response triggered by the
prime is no longer supported by sensory evidence.

However, we believe that there is an additional factor
that might account for Lleras and Enns’ (2006) findings
without violating the assumptions of the self-inhibition
model. It should be noted that effective masking is far
easier to accomplish when the mask contains elements
similar to the to-be-masked stimulus (relevant mask)
than when this is not the case (irrelevant mask). Thus
it seems possible that in Lleras and Enns (2005, 2006),
similar to the experiments in Lleras and Enns (2004),
the irrelevant mask did not effectively remove the sen-
sory evidence for the primed response from the motor
system. If this was the case, then target position might
make an important difference simply because it affects
the continued availability of the prime-representation
to the motor system: When targets are presented cen-
trally (that is, ‘on top’ of the mask), they might act as
an additional mask, cutting short the sensory evidence
which supports the primed response and resulting in
NCEs. In contrast, when targets are presented non-
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centrally (away from the mask), residual sensory evi-
dence for the primed response might still be present in
the system by the time the target-related response is
activated, resulting in PCEs.

In order to investigate this issue, we employed a
‘flicker mask’ procedure, which has been found to result
in relatively (though not perfectly) effective masking
with irrelevant masks (Schlaghecken & Eimer, 2006).
Masked primes were presented at fixation, and tar-
gets were presented either centrally or non-centrally.
According to the self-inhibition account of masked
priming, NCEs of comparable size should be found
with central and non-central targets. According to the
object-updating-plus-onset-triggered-suppression ac-
count, in contrast, NCEs should be restricted to central
targets, while non-central targets should result in PCEs,
replicating Lleras and Enns’ (2006) results. The central-
target condition of the present experiment is similar to
the non-diagonal mask condition in Schlaghecken and
Eimer (2006), except that prime duration was increased
from 17 ms to 33 ms in order to investigate whether
this would affect the size of NCEs. The critical question
was whether priming effects would be similar for central
and non-central targets.

Method

Participants

Twenty volunteers (6 male), aged 19-30 years
(M = 22.8), participated in the experiment. All but two
participants were right-handed, and all had normal or
corrected-to-normal vision. Four participants were ex-
cluded from further analysis because of excessive er-
ror rates (more than 10% errors in the masked prime
task), and two further participants were excluded be-
cause they correctly identified more than 90% of the
33-ms primes in the FC task.

Stimuli and apparatus

Primes and targets were left- and right-pointing
double arrows (‘<<’, *>>"), subtending a visual angle
of approximately 1.0° x 0.5°. Masks were constructed
from a 13 x 7 matrix, randomly filled with overlap-
ping horizontal and vertical lines of different length,
resulting in a rectangular array of about 2.5° x 1.5°.
New random masks were generated on each trial,
to avoid perceptual learning of the mask (Schubd,
Schlaghecken, & Meinecke, 2001).

Procedure
Participants were seated in a dimly lit room, facing
a computer screen at a viewing distance of approxi-

Figure 4.

Stimulus- and trial-structure in Experiment 2.

mately 100 cm. They were instructed to maintain
central eye fixation. Response keys were the left and
right SHIFT-keys of a standard qwerty computer key-
board.

The MP part of the experiment comprised 5 blocks
of 60 trials each, and the FC part comprised 2 blocks
of 80 trials. Each part began with a 20-trial practice
block. Trial structure in the MP part is depicted in
Figure 4. Each trial consisted of a 33-ms prime, imme-
diately followed by a 50-ms mask, which in turn was
followed immediately by a second 50-ms mask (‘flicker
mask’). Fifty ms after offset of the second mask, a
target was presented for 100 ms. Primes and masks
were presented at fixation, targets were presented
at fixation, 2° above fixation, or 2° below fixation.
ITI was 1,300 ms. On compatible trials, prime and
target arrows pointed in the same direction. On incom-
patible trials, they pointed in opposite directions. All
conditions (3 target positions x 2 compatibility levels)
were equiprobable and randomized within each block.
Participants were instructed to respond as quickly and
accurately as possible with a left or right key press to
left-pointing and right-pointing target arrows, respec-
tively.

In the FC part, each trial consisted of a left- or right-
pointing prime arrow, presented randomly and with
equal probability for 17, 33, 50, or 67 ms, immediately
followed by a flicker mask. No subsequent targets
were presented, and ITI was 1,300 ms. Participants
were instructed to press the key corresponding to the
prime arrow’s direction, and to make a guess if they
could not identify the prime clearly.

Data analysis
Repeated measures analyses of variance (ANOVASs)
were computed on the percentage of correct responses
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Forced Choice identification performance in Experiment 2.
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Figure 6.

Reaction times (lines) and error rates (bars) in Experiment
2, plotted separately for On-Fixation (black) and Off-Fixation
(white) targets.

in the FC identification task for the factor Duration (17,
33, 50, 67 ms). ANOVAs were computed on correct
RTs and error rates for the factors Target Position (On
Fixation, Off Fixation - collapsed across above- and
below-fixation presentations) and Compatibility (com-
patible, incompatible) in the MP task.

Results

Prime identification performance (Figure 5) increased

with increasing prime duration, F(3, 39) = 28.65,

MSE = 75.25, p < .001, but was significantly above
Table 2.

chance (50%) for all prime durations, all ts > 3.3, all
ps < .005.

Reaction times in the MP task were shorter for
On-Fixation targets than for Off-Fixation targets,
F(1, 13) = 4.90, MSE = 78.21, p = .045, and shorter
on incompatible trials than on compatible trials (NCE),
F(1, 13) = 6.36, MSE = 186.90, p = .024.

Importantly, these factors did not interact, that is,
NCEs of about the same magnitude were obtained for
On-Fixation and Off-Fixation targets (see Table 2 and
Figure 6).

Although Figure 6 indicates that error rates showed
the same basic pattern as RTs, no significant effects
were obtained, all Fs < 2.2, all ps > .16.

Discussion

The results of Experiment 2 confirm the predictions of
the self-inhibition hypothesis of masked priming: NCEs
with irrelevant masks were obtained not only when
primes, masks, and targets appeared at the same lo-
cation, but also when targets appeared at a different
location, and these effects were of approximately the
same size regardless of target position (numerically,
NCEs with non-central targets were larger than NCEs
with central targets). The FC results and the priming
effects with central targets almost exactly replicate the
results reported by Schlaghecken and Eimer (2006).
Importantly, however, the priming effects with non-
central targets stand in direct contrast to Lleras and
Enns’ (2006) results.

There are two main differences between the present
experiment and the one reported by Lleras and Enns
(2006). First, target position was randomized in the
present experiment, but blocked (either all central or
all non-central) in Lleras and Enns’ study. Thus in the
present experiment, targets appeared at the same
location as masked primes in one third of the trials.
Therefore, it can be argued that primes and masks
were spatially similar to targets in principle, that is,
regardless of the actual target position on any given
trial. If this argument is correct, then masks in the
present experiment resembled targets in two (tem-

Priming effects (NCEs) on Reaction Times (ms) and Error Rates (%) on central and non-central targets in Experiment 1.

RT (ms) Error Rates (%)
95% CI 95% CI
NCE lower upper NCE lower upper
Central Targets -8.2 -17.7 1.2 -0.7 -2.9 1.4
Non-Central Targets -10.2 -17.9 -2.5 -1.9 -3.9 0.2
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poral and spatial) characteristics, and therefore were
able to cause onset-triggered response suppression
according to Lleras’ and Enns’ account.

The second major difference between the present
experiment and those conducted by Lleras and Enns
(2004, 2005, 2006) is the use of a flicker mask,
whereas a continuous mask was employed in Lleras
and Enns’ studies. As a consequence, prime identifica-
tion performance was markedly reduced relative to the
levels reported in Lleras and Enns (2004) (72% versus
approximately 90% correct identification). According
to these authors, it is unimportant whether or not the
mask reduces prime visibility: NCEs can be obtained
even with completely unmasked primes, provided an
intervening stimulus (in this case, a ‘flanker’ rather
than a ‘mask,” see Lleras & Enns, 2006) contains re-
sponse-relevant features. They argue that the correla-
tion between mask density, prime visibility, and direc-
tion of priming effects - as reported, for example, by
Eimer and Schlaghecken (2002) - is due to the fact
that with masks composed of diagonal lines, a denser
mask is more likely to contain arrow-like line inter-
sections than a mask with less densely spaced lines.
Therefore, the denser mask is more likely to facilitate
reversed priming via object updating, not via self-in-
hibition triggered by the loss of sensory input to an
existing motor activation, as argued by Schlaghecken
and Eimer (2002, 2006). In the present experiment,
however, the mask corresponded to Lleras and Enns’
(2004, 2005, 2006) irrelevant mask - that is, it only
contained horizontal and vertical, but no diagonal
lines, and thus should have been unable to facilitate
object updating-induced NCEs, suggesting that there
is another factor — possibly mask effectiveness - con-
tributing to these effects.

It has to be noted, though, that in the present ex-
periment — as in Experiment 1 - prime identification
performance indicated that NCEs were obtained with
primes that were clearly above the threshold of con-
scious perception (68 - 73% correct identifications on
average). This contrasts with earlier findings showing
that with identification levels of more than approxi-
mately 66%, NCEs begin to turn into PCEs (Eimer &
Schlaghecken, 2002), suggesting a close link between
the absence of conscious prime perception and the
presence of NCEs (see also Klapp & Hinkley, 2002).
However, those experiments differed from the present
ones in one important aspect, as they used a staircase
procedure to determine identification levels (i.e., after
a correct response, prime identification on the next
trial was made more difficult, after an incorrect re-
sponse, it was made easier). The present experiments,

in contrast, used a simple forced choice procedure. It
might be argued that the former promotes a more
careful response mode, whereas the latter promotes
more spontaneous reactions, which therefore might be
more susceptible to direct response priming effects.®
In this case, performance levels in the present experi-
ments would systematically overestimate the actual
level of prime identification and hence the primes’ per-
ceptual strength.

On the basis of the present data, it is not possible
to decide which of the two factors - target presenta-
tion or mask effectiveness — might be responsible for
the difference between the present results and those
reported by Lleras and Enns (2006). However, the
self-inhibition account and the object-updating-plus-
onset-triggered-suppression account make opposite
predictions about the relative importance of these two
factors: According to the former, mask effectiveness
should affect priming effects, whereas target location
should be largely irrelevant. According to the latter,
the reverse should be true — priming effects should be
independent of mask effectiveness, but NCEs should
disappear when the mask is both geometrically and
spatially dissimilar to the target. The following experi-
ment was conducted to test these predictions.

EXPERIMENT 3: MORE IRRELEVANT
MASKS AND NON-CENTRAL TARGETS

In this experiment, no targets were presented at
fixation, while other aspects of Experiment 2 were
maintained. In particular, the same masking procedure
and type of mask were employed as in the previous
experiment. According to the self-inhibition account,
NCEs should be obtained under these conditions. The
updating-plus-onset-triggered-suppression  account,
in contrast, predicts PCEs.

A further difference between this experiment and
the preceding one was an alteration in the FC pro-
cedure: In order to encourage a slower, less sponta-
neous response mode, the mask in the FC task was
followed after 50 ms by two simultaneously presented
question marks (presented above and below fixation).
Participants were instructed not to respond before the
question marks appeared. It was reasoned that this
enforced delay would make responses less susceptible
to direct motor priming. If identification performance
in the previous experiments had in fact been artificially
enhanced by motor priming effects, then identification
levels in the present experiment should be substan-
tially lower. In contrast, if similar identification levels
were achieved, then this would support the notion that
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Forced Choice identification performance in Experiment 3.
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Reaction times (line) and error rates (bars) in Experiment 3.
the NCEs in Experiments 1 and 2 had indeed been ob-
tained with supraliminal primes.

Method

Participants

Ten volunteers (four male), aged 19-41 vyears
(M = 24.7), participated in the experiment. All but one
participant were right-handed, and all had normal or
corrected-to-normal vision.

Stimuli and apparatus
These were identical to Experiment 2.

Procedure

The procedure was similar to Experiment 2, with the
following exceptions: a) no central targets were pre-
sented; b) block length was reduced to 40 trials each
(without central targets, it was possible to reduce the
number of trials by one third relative to Experiment 2);
and c) in the FC task, the mask was followed after a
50-ms delay by two question marks (appearing at the
same positions as the targets in the MP task), which

remained on the screen until a response was given.
Participants were instructed to respond only once the
question marks had appeared.

Data analyses

For the FC data, the same analyses were carried out
as in Experiment 2. RTs and error rates on compatible
and incompatible trials in the masked prime task were
compared using paired t-tests.

Results

As expected, prime identification performance
(Figure 7) increased with increasing prime duration,
F(3,27)=10.76, MSE = 162.96, p = .001. Importantly,
identification signifi-
cantly above chance only for 50- and 67-ms primes,
t(9) = 2.77, p = .022, and t(9) = 6.71, p < .001,
respectively, but not for 17- and 33-ms primes, both

ts < 1.7, both ps > .13. Reaction times were sig-

however, performance was

nificantly shorter and error rates significantly lower
on incompatible trials relative to compatible trials,
t(9) = 3.01, p = .015 and t(9) = 2.47, p = .035, re-
spectively (Figure 8).

Discussion

The present experiment aimed to recreate Lleras
and Enns’ (2006) ‘flashed irrelevant mask, off-fixa-
tion target’ condition by masking arrow primes with
irrelevant masks (containing no diagonal, arrow-like
lines) and by always presenting targets at a location
distinct from the location of primes and masks. The
main procedural difference between this and Lleras
and Enns’ (2006) experiment was the use of a flicker
mask, which drastically reduced prime visibility.

According to the object-updating-plus-onset-trig-
gered-suppression hypothesis, the present experiment
should have yielded PCEs, replicating Lleras and Enns’
(2006) results. Clearly, this was not the case. Instead,
significant NCEs were obtained, as predicted by the
self-inhibition account. According to this hypothesis,
NCEs should occur when the initial (low-level) mo-
tor activation triggered by the prime is suddenly no
longer supported by sensory evidence, regardless of
geometrical, spatial, or temporal similarities between
primes, masks, and targets. The present experiment
confirmed this prediction. Of course, this is not to deny
that such similarities systematically influence priming
effects - they obviously do, as suggested by com-
mon sense and as demonstrated in numerous stud-
ies (e.g., Jaskowski & Przekoracka-Krawczyk, 2005;
Lleras & Enns, 2004, 2005, 2006; Verleger et al.,
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2004). However, the present results strongly suggest
that there is an additional inhibitory process in masked
priming which is independent of these factors (i.e., low-
level self-inhibition).

A further aim of this experiment was to investigate
whether the relatively high identification performance
in the previous two experiments might have been due
to direct motor priming. By preventing participants
from responding too quickly, identification perform-
ance for short-duration primes was indeed found to be
dramatically reduced and no longer significantly differ-
ent from chance. In contrast, identification perform-
ance for long-duration primes remained above chance
level (though performance levels for 50-ms primes
- but not for 67-ms primes - still appeared reduced
in the present experiment relative to Experiment 2).
This suggests that performance levels for the longest
primes might reflect processes different from those
that determine performance levels for shorter primes.
These results are in line with the assumption that per-
formance with short-duration primes is at least in part
determined by direct motor priming, whereas perform-
ance with long-duration primes in Experiments 1 and 2
actually reflects conscious prime identification.

GENERAL DISCUSSION

A current debate in the masked priming literature con-
cerns the question whether NCEs - shorter RTs and
lower error rates on incompatible relative to compatible
trials - reflect a self-inhibition mechanism in low-level
motor control, or whether they are ultimately triggered
by the mask, provided this stimulus is sufficiently simi-
lar to primes and targets with respect to geometrical,
spatial, and/or temporal features. In previous studies,
NCEs were obtained when masking stimuli met at least
two of these three criteria, whereas only PCEs - shorter
RTs and lower error rates on compatible relative to in-
compatible trials (i.e., ‘normal’ priming effects) - were
obtained when this was not the case (e.g., Jaskowski
& Przekoracka-Krawczyk, 2005; Lleras & Enns, 2004,
2005, 2006; Verleger et al., 2004). These results have
been interpreted as disproving the self-inhibition hy-
pothesis and supporting (variants of) the hypothesis
that the NCE is mask-induced. Furthermore, Verleger
and colleagues (2005) have argued that arrows are
‘special’ and are more suited than other stimuli to trig-
ger NCEs when employed as primes and targets.

In three masked priming experiments, the present
study demonstrated that NCEs can be obtained with
stimuli other than arrows (Exp. 1), and with irrelevant
masks and targets that appear at a different position

from the masked primes (Exp. 2 & 3). These results
clearly contradict the predictions of the mask-induced
NCE hypotheses, but are fully in line with the self-inhi-
bition account of masked priming.

It should be stressed that this conclusion does not
deny the existence of mask-induced effects. Obviously,
such effects not only exist, but can have a dramatic
impact on overt performance as demonstrated, for
example, by Jaskowski and Przekoracka-Krawczyk
(2005), who obtained NCEs with ‘masking” stimuli
that did not reduce prime visibility, but did contain ar-
row-like stimuli (see also Lleras & Enns, 2006). The
mechanisms underlying such mask-induced reversal of
primed motor activation are as yet not fully understood,
and future studies should explore this phenomenon in
more detail. In the context of the present experiments,
however, the central argument is that the existence of
mask-induced NCEs is independent of the existence of
self-inhibition-induced NCEs: Both might be obtained in
the same experimental paradigm, but it is also possible
to obtain the former under conditions that disallow self-
inhibition (e.g., with unmasked primes), and to obtain
the latter under conditions that exclude the possibility
of mask-induced NCEs (according to the criteria set out
by the proponents of these accounts).

Thus in our view, the mask-induced NCE account and
the self-inhibition NCE account are not mutually exclu-
sive, but simply describe different processes that result
in the same observable effect (the same argument
has also been made by Klapp, 2005). Interestingly,
though, it seems that some proponents of mask-in-
duced NCE-accounts disagree with this view, arguing
that no low-level self-inhibition processes are involved
at all (e.g., Jaskowski & Przekoracka-Krawczyk, 2005;
Lleras & Enns, 2006). This might point to an important
theoretical difference between these two approaches
regarding the question whether inhibitory control is
possible even at low, ‘automatic’ processing levels, or
whether it always requires higher-level executive com-
mands. Given that opponent processing - the mecha-
nism assumed to mediate self-inhibition (Bowman,
Schlaghecken, & Eimer, 2006; Schlaghecken & Eimer,
2002) - appears to be a general processing principle
of the central nervous system from perceptual input to
motor output (e.g., Hurvich & Jameson, 1974; Levine
& Leven, 1991; Pearson, 1993; Pribe, Grossberg, &
Cohen, 1997), it seems reasonable to assume that this
principle characterizes low-level perceptuo-motor con-
trol processes as well. On the other hand, however, it
has frequently been argued that inhibitory control is a
typical higher-level cognitive control function of central
executive processes mediated by the prefrontal cortex
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(e.g., Band & van Boxtel, 1999; Faw, 2003). In line
with this reasoning, evidence has been provided that
inhibitory control is available only with supraliminally
presented stimuli, but not with subliminally presented
stimuli (e.g., Allport, Tipper, & Chmiel, 1985; Marcel,
1980; McCormick, 1997; Merikle, Joordens, & Stolz,
1995; Neill, Valdes, & Terry, 1995; Tsushima, Sasaki, &
Watanabe, 2006). In fact, the NCE obtained with sub-
liminal or near-threshold primes appears to be the only
example where this general relationship does not hold,
suggesting that this effect is either highly unusual, or
simply not what it seems (i.e., not due to low-level in-
hibition).

However, we would like to argue that there is a third
possibility. Recently, the argument has gained new
momentum that the dichotomy between ‘low-level’
‘automatic’ processes on the one hand and ‘high-level’
‘controlled’ processes on the other is misleading (see,
e.g., Hommel, 2007). In fact, common sense suggests
that processes that appear to be ‘high-level’ do in fact
have to be instantiated by ‘low-level’ mechanisms if the
homunculus fallacy is to be avoided. In this context it
is important to reiterate that the self-inhibition account
does not make any claims about the role of partici-
pants’ conscious awareness of the prime. In fact, the
perceptual learning study mentioned in the Discussion
of Experiment 1 (Schlaghecken et al., in press) found
that although training drastically improved both FC
prime identification performance and subjective prime
awareness, it had no effect on NCEs triggered by the
masked primes. This strongly indicates that the physi-
cal characteristics of primes and masks, but not the
presence or absence of conscious prime perception
itself, determine the direction of priming effects.

If this is the case, however, it also means that
performance in FC tasks can only be used to roughly
estimate the influence of prime and mask on the mo-
tor system. Obviously, this comes dangerously close to
the possibility of an ‘unfalsifiable’” argument (see also
Lleras & Enns, 2006): When NCEs are obtained in a
standard MP task, then it is assumed that the prime
triggered a strong initial activation and that the mask
was effective in rapidly removing the sensory evidence
from the motor system. When no NCEs are obtained
in this paradigm, then either the mask was ineffective,
or the prime-induced activation was too weak to war-
rant self-inhibition. In other words, any outcome can
be explained by making certain post-hoc assumptions
about primes and masks. If FC prime identification or
detection performance is not a suitable measure of the
prime’s impact on the motor system - and we argue
that it is not - then this problem can not be solved

without an additional, independent measure of low-
level motor activity. Future studies will have to address
this issue in order to clarify the nature of the NCE and
to investigate the possibility of low-level inhibitory per-
ceptuo-motor control.

Notes

t In an earlier experiment, one of the prime/target
stimuli had consisted of two small circles (Eimer &
Schlaghecken, 1998, Exp. 2, Discussion). However, the
alternative prime/target was a plus-sign, and no stimu-
lus-specific analyses were conducted. Thus one might
still argue that priming effects were only driven by the
processing of straight-line configurations.

2 Previous research (Schlaghecken & Eimer, 1997) indi-
cated that using the same trial structure in the FC task
as in the priming task (i.e., presenting a target after
the mask) makes it virtually impossible for participants
to respond to the prime. Similarly, not including longer
prime durations, where participants feel that they have
a chance to give a correct response, and having large
numbers of trials, both tend to undermine participants’
motivation to stay on task. Therefore, these factors re-
sult in prime identification values that might systemati-
cally underestimate participants’ ability to consciously
perceive the primes. The present FC design - like that
used in other MP studies, e.g. Schlaghecken and Eimer
(2006) - aimed to minimize the impact of these fac-
tors.

3 ‘Perceptual strength’ is used here as meaning signal
strength in the perceptual system. It is assumed that
a perceptually strong prime will be more likely to be
consciously perceived and will also have a stronger
impact on the motor system. It should be noted,
however, that there is no a priori reason to assume
that the former (conscious perception) is in any way
causally linked to the latter (motor priming). In fact,
there is evidence to suggest that these two are inde-
pendent of each other (Schlaghecken et al., in press).
Therefore, prime identification performance in the FC
task and motor priming effects in the masked prime
task are likely to co-vary, but should not be regarded
as being causally linked.

4 Note that the marginally significant below-chance
performance with 17-ms primes in group C (see also
Verleger et al., 2005) was not replicated in group D.

5 This is in contrast to the model proposed by Verleger,
Kotter, Jaskowski, Sprenger, and Siebner (2006),
where inhibition of the primed response is only indirect,
resulting from the activation of the opposite response.
6 This hypothesis is based on the assumption that
forced choice performance is affected (at least in part)
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by the same basic response activation mechanisms
as performance in the masked prime task. If primes
initially trigger their corresponding response, and self-
inhibition and disinhibition only develop subsequently,
then fast responses in either task should be driven
mainly by the former, and slow responses mainly by
the latter. In the masked prime task, this should result
in PCEs with faster and NCEs with slower responses,
a result that has indeed been reported in the litera-
ture (Eimer, 1999). In the forced choice task, it should
result in above-chance identification performance with
faster and below-chance performance with slower re-
sponses. Although this has not yet been systematically
investigated, Verleger et al (2005) found systematic
below-chance identification performance in a forced
choice task where stimulus presentation rate was self-
paced and no time-limit was given for responding, sug-
gesting that a substantial proportion of responses were
very slow.

Authors’ notes

This work was supported by a grant to the first au-
thor from the ESCR (RES-000-22-1841). The authors
wish to thank Ulrich Ansorge, Elizabeth A. Maylor,
Petroc Sumner, and Rolf Verleger for helpful comments
on an earlier draft of this paper.

References

Allport, A., Tipper, S., & Chmiel, N. R. J. (1985).
Perceptual integration and postcategorical filtering.
In M. I. Posner, & O. S.M. Martin (Eds.), Attention
and performance XI (pp. 107-132). Hillsdale, NJ:
Erlbaum.

Aron, A., Schlaghecken, F., Fletcher, P., Bullmore, E.,
Eimer, M., Barker, R., Sahakian, B., & Robbins, T.
(2003). Inhibition of subliminally primed responses
is mediated by the caudate and thalamus: Evidence
from fMRI and Huntington’s disease. Brain, 126,
713-723.[uwwl

Band, G. P., & van Boxtel G. J. (1999). Inhibitory mo-
tor control in stop paradigms: review and reinter-
pretation of neural mechanisms. Acta Psychologica,
101, 179-211.Wm

Bowman, H., Schlaghecken, F. & Eimer, M. (2006). A
neural network model of inhibitory processes in sub-
liminal priming. Visual Cognition, 13, 401-480.

Dehaene, S., Naccache, L., Le Clec’H, G., Koechlin, E.,
Mueller, M., Dehaene-Lambertz, G., van de Moortele,
P.-F., & Le Bihan, D. (1998). Imaging unconscious
semantic priming. Nature, 395, 597-600.kww

Di Lollo, V., Enns, J. T., & Rensink, R. A. (2000).
Competition for consciousness among visual events:

The psychophysics of reentrant visual processes.
Journal of Experimental Psychology: General, 129,
481-507.wwwl

Eimer, M. (1999). Facilitatory and inhibitory effects
of masked prime stimuli on motor activation and
behavioral performance. Acta Psychologica, 101,
293-313.[uuy]

Eimer, M., & Schlaghecken, F. (1998). Effects of masked
stimuli on motor activation:
trophysiological evidence. Journal of Experimental
Psychology: Human Perception and Performance,
24, 1737-1747 luuww

Eimer, M., & Schlaghecken, F. (2002). Links be-
tween conscious awareness and response inhibi-
tion: Evidence from masked priming. Psychonomic
Bulletin & Review, 9, 514-520.Wuw

Faw, B. (2003). Pre-frontal executive committee for
perception, working memory, attention, long-term
memory, motor control, and thinking: A tutorial re-
view. Consciousness & Cognition, 12, 83-139.Wuu|

Behavioral and elec-

Hommel, B. (2007). Consciousness and control: Not
identical twins. Journal of Consciousness Studies,
14, 155-176.

Hurvich, L. M., & Jameson, D. (1974). Opponent proc-
esses as a model of neural organization. American
Psychologist, 29, 88-102.Wwu|

Jaskowski, P., & Przekoracka-Krawczyk, A. (2005). On
the role of mask structure in subliminal priming. Acta
Neurobiologiae Experimentalis, 65, 409-317 .wwul

Jaskowski, P., & Slésarek, M. (2007). How impor-
tant is a prime’s gestalt for subliminal priming?
Consciousness and Cognition, 16, 485-497 .Wuw|

Klapp, S. T. (2005). Two versions of negative compati-
bility have different properties: A reply to Lleras and
Enns (2004). Journal of Experimental Psychology:
General, 134. 431-435.[Wwy]

Klapp, S. T., & Haas, B. W. (2005). The non-conscious
influence of masked stimuli on response selection
is limited to concrete stimulus-response associa-
tions. Journal of Experimental Psychology: Human
Perception and Performance, 31, 193-209.kww

Klapp, S. T., & Hinkley, L. B. (2002). The negative
compatibility effect: Unconscious inhibition in-
fluences reaction time and response selection.
Journal of Experimental Psychology: General, 131,
255-269. Wwu

Leuthold, H., & Kopp, B. (1998). Mechanisms of prim-
ing by masked stimuli: Inferences from event-re-
lated brain potentials. Psychological Science, 9,
263-269.

Levine, D. S., & Leven, S. J. (1991). Inhibition in the
nervous system: Models of its roles in choice and

http://www.ac-psych.org


http://www.ac-psych.org
http://www.ncbi.nlm.nih.gov/sites/entrez?cmd=Retrieve&db=pubmed&dopt=Abstract&list_uids=12566291
http://www.ncbi.nlm.nih.gov/sites/entrez?cmd=Retrieve&db=pubmed&dopt=Abstract&list_uids=10344185
http://www.ncbi.nlm.nih.gov/sites/entrez?cmd=Retrieve&db=pubmed&dopt=Abstract&list_uids=9783584
http://www.ncbi.nlm.nih.gov/sites/entrez?cmd=Retrieve&db=pubmed&dopt=Abstract&list_uids=4204851
http://www.ncbi.nlm.nih.gov/sites/entrez?cmd=Retrieve&db=pubmed&dopt=Abstract&list_uids=12617864
http://www.ncbi.nlm.nih.gov/sites/entrez?cmd=Retrieve&db=pubmed&dopt=Abstract&list_uids=11116580
http://www.ncbi.nlm.nih.gov/sites/entrez?cmd=Retrieve&db=pubmed&dopt=Abstract&list_uids=10344189
http://www.ncbi.nlm.nih.gov/sites/entrez?cmd=Retrieve&db=pubmed&dopt=Abstract&list_uids=9861720
http://www.ncbi.nlm.nih.gov/sites/entrez?cmd=Retrieve&db=pubmed&dopt=Abstract&list_uids=12412891 
http://www.ncbi.nlm.nih.gov/sites/entrez?cmd=Retrieve&db=pubmed&dopt=Abstract&list_uids=16366393
http://www.ncbi.nlm.nih.gov/sites/entrez?cmd=Retrieve&db=pubmed&dopt=Abstract&list_uids=16919477
http://www.ncbi.nlm.nih.gov/sites/entrez?cmd=Retrieve&db=pubmed&dopt=Abstract&list_uids=15709873
http://www.ncbi.nlm.nih.gov/sites/entrez?cmd=Retrieve&db=pubmed&dopt=Abstract&list_uids=12049243 
http://www.ncbi.nlm.nih.gov/sites/entrez?cmd=Retrieve&db=pubmed&dopt=Abstract&list_uids=16131274

240

Friederike Schlaghecken, Laura Rowley, Sukhdev Sembi, Rachel Simmons, and Daniel Whitcomb

context determination.
16, 381-395.Wwul

Lingnau, A., & Vorberg, D. (2005). The time course of
response inhibition in masked priming. Perception &
Psychophysics, 67, 545-57 vl

Lleras, A., & Enns, J. T. (2004). Negative compat-
ibility or object updating? A cautionary tale of
mask-dependent priming. Journal of Experimental
Psychology: General, 133, 475-493.Wuyl

Lleras, A., & Enns, J. T. (2005). Updating a cautionary
tale of masked priming: A reply to Klapp (2005).
Journal of Experimental Psychology: General, 134,
436-440.

Lleras, A., & Enns, J. T. (2006). How much like a target
can a mask be? Geometric, spatial, and temporal
similarity in priming - A reply to Schlaghecken and
Eimer. Journal of Experimental Psychology: General,
135, 495-500.Www

Marcel, A. J. (1980). Conscious and preconscious rec-
ognition of polysemous words: Locating the selective
effects of prior verbal context. In R. S. Nickerson
(Ed.), Attention and performance VIII (pp. 435-
457). Hillsdale, NJ: Erlbaum.

McCormick, P. A. (1997). Orienting attention without
awareness. Journal of Experimental Psychology:
Human Perception & Performance, 23, 168-180.1Wwul

Merikle, P. M., Joordens, S., & Stolz, J. (1995).
Measuring the relative magnitude of unconscious
influences. Consciousness & Cognition, 4, 422-439.
[www)

Neill, W. T., Valdes., L. A., & Terry, K. M. (1995).
Selective attention and the inhibitory control of cog-
nition. In F. N. Dempster & C. J. Brainerd (Eds.),
Interference and inhibition in cognition (pp. 207-
261). San Diego: Academic Press.

Pearson, K. G. (1993). Common principles of motor
control in vertebrates and invertebrates. Annual
Reviews of Neuroscience, 16, 256-297 .Wwu|

Pribe, C., Grossberg, S., & Cohen, M. A. (1997). Neural
control of interlimb oscillation II. Biped and quadru-
ped gaits and bifurcations. Biological Cybernetics,
77, 141-152 [wwwl

Schlaghecken, F., Blagrove, E., & Maylor, E. A. (in
press). No difference between conscious and
nonconscious visuomotor control: Evidence from

in the masked prime task.

Neurochemical Research,

perceptual learning
Consciousness and Cognition il

Schlaghecken, F., Bowman, H., & Eimer, M. (2006).
Dissociating local and global

tuo-motor control in masked priming. Journal of

levels of percep-

Experimental Psychology: Human Perception and

Performance, 32, 618-494 [wwyl

Schlaghecken, F., & Eimer, M. (1997). The influence of
subliminally presented primes on response prepara-
tion. Sprache & Kognition, 16, 166-175.

Schlaghecken, F., & Eimer, M. (2000). A central/periph-
eral asymmetry in subliminal priming. Perception &
Psychophysics, 62, 1367-1382.Wwul

Schlaghecken, F., & Eimer, M. (2002). Motor activa-
tion with and without inhibition:
threshold mechanism in motor control. Perception &
Psychophysics, 64, 148-162.kww

Schlaghecken, F., & Eimer, M. (2006). Active masks
and active inhibition: A comment on Lleras and Enns
(2004) and on Verleger, Jaskowski, Aydemir, van der
Lubbe, and Groen (2004). Journal of Experimental
Psychology: General, 135, 484-494 Wy

Schubd, A., Schlaghecken, F., & Meinecke, C. (2001).
Learning to ignore the mask in texture segmentation
tasks. Journal of Experimental Psychology: Human
Perception and Performance, 27, 919-931.ww

Seiss, E., & Praamstra, P. (2004). The basal ganglia
and inhibitory mechanisms in response selection:
Evidence from subliminal priming of motor respons-
es in Parkinson’s disease. Brain, 127, 330-339.ww|

Smid, H. G. O. M., Mulder, G., & Mulder, L. J. M.
(1990). Selective response activation can begin
before stimulus recognition is complete: A psycho-
physiological and error analysis of continuous flow.
Acta Psychologica, 74, 169-201.Wuw

Sumner, P. (in press). Mask-induced priming and
the negative compatibility effect. Experimental
Psychology.

Tsushima, Y., Sasaki, Y., & Watanabe, T. (2006).
Greater disruption due to failure of inhibitory con-
trol on an ambiguous distractor. Science 314, 1786-
1788.[uwwl

Verleger, R., Gérgen, S., & Jaskowski, P. (2005). An
ERP indicator of processing relevant gestalts in
masked priming. Psychophysiology, 42, 677-690.
(e

Verleger, R., Jaskowski, P., Aydemir, A., van der Lubbe,
R. H. J., & Groen, M. (2004). Qualitative differences
between conscious and non-conscious processing?

Evidence for a

On inverse priming induced by masked arrows.
Journal of Experimental Psychology: General, 133,
494-515,Wwu

Verleger, R., Kétter, T., Jaskowski, P., Sprenger, A., &
Siebner, H. (2006). A TMS study on non-consciously
triggered response tendencies in the motor cortex.
Experimental Brain Research, 173, 115-129.wWuy|

http://www.ac-psych.org


http://www.ac-psych.org
http://www.ncbi.nlm.nih.gov/sites/entrez?cmd=Retrieve&db=pubmed&dopt=Abstract&list_uids=1685768
http://www.ncbi.nlm.nih.gov/sites/entrez?cmd=Retrieve&db=pubmed&dopt=Abstract&list_uids=9157183
http://www.ncbi.nlm.nih.gov/sites/entrez?cmd=Retrieve&db=pubmed&dopt=Abstract&list_uids=8750417
http://www.ncbi.nlm.nih.gov/sites/entrez?cmd=Retrieve&db=pubmed&dopt=Abstract&list_uids=8460894
http://www.ncbi.nlm.nih.gov/sites/entrez?cmd=Retrieve&db=pubmed&dopt=Abstract&list_uids=9323863
http://www.ncbi.nlm.nih.gov/sites/entrez?cmd=Retrieve&db=pubmed&dopt=Abstract&list_uids=17196397
http://www.ncbi.nlm.nih.gov/sites/entrez?cmd=Retrieve&db=pubmed&dopt=Abstract&list_uids=16822128
http://www.ncbi.nlm.nih.gov/sites/entrez?cmd=Retrieve&db=pubmed&dopt=Abstract&list_uids=2251928
http://www.ncbi.nlm.nih.gov/sites/entrez?cmd=Retrieve&db=pubmed&dopt=Abstract&list_uids=17170308
http://www.ncbi.nlm.nih.gov/sites/entrez?cmd=Retrieve&db=pubmed&dopt=Abstract&list_uids=16119400
http://www.ncbi.nlm.nih.gov/sites/entrez?cmd=Retrieve&db=pubmed&dopt=Abstract&list_uids=15584802
http://www.ncbi.nlm.nih.gov/sites/entrez?cmd=Retrieve&db=pubmed&dopt=Abstract&list_uids=16846278
http://www.ncbi.nlm.nih.gov/sites/entrez?cmd=Retrieve&db=pubmed&dopt=Abstract&list_uids=11143449
http://www.ncbi.nlm.nih.gov/sites/entrez?cmd=Retrieve&db=pubmed&dopt=Abstract&list_uids=11916298
http://www.ncbi.nlm.nih.gov/sites/entrez?cmd=Retrieve&db=pubmed&dopt=Abstract&list_uids=16846277
http://www.ncbi.nlm.nih.gov/sites/entrez?cmd=Retrieve&db=pubmed&dopt=Abstract&list_uids=11518153
http://www.ncbi.nlm.nih.gov/sites/entrez?cmd=Retrieve&db=pubmed&dopt=Abstract&list_uids=14645146
http://www.ncbi.nlm.nih.gov/sites/entrez?cmd=Retrieve&db=pubmed&dopt=Abstract&list_uids=16364063
http://www.ncbi.nlm.nih.gov/sites/entrez?cmd=Retrieve&db=pubmed&dopt=Abstract&list_uids=15584803
http://www.ncbi.nlm.nih.gov/sites/entrez?cmd=Retrieve&db=pubmed&dopt=Abstract&list_uids=16506010

	Button 26: 
	Button 1084: 
	Button 1085: 
	Button 1087: 
	Button 10100: 
	Button 1099: 
	Button 1097: 
	Button 10124: 
	Button 1096: 
	Button 1094: 
	Button 10125: 
	Button 10126: 
	Button 1091: 
	Button 101010: 
	Button 101011: 
	Button 10101: 
	Button 101012: 
	Button 10127: 
	Button 10128: 
	Button 10106: 
	Button 10107: 
	Button 10108: 
	Button 10109: 
	Button 10110: 
	Button 10111: 
	Button 10131: 
	Button 10130: 
	Button 10129: 
	Button 10132: 
	Button 10133: 
	Button 10118: 
	Button 10120: 
	Button 10134: 
	Button 10135: 
	Button 10123: 


