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Mask-Induced Priming and the
Negative Compatibility Effect

Petroc Sumner
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Abstract. Under certain conditions, masked primes have produced counter-intuitive negative compatibility effects (NCE), such that RT
is increased, not decreased, when the target is similar to the prime. This NCE has been interpreted as an index of automatic motor
inhibition, triggered to suppress the partial motor activation caused by the prime. An alternative explanation is that perceptual interactions
between prime and mask produce positive priming in the opposite direction to the prime, explaining the NCE without postulating inhi-
bition. Here the potential role of this “mask-induced priming” was investigated in two experiments, using masks composed of random
lines. Experiment 1 compared masks that included features of the primes and targets with masks that did not. The former should create
more mask-induced priming, but the NCE did not differ between masks. Experiment 2 employed masks that contained features of either
one target or the other, but not both. These asymmetric masks produced significant mask-induced priming, but it was insufficient in size
to account for the prime-related NCE. Thus mask composition can contribute to NCEs, but when random line masks are employed, the
major source of the NCE seems to be motor-inhibition.
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Masked primes often affect responses to subsequent target
stimuli, such that reaction time (RT) is reduced when the
prime is similar to the target – a positive compatibility ef-
fect. However, one masked-prime paradigm has produced
counter-intuitive negative compatibility effects (NCE),
such that RT is increased when prime and target are similar.
In a series of studies, Schlaghecken and Eimer required
participants to make speeded choice responses to simple
visual targets, such as leftward or rightward pointing ar-
rows (see Eimer & Schlaghecken, 2003, for a review). The
targets were preceded by nondiscriminable masked primes
that could be identical to the target (compatible) or identical
to the alternative target (incompatible). When the interval
between prime and target (ISI) was very short (0–60 ms),
performance benefits were observed on compatible trials
and performance costs on incompatible trials (a positive
compatibility effect, PCE). However, when the interval
was longer (100–200 ms), performance costs occurred on
compatible trials and benefits on incompatible trials (a neg-
ative compatibility effect, NCE). The NCE has occurred in
many studies (e.g., Aron et al., 2003; Eimer & Schlag-
hecken, 2003; Klapp, 2005; Klapp & Hinkley, 2002;
Praamstra & Seiss, 2005; Seiss & Praamstra, 2004), but its
cause has become controversial.

Motor Inhibition Hypothesis

Schlaghecken and Eimer (e.g., Eimer & Schlaghecken, 1998;
Schlaghecken, Bowman, & Eimer, 2006; Schlaghecken &
Eimer, 2002) and Klapp and Hinkley (2002) suggested that

the NCE represents an automatic self-inhibition mechanism
that suppresses the partial activation initially caused by the
prime. A prime associated with a leftward response initially
causes some activation of the motor mechanisms leading to
that response, and, through lateral inhibition, some deactiva-
tion of alternative responses. If the target is presented during
this phase a PCE is predicted, as has been measured at short
ISI. However, in the absence of further perceptual evidence
supporting such response activation, an inhibitory phase au-
tomatically follows so that inappropriate response tendencies
do not develop into actual responses. This process also releas-
es the alternative responses from their partial deactivation
through lateral inhibition. If a target is presented during this
phase an NCE is predicted, as measured at longer ISI. This
activation-followed-by-inhibition pattern is seen as a charac-
teristic feature of low-level motor-control, implying that
complex control processes may occur outside conscious
awareness. If this account is true, it challenges the distinction
between “automatic” and “controlled” processes, and also
offers the masked-prime task as a method for studying auto-
matic motor control. Indeed, various authors have already
employed the paradigm with the aim of studying motor inhi-
bition (e.g., Aron et al., 2003; Praamstra & Seiss, 2005; Seiss
& Praamstra, 2004, 2006).

Mask-Induced Priming Hypothesis

An alternative explanation is that the NCE is produced not by
inhibition of the primed response, but by positive priming of
the alternative response (Lleras & Enns, 2004; Verleger, Jas-
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kowski, Aydemir, van der Lubbe, & Groen, 2004). In most
early experiments recording an NCE, the masks were con-
structed by superimposing the two possible prime stimuli,
leftward and rightward double arrows (e.g., Eimer & Schlag-
hecken, 1998; Schlaghecken & Eimer, 2000). Thus present-
ing a masked leftward prime, for example, was equivalent to
presenting leftward arrows followed by rightward arrows su-
perimposed, which could explain the reversal of the compat-
ibility effect without the need for any inhibition. This inter-
pretation was supported by findings that the NCE disap-
peared when superimposed arrow masks were replaced with
masks that were not composed of features of the primes and
targets (Jaskowski & Przekoracka-Krawczyk, 2005; Lleras&
Enns, 2004; Verleger et al., 2004).

Before the studies of Verleger et al. (2004) and Lleras
and Enns (2004) reached publication, several investiga-
tions (Aron et al., 2003; Eimer & Schlaghecken, 2002;
Praamstra & Seiss, 2005; Schlaghecken & Eimer, 2002,
2004; Seiss & Praamstra, 2004) had measured NCEs with
masks composed of random lines rather than superimposed
arrows (owing to the very concerns raised by Verleger et
al. and Lleras & Enns; see footnotes 1 and 5 in Schlag-
hecken & Eimer, 2002). However, while the appearance of
these masks is not obviously equivalent to the appearance
of the second prime, the mask-induced priming hypothesis
can be extended to offer an explanation of these NCEs,
because the masks still contained some features of the
primes and targets (diagonal lines and arrow-like intersec-
tions). Since masks alter our perceptual representation of
primes, primes may alter our perceptual representation of
masks. It is common for novelty or feature differences to
be exaggerated by the visual system, and therefore any fea-
tures in the mask that are also in the prime may be relatively
reduced in salience. This imbalance in mask feature sa-
lience could potentially cause response priming in the op-
posite direction from that expected from the prime, and
hence create an NCE. This is my interpretation of Lleras
and Enns’ (2004) “object updating” and Verleger et al.’s
(2004) “active mask” accounts of the NCE, which I refer
to collectively as mask-induced priming (even though
prime-mask interactions are involved).

Relative Contribution of Mask-Induced
Priming

It is now generally accepted that masks composed of su-
perimposed arrows (or other prime stimuli superimposed)
cause significant mask-induced priming (Klapp, 2005; Lle-
ras & Enns, 2004, 2005; Schlaghecken & Eimer, 2006; Ver-
leger et al., 2004). On the other hand, Klapp (2005) and
Schlaghecken and Eimer (2006) have recently found that
NCEs can occur when mask-induced priming is ruled out
by using masks sharing no features with the primes and
targets. Thus for the many studies employing random line
masks, the relative contribution of mask-induced priming

remains unclear, and must be clarified if we are to conclude
anything about motor inhibition from these data, and if fu-
ture investigations are to employ similar paradigms. This
was the aim of the current study.

Schlaghecken and Eimer (2006) found that the NCE was
twice as large with random line masks as with masks com-
posed of horizontal and vertical lines (sharing no features
with the arrow primes), potentially implying that mask-in-
duced-priming contributed about half of the NCE for the
random line masks. However, the two types of mask were
not equivalent in their masking effectiveness – masks shar-
ing features with the prime are generally more effective,
which is why they were originally employed. It remains
debated whether there is any causal relationship between
prime visibility and the NCE (Eimer & Schlaghecken,
2002; Lleras & Enns, 2005; Praamstra & Seiss, 2005), but
nevertheless a negative relationship between the size of the
NCE and the visibility of the prime has occurred in many
sets of results (Eimer & Schlaghecken, 2002; Klapp, 2005;
Klapp & Hinkley, 2002; Lleras & Enns, 2004, 2005;
Schlaghecken & Eimer, 2006; Sumner, Tsai, Yu, & Nachev,
2006). Thus it is difficult to confidently assess the relative
importance of mask-induced priming if the masks under
comparison differ in their masking effectiveness. Therefore
the experiments below were designed to compare masks
that are equivalent in their ability to render the primes non-
discriminable.

Methods

Design Rationale

In Experiment 1, primes and targets were horizontal or ver-
tical lines, and two types of masks were employed, which
either did (Mask A) or did not (Mask B) contain these fea-
tures (see Figure 1). Mask-induced priming predicts an
NCE only for Mask A. To establish effective masking, and
to keep the masks perceptually similar, each mask con-
tained multiple line orientations chosen randomly from a
set of angles. It is possible that even in Mask B a little
mask-induced priming might occur from lines that were
more similar to one target than the other (e.g., 22.5° vs
67.5°), so to minimize this potential we used vertical and
horizontal lines for the primes and targets rather than ar-
rows, because vertical and horizontal lines are perceptually
more distinct from diagonal lines than diagonal lines of
equivalent angular discrepancy are from each other (Ap-
pelle, 1972). A control experiment was also performed to
measure the relative priming produced by 22.5° lines or
67.5° lines relative to lines identical with the targets (ver-
tical and horizontal) or neutral 45° lines.

Experiment 2 was designed to deliberately introduce and
measure asymmetrical response priming from mask fea-
tures, to assess the size of its effect relative to the NCE. The
targets were diagonal lines oriented 45° to the right (+45°)
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or the left (–45° or 135°), and two types of masks were
employed, which either contained features of one target, or
of the other target, but not both. Thus Mask A contained
leftward (135°) lines, but not rightward 45° lines, whereas
Mask B contained 45° but not 135° lines. These asymmet-
ric masks were expected to produce response priming, such
that Mask A would speed RT to 135° targets, whereas mask
B would speed RT to 45° targets. An NCE associated with
the identity of the prime is also expected (assuming that the
masks adequately mask the primes), and therefore opposite
predictions are made in some types of trial for the mask-
induced priming hypothesis and the motor inhibition hy-
pothesis. For example, in trials containing a 45° prime,
Mask B and a 45° target, inhibition of the prime would
hinder performance, whereas priming from the mask would
facilitate performance (see Table 1 for more examples of
trials with opposite predictions).

The key question then is whether the effect of the asym-
metrical masks or the effect of prime identity would be
larger. In previous experiments, the masks themselves were
balanced and any mask-induced priming must have result-
ed from interactions between primes and masks reducing

the salience of features shared between prime and mask,
relative to other features. It is difficult to know how much
the saliency of these features was reduced, and how much
priming this might cause, but we can establish an upper
limit by removing the features altogether. This was the log-
ic in Experiment 2. The physical asymmetry of target fea-
tures introduced into the masks is expected to produce a
positive compatibility effect between mask and target, and
this effect should be more powerful than any mask-induced
priming elicited by previously employed balanced random
line masks. If mask-induced priming has been the main
source of previous NCEs measured with random line
masks, then the priming effect from these unbalanced
masks should be at least as large as any NCE associated
with prime identity.

Participants

14 volunteers participated in Experiment 1 (aged 22–32, 7
female). Two (one male, one female) were excluded be-
cause they perceived the primes (prime discrimination per-
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Figure 1. Schematic illustration of the procedure. One incompatible trial for Experiment 1 is shown. The right hand chart
illustrates the target and prime stimuli used in each experiment, as well as example masks and the line orientations included
in the masks. Note that the star-shaped schematics depict the orientations present in the masks, not the form of the masks
themselves, in which the orientations were distributed randomly over a grid and each line had a random length (between
limits) as illustrated in the examples.
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formance of 94%, d′ = 2.20, and 83%, d′ = 1.35), whereas
we had aimed to make the primes nondiscriminable (max-
imum discrimination performance among other partici-
pants was 66%, d′ = 0.58, with a mean of 54%, d′ = 0.14).
8 volunteers participated in the control experiment related
to Experiment 1 (aged 19–33, 6 female). 12 volunteers
(aged 21–34, 4 female) participated in Experiment 2. All
participants had normal or corrected-to-normal acuity.

Apparatus

Stimulus presentation employed a Cambridge Research
Systems (CRS) ViSaGe and a 21-inch Sony GDM-F520
Trinitron monitor. Stimulus presentation was synchronized
with the screen refresh rate of 100 Hz, and timings were
controlled and measured by the CRS clock (and not subject
to the errors produced by normal PC operating systems).
Manual responses were made with a CRS CB6 button box.
Viewing distance was maintained at 70 cm by a chin rest.

Stimuli and Procedure

Each trial consisted of a prime, a mask and a target. Targets
were pairs of parallel lines 1° long and 1 ° apart (Figure 1),
which could be either vertical or horizontal (Experiment 1),
or tilted 45° to the left or right (Experiment 2). Participants
responded as quickly as possible by pressing a left or right
button (stimulus-response mappings were counterbalanced
across subjects). The prime was either identical to the target
(compatible) or the stimulus associated with the opposite re-
sponse (incompatible). The mask was approximately 2° by
3° and composed of 30 lines of random length (between lim-
its) and centered on a 6 × 5 grid covering the prime stimulus.
In Experiment 1, Mask A contained orientations of 0° (verti-
cal), 22.5°, 45°, 67.5°, 90° (horizontal), 112.5°, 135° or
157.5°. Mask B contained only six of these eight angles:
22.5°, 45°, 67.5°, 112.5°, 135° or 157.5°, so that no vertical
or horizontal lines (the target features) were included. In Ex-
periment 2, Mask A contained orientations of 0°, 22.5°, 67.5°,
90°, 112.5°, 135° and 157.5°, but no 45° lines. Mask B con-
tained 0°, 22.5°, 45° 67.5°, 90°, 112.5°, and 157.5°, but no
135° lines.

The prime was displayed for two fames (20 ms), and
after a blank frame (10 ms) the mask appeared for 10
frames (100 ms). The target followed mask offset after 5
frames (50 ms) and was displayed for 100 ms. Following
the response there was 1000 ms pause, a fixation cross for
500 ms and a blank of 300 ms at the start of the new trial.

There was no predictable relationship between the
prime, mask and target: each participant performed 400 tri-
als comprising 50 of each of the 8 trial types (left/right
targets; compatible/incompatible primes; MaskA/B) in a
random order, preceded by 80 practice trials. Participants
were instructed to respond as quickly and accurately as pos-
sible to the targets and ignore the previous stimuli. Reaction

times (RT) below 200 ms or above 800 ms were considered
anticipations or lapses, respectively, and automatically de-
leted. Error responses were removed from the RT analysis.
For each participant, mean and median RT was obtained
for the 8 trial types, which were collapsed into compatible
and incompatible conditions for each type of mask.

Following the main experiment, perceptual awareness
(discrimination performance) of the primes was measured
in trials where the targets were omitted. Each participant
was asked to report prime identity (forced choice, non-
speeded) in 80 trials (stimulus-response mappings for each
participant were the same as in the main experiment).

In the control experiment related to Experiment 1, par-
ticipants responded to horizontal and vertical targets iden-
tical to those in Experiment 1. There were eight possible
prime stimuli corresponding to the eight line orientations
used in the masks for Experiment 1 (and there were no
masks). Each prime contained two lines of that orientation
(length 1°), and was displayed for 5 frames. The target fol-
lowed after 10 blank frames (producing the same interval
as the mask-target interval in Experiment 1).

Results

Experiment 1 – Control Experiment

Mean RTs for targets with identically oriented primes, neu-
tral primes (45°) and incompatible primes were 407 ms,
497 ms and 543 ms, respectively, showing a very large
compatibility effect. Mean RTs for the crucial trials with
primes oriented 22.5° or 67.5° away from the target orien-
tation were 480 ms and 508 ms, respectively, lying as ex-
pected between the neutral condition and the compatible or
incompatible conditions, respectively. Importantly, the
primes oriented 22.5° away from the target produced sig-
nificantly different results from the fully compatible primes
(t(7) = 10.5, p < .001), and the difference of 73 ms between
these two types of prime was significantly greater than the
difference of 17 ms between the 22.5° primes and the neu-
tral (45°) primes (t(7) = 4.1, p < .01). Likewise the primes
oriented 67.5° away from the target orientation produced
significantly different results from the fully incompatible
primes (t(7) = 3.4, p = .01), and the difference of 35 ms be-
tween these two types of prime was significantly greater
than the difference of 11 ms between the 67.5° primes and
the neutral (45°) primes (t(7) = 2.9, p < .05). Therefore, in
the case of vertical and horizontal targets, 22.5° lines and
67.5° lines appear to be more similar in their priming prop-
erties to 45° lines than to vertical and horizontal lines. This
being the case, the mask-induced priming hypothesis
should predict a large difference in the NCE for masks A
and B in Experiment 1, since only Mask A contained hor-
izontal and vertical lines.
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Experiment 1 – Main Experiment

Discrimination of the Prime

Mean discrimination performance was 54% (d′ = 0.14) for
Mask A (containing vertical and horizontal lines) and 53%
(d′ = 0.11) for mask B (not containing vertical and horizontal
lines), neither of which differs significantly from chance
(Mask A, t(11) = 0.8, p = .43; Mask B, t(11) = 1.46, p = .17;
combined, t(11) = 1.41, p = .19). Some participants reported
noticing that some masks contained target features, which, if
anything, we might expect to boost mask-induced priming.

Compatibility Effects

For mean RT there was a main effect of compatibility
(F(1, 11) = 38, MSE = 69, p < .001), but no interaction
between this and mask-type (F(1, 11) < 1). The experiment
had a power of 0.8 (β = 0.2) to detect a significant differ-
ence between the NCEs for each mask of 6.9 ms. Crucially,
the NCEs for both masks were clearly reliable on their own
(Mask A, t(11) = 4.4, p < .01; Mask B, t(11) = 7.0, p < .001),
and were only 1.1 ms different from each other (Figure 2).
The standard error of this difference was 2.8 ms and the
95% confidence bounds were 5.0 ms (Mask A > Mask B)
and 7.2 ms (Mask B > Mask A). In other words, although
Mask B, which contained no target features, should pro-
duce little if any mask-induced priming, the true mean NCE
for Mask B is unlikely to be more than 5 ms smaller than
the mean NCE for Mask A. A t test confirmed that the
difference between the NCEs for each mask was much
smaller than the mean size of the NCE itself (t(11) = 5.8, p
< .001; this pattern was found for all participants but one).

For median RT, the same pattern was apparent: a main
effect of compatibility (F(1, 11) = 31, MSE = 83, p < .001),
no interaction with mask-type (F(1, 11) < 1), and robust
NCEs for both masks alone (Mask A, t(11) = 5.5, p < .001;
Mask B, t(11) = 4.5, p < .001). The difference between the
NCEs for each mask was only 1.3 ms, with standard error of
2.5 ms and a 95% confidence bound of 6.9 ms in the direction
of the mask-induced priming hypothesis (Mask A > Mask B).
Equivalent patterns in error rate were not significant.

There was no correlation across participants between
prime discrimination performance and the size of the NCE
for Mask A (r = –0.28; p = .4) or Mask B (r = –0.08; p = .8;
but when all participants have near chance prime discrimina-
tion, there is not much scope for a correlation to occur).

Experiment 2

Discrimination of the Prime

Mean discrimination performance was 49% for Mask A and
52% for mask B, which do not statistically differ from chance
(both t(11) < 1). One participant had a score of 67.5% (d′ =
0.64, χ2 p < .05), while all others scored below 58% (d′ =

0.29). No participant reported noticing the difference be-
tween the masks, but when the mask shared elements with the
prime (Mask A with 135° primes and Mask B with 45°
primes), mean correct was 56%, whereas when the mask con-
tained elements of the alternative prime, mean performance
was 45% (t(11) = 3.8, p < .01). Better prime discrimination for
masks containing prime features might possibly account for
some of the apparent mask compatibility effect described be-
low (examine Table 1), making mask-induced priming even
less important. However, given that masks containing prime
features are expected to be more, not less, effective masks
(e.g., Schlaghecken & Eimer, 2006), and that discrimination
with masks containing the alternative prime features was sig-
nificantly below 50% (t(11) = 2.2, p < .05), it is likely that the
features in the mask simply biased discrimination responses,
rather than truly altered prime visibility.

Compatibility Effects

Mean RT in trials with compatible primes was greater than
mean RT in trials with incompatible primes (t(11) = 7.4, p <
.001): a prime-target NCE of 25.8 ms (Table 1; Figure 3).
NCEs also occurred in median RT (26.5 ms; t(11) = 7.1, p <
.001) and in the error rates (3.1%; t(11) = 4.0, p < .01). The
effect of the mask was also evident: mean RT was 11.6 ms
faster for masks containing target features than for masks
containing features of the opposite target (t(11) = 5.4, p <
.001), and this pattern was also mirrored in median RT
(12.8 ms; t(11) = 5.3, p < .001) and in the error rates (1.6%;
t(11) = 4.3, p < .01). ANOVAs with factors of prime com-
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Figure 2. Results for Experiment 1. Filled symbols and
lines represent mean RT for compatible and incompatible
trials (averaged across left and right targets), while open
bars represent error rates. The mask-induced priming hy-
pothesis predicts a negative compatibility effect (NCE) for
Mask A, but not for Mask B, which did not contain any
target features (vertical and horizontal lines). The motor
inhibition hypothesis predicts NCEs for both types of mask.
Error bars show standard errors of the within subject com-
patibility effects.
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patibility and mask compatibility confirmed the main ef-
fects for both these factors in mean RT (F(1, 11) = 23, MSE
= 259, p = .001; F(1, 11) = 19, MSE = 71, p = .001), median
RT (F(1, 11) = 21, MSE = 303, p = .001; F(1, 11) = 23,
MSE = 79, p = .001), and in error rates (F(1, 11) = 12, MSE
= 8.3, p < .01; F(1, 11) = 10, MSE = 2.2, p < .01). There
were no interactions (all F values < 1.7). There was no
correlation across participants between prime discrimina-
tion performance and the size of the NCE (r = –0.07; p =
.8) or the mask compatibility effect (r = 0.03; p = .9; but
when all participants have near chance prime discrimina-
tion, there is not much scope for a correlation to occur).

Crucially, the main effect of mask compatibility was on-
ly half as large as the NCE associated with the primes (Fig-
ure 3). Moreover, the NCE was larger than the mask com-
patibility effect for the whole 95% confidence interval of
this difference (5.6 to 22.8 ms for means; 4.2 to 23.3 ms for
medians; t-test comparisons of the numerical size of the
effects: mean RT, t(11) = 3.6, p < .01; median RT, t(11) = 3.2,
p < .01; error rate, t(11) = 1.7, p > .05). Thus, while there
was a measurable priming effect from the mask, it was not
nearly large enough to account for the whole NCE.

Note that the design of Experiment 2 allowed the data
to be labeled according to three different compatibility
variables: prime-target compatibility, mask-target compat-
ibility and prime-mask compatibility. However, only two
of the three are independent (the third variable is the inter-
action of the other two), so that whichever two are chosen,
the data reduce to the same four values (see Figure 3):
388 ms for compatible prime-target, mask-target and

350

360

370

380

390

400

410

420

10

5

%
E

rr
o

r

M
ea

n
R

T
/m

s

Mask -target
Compatibility

Compatible

Incompatible

Compatible Incompatible

Prime -target compatibility

Figure 3. Prime-Target compatibility effects and Mask-Tar-
get compatibility effects for Experiment 2. As in Figure 2,
the lines plot RT, while the bars plot error rates. Prime-tar-
get compatibility refers to whether the prime was the same
as the target, or associated with the opposite response.
Mask-target compatibility refers to whether the mask con-
tained features of that trial’s target, or of the alternative
target. The key findings are that both a prime-target NCE
and a mask-target compatibility effect occurred, but the lat-
ter was much smaller than the former, making it implausi-
ble that mask induced priming can account for the whole
NCE. Error bars are standard errors of the NCEs for each
condition of mask compatibility.

Table 1. Trial types, predictions and results for Experiment 2

Trial type 1 2 3 4 5 6 7 8

Target \\ // \\ // \\ // \\ //

Prime \\ // // \\ \\ // // \\

Prime-Target compatibility compat compat incompat incompat compat compat incompat incompat

Mask contains \\ contains \\ contains \\ contains \\ contains // contains // contains // contains //

Mask-Target compatibility compat incompat compat incompat incompat compat incompat compat

Predictions:

Motor inhibition inhibition inhibition facilitation facilitation inhibition inhibition facilitation facilitation

Mask-induced priming facilitation inhibition facilitation inhibition inhibition facilitation inhibition facilitation

Results:

Mean RT (ms) 388 395 363 377 400 386 374 364

Median RT (ms) 383 386 353 371 394 378 367 353

Error Rate (%) 6.3 6.2 1.5 3.8 5.7 2.8 2.3 1.8

The trial type section shows the orientation of the targets and primes for each of the eight trial types, and whether the mask contained lines of
that orientation or not. The motor inhibition hypothesis predicts that motor activation by the prime is inhibited, so responses to a compatible
target will be inhibited and responses to the opposite target will be facilitated. Mask-induced priming predicts that when the mask contains
elements of the target, responses are facilitated, and when the mask contains elements of the opposite target, responses are inhibited. If the prime
interacts with the mask to make prime features less salient, then mask-induced priming also predicts a similar pattern as the motor inhibition
hypothesis, but this pattern should be weaker than the one produced directly by the features actually present in the mask. Both patterns are
present in the results (see Figure 3). The results shown are the means of each participant’s mean RT, median RT and error rate per condition.
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prime-mask; 362 ms for incompatible prime-target, com-
patible mask-target and incompatible prime-mask; 400 ms
for compatible prime-target, incompatible mask-target and
incompatible prime-mask; 374 ms for incompatible prime-
target, incompatible mask-target and compatible prime-
mask. If instead of using prime-target and mask-target vari-
ables for the analysis, as above, we use prime-target and
prime-mask factors for the ANOVA, there is no main effect
of prime-mask compatibility, but there is an interaction.
This occurs because the prime-mask variable represents the
interaction between prime-target compatibility and mask-
target compatibility, while the interaction between prime-
mask and prime-target is the main effect of mask-target
compatibility (reported above). Therefore, while the data
can be described in different ways, the results are the same:
a large effect of prime-target compatibility (the NCE), a
smaller effect of mask-target compatibility, and no interac-
tion between them (i.e., no main effect of prime-mask com-
patibility). However, the choice of variables used to de-
scribe the data can imply different interpretations, and this
issue is discussed below.

Discussion

Mask-Induced Priming

If masked prime paradigms are to be used to study mech-
anisms of motor initiation and control, it is important to
understand the potential influences of any interactions be-
tween the stimuli employed. If the mask alters our percep-
tual representation of the prime, then the prime may alter
our perceptual representation of the mask, and any resultant
saliency imbalance for features similar to the targets could
potentially cause patterns of response activation opposite
to, or different from, those predicted from the primes (Jas-
kowski & Przekoracka-Krawczyk, 2005; Lleras & Enns,
2004; Verleger et al., 2004). I have referred to this general
possibility as mask-induced priming, to distinguish it from
the traditional idea of prime-induced priming.

It is now generally accepted that mask-induced priming
is important when masks are constructed by combining the
features of each prime (Klapp, 2005; Lleras & Enns, 2004;
Schlaghecken & Eimer, 2002; Verleger et al., 2004). Here,
I have attempted to clarify the role of mask-induced prim-
ing when masks are composed of randomly oriented lines,
as used in many studies that have purported to study motor
inhibition (e.g., Aron et al., 2003; Eimer & Schlaghecken,
2002; Praamstra & Seiss, 2005; Schlaghecken & Eimer,
2002, 2004; Seiss & Praamstra, 2004, 2006).

Mask-induced priming predicts an NCE for masks con-
taining the features of the primes and targets, but not for
masks that don’t contain these features. However, Experi-
ment 1 found NCEs for both types of mask, and any differ-
ence between these NCEs was likely to be less than 5 ms
(according to the 95% confidence interval of the difference

between the measured NCEs). In Experiment 2, mask-in-
duced priming was produced by a physical imbalance of fea-
tures in the masks, which was expected to represent an upper
limit of the likely perceptual imbalance that might occur
through saliency modulation of any mask features that are
similar to prime features. However, the effect of the physical-
ly imbalanced masks was only half as large as the NCE asso-
ciated with prime identity. Taken together, the results of the
two experiments suggest that when random line masks are
employed, mask-induced priming is not the only factor pro-
ducing the NCE. Indeed, in the conditions employed here, it
appears to make only a minor contribution.

It is important to consider whether the main effects of
prime-target compatibility and mask-target compatibility
measured in Experiment 2 were direct causal effects of the
prime and mask, respectively, on responses to the target, or
whether they might have arisen through indirect effects of
prime-mask compatibility. In other words, the mask-target
compatibility effect might have arisen through the mask mod-
ulating the prime-target compatibility effect, rather than the
mask directly affecting responses to the target (and in this
case the mask-target main effect would be better described as
the interaction between prime-mask compatibility and prime-
target compatibility). In fact, this possibility has already been
raised in the context of prime visibility (see “Discrimination
of the Prime”): if prime-mask compatibility modulated prime
visibility, this could in turn modulate the prime-target NCE.
However, if the mask-target compatibility effect can be ac-
counted for in this or other ways, this acts only to reduce the
impact of mask-induced priming even further, in line with the
conclusions already reached above that it is not the major
source of the NCEs measured here.

More pertinent to the current discussion is whether the
prime-target compatibility effect should more appropriate-
ly be considered an interaction between prime-mask com-
patibility and mask-target compatibility. In fact, this is in
essence an expression of the mask-induced priming hy-
pothesis, and therefore this issue has also already been dis-
cussed above in different words. If we assume no direct
influence of the prime on responses to the target, we must
explain how prime identity can modulate the mask-target
compatibility effect by plus or minus 26 ms, while the
mask-target compatibility effect itself was only 12 ms. Is it
plausible that saliency modulation or contrast effects pro-
duced by a 20 ms prime on a 100 ms mask could be so much
larger than the effect of actually including or omitting target
features in the mask itself? It would seem much more plau-
sible to accept that, in addition to any such mask-induced
priming effects, the prime also affects responses to the tar-
gets via motor activation and inhibition.

Source Confusion and Feature Discounting

The results reported here also argue against an alternative
explanation of the NCE involving an extension of Huber et
al.’s (Huber, Shiffrin, Lyle, & Ruys, 2001; Huber, Shiffrin,
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Quach, & Lyle, 2002) computational theory for “respond-
ing optimally with unknown sources of evidence”
(ROUSE). Huber et al. argued that when targets and primes
are present in temporal proximity, there is source confusion
between the features activated by each, and participants
employ a cognitive mechanism of feature “discounting” to
attempt to remove prime activation from the target decision
process. If this discounting process over-compensates for
prime activity, then a bias against targets that share these
features can occur (i.e., an NCE). Although, Huber et al.
found over-compensation only for long duration visible
primes, in the context of the masked-prime paradigm, fea-
tures of the visible mask may be subjected to the discount-
ing process, and assuming source confusion between acti-
vation from prime and mask, prime features may also get
discounted (J. Enns, personal communication).

However, if the NCE is to be explained by over-discount-
ing of prime activity source-confused with the mask, this
would predict that features of the mask itself should also be
over-discounted, leading to a negative, not positive, mask-
target compatibility effect in Experiment 2. Indeed, Huber et
al. (2001, 2002) explicitly predicted that over-discounting
was more likely for more strongly activated features. Thus
the co-occurrence of a prime-target NCE and a mask-target
positive compatibility effect in the same experiment appears
to rule out an explanation of the NCE along these lines.

Prime-Target Perceptual Interactions

Lleras and Enns (2005) suggested that, in addition to prime-
mask interactions, prime-target interactions may contribute
to the NCE by rendering targets opposite to the prime more
salient (though processes akin to repetition blindness or neg-
ative priming). They found an NCE when target and prime
occurred in the same location, but a PCE when they occurred
in different locations. However, attention to the primed loca-
tion presumably differed across these conditions, and atten-
tion has been found to modulate the effect of primes in this
paradigm (Sumner et al., 2006) and in others (Lachter, Fors-
ter, & Ruthruff, 2004; Naccache, Blandin, & Dehaene, 2002).
Other studies (which used random line masks) have found
robust NCEs with primes and targets presented in different
locations (Praamstra & Seiss, 2005; Seiss & Praamstra, 2004;
Sumner et al., 2006). Moreover, in a control experiment,
Sumner et al. found equivalent NCEs for targets presented in
the same or different location as the prime (19 ms vs 20 ms).
Thus the current evidence suggests that while perceptual
prime-target interactions may occur, they do not account for
the NCE measured in most studies.

Motor Inhibition

If perceptual interactions between primes and masks or
primes and targets cannot account for the whole NCE when
random line masks are employed, then motor inhibition

seems to make an important contribution. However, the
mechanism by which inhibition occurs may not follow the
hypothesis developed by Schlaghecken and Eimer (e.g.,
1998, 2002, 2006) and by Klapp and Hinkley (2002), in
which partially activated responses self-inhibit when per-
ceptual evidence supporting them is removed (see Sumner,
2007, for a review of recent evidence for and against com-
ponents of this motor inhibition theory). It has recently
been proposed that motor inhibition may instead be stimu-
lus-triggered. In the “mask-triggered inhibition” hypothe-
sis (Jaskowski, 2007; Jaskowski & Przekoracka-Kraw-
czyk, 2005) and the “onset-triggered suppression” hypoth-
esis (Lleras & Enns, 2006) the appearance of a second
stimulus after the prime – the mask – automatically elicits
an “emergency break” or “whoops response” that inhibits
any motor activation initiated by the prime. In support of
this idea, NCEs were found with “masks” that did not spa-
tially overlap the primes, and thus did not remove percep-
tual evidence of the primes (Jaskowski, 2007; Lleras &
Enns, 2006). Thus, even in circumstances where motor in-
hibition makes the main contribution to the NCE, masks
may still play an essential role beyond simply reducing
prime visibility.

Pragmatics of Mask Composition

It is clear that to investigate automatic motor inhibition
with masked primes we must design masks with care. It is
important to control both mask-induced priming and prime
visibility, because the latter’s potential relationship with the
NCE is yet to be clarified. It is very difficult to obtain ef-
fective masking when masks contain no features more sim-
ilar to one target than to the other, but one way forward
might be to use masks like Mask B in Experiment 1. This
type of mask contains several orientations (or other fea-
tures), but omits the features most similar to the primes and
targets that are most likely to cause mask-induced priming.
Any residual mask-induced priming should be small given
that there was no evidence of it in Experiment 1 even with
Mask A, which included target-like features.

An important aspect of the random line masks employed
in this and other studies is that new random masks were gen-
erated on each trial (e.g., Schlaghecken & Eimer, 2002, 2004,
2006). The original reasoning for this was to avoid increased
prime discrimination due to perceptual learning of the mask,
but it may also be important in reducing consistent mask-in-
duced priming. If the motor priming under investigation re-
quires consistent mapping between simple stimuli and spe-
cific responses, it makes sense that denying such consistency
from the masks may reduce their potential priming ability.
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