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Abstract Four experiments investigated the influence of
a metacontrast-masked prime on temporal order judg-
ments. The main results were (1) that a masked prime
reduced the latency of the mask’s conscious perception
(perceptual latency priming), (2) that this effect was
independent of whether the prime suffered strong or
weak masking, (3) that it was unaffected by the degree
of visual similarity between the prime and the mask,
and that (4) there was no difference between congruent
and incongruent primes. Finding (1) suggests that lo-
cation cueing affects not only response times but also
the latency of conscious perception. (2) The finding
that priming was unaffected by the prime’s detectability
argues against a response bias interpretation of this
effect. (3) Since visual similarity had no effect on the
prime’s efficiency, it is unlikely that sensory priming
was involved. (4) The lack of a divergence between the
effects of congruent and incongruent primes implies a
functional difference between the judgments in the
temporal order judgment task and speeded responses
that have demonstrated differential effects of congruent
and incongruent primes (e.g., Klotz & Neumann,
1999). These results can best be interpreted by assum-
ing that the prime affects perceptual latency by initi-
ating a shift of attention, as suggested by the
Asynchronous Updating Model (AUM; Neumann
1978, 1982).

Perceptual latency priming by metacontrast-masked
stimuli: Evidence for an attentional interpretation

Metacontrast is a version of visual backward masking in
which the mask is presented laterally adjacent to the

masked stimulus. Metacontrast may produce strong
masking, and the masking function has typically the
shape of an inverted U, with its maximum at a stimulus
onset asynchrony (SOA) around 40–60 milliseconds (ms)
(Bachmann, 1994; Breitmeyer, 1984; Breitmeyer & Og-
men, 2000; Enns & Di Lollo, 1997; Neumann &
Müsseler, 1990). Although the discovery of metacontrast
dates back to the early twentieth century (Stigler, 1910;
Werner, 1935), massive research started only in the
1960s, with a focus on possible mechanisms that produce
the masking (e.g., Bridgeman, 1971; Breitmeyer & Ganz,
1976; Neumann, 1978; Turvey, 1973; Weisstein, 1966).
More recently, there has been a renewed interest in
metacontrast, but with a different emphasis. While ef-
forts to understand its functional basis have continued
(e.g., Breitmeyer & Ogmen, 2000; Francis, 1997), most
of the recent research has used metacontrast as a
methodological tool.

One reason for this shift in research emphasis has
been the finding that metacontrast is an efficient means
for excluding a stimulus from conscious perception
without obliterating its effects on processes that go on
without awareness. Evidence for effects of masked
stimuli (primes) has been found at various levels of in-
formation processing, such as motor preparation (e.g.,
Eimer & Schlaghecken, 1998; Jaskowski, van der Lubbe,
Schlotterbeck, & Verleger, 2002; Leuthold & Kopp,
1998; Klotz & Neumann, 1999; Klotz & Wolff, 1995;
Neumann & Klotz, 1994; Vorberg, Mattler, Heinecke,
Schmidt, & Schwarzbach, 2003), perceptual processing
(e.g., Bar & Biederman, 1998) and semantic processing
(e.g., Damian, 2001; Dehaene, Naccache, Le Clec’H,
Koechlin, Mueller, Dehaene-Lambertz, van de Moor-
tele, & Le Bihan, 1998). The purpose of the present re-
search was to investigate the possible ability of a masked
prime to reduce the latency of the conscious perception of
the masking target.

There is evidence that such an effect might exist. One
of the earliest demonstrations of a version of the meta-
contrast dissociation was a study by Fehrer and Raab
(1962; see also Fehrer & Biederman, 1962; Schiller &
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Smith, 1966). These authors found that simple response
time (RT) to metacontrast-masked stimuli was unaf-
fected by masking. They interpreted this finding as in-
dicating that a motor response could be activated
without the conscious perception of the stimulus.
However, their data lend themselves to an alternative
explanation: The masked prime might have facilitated
the perceptual processing of the masking target, which
could have resulted in a shorter latency of its conscious
perception (Neumann, 1982). According to this account,
it was not the masked prime that triggered the motor
response, but the consciously perceived masking target.
There was, corresponding to this explanation, no direct
specification of motor parameters by the masked prime,
but a reduction of the perceptual latency of the mask,
which would indirectly have led to a shorter RT.

This interpretation of Fehrer and Raab’s (1962)
results was first tested in a study which compared a
temporal order judgment (TOJ) task and an RT task
(Neumann, 1982). In the RT task, participants re-
sponded with a simple response to a ring, and in the
TOJ task, they judged the temporal order of two rings.
In experimental trials, one of the rings was preceded by
a disk that was masked by it (a prime; Werner, 1935).
Presentation of the masked disk shifted the point of
subjective simultaneity (PSS) by about 40 ms in favor
of the primed ring. This suggests that the latency of the
conscious perception of the ring was reduced by the
masked prime. However, the amount of this reduction
was only about half the size of the SOA between the
prime and the mask. This contrasted with the RT task,
in which simple RT was facilitated by almost the full
size of the SOA. Thus, the predicted effect on TOJ was
obtained, but it was insufficient to explain the masked
prime’s effect on RT. On the one hand, these results
supported Fehrer and Raab’s (1962) idea that masked
stimuli could directly activate a motor response. On
the other hand, there was a different phenomenon,
interesting in itself, namely the prime’s effect on the
latency of the conscious perception of the masking
target.

Neumann (1982) interpreted this perceptual latency
priming (PLP) as an attentional effect: Perceiving a vi-
sual stimulus requires attention to be directed to its lo-
cation, and, according to this explanation, the prime
initiated an attention shift, thereby reducing the latency
of conscious perception. The findings from the original
study were replicated in two later investigations (Neu-
mann, Esselmann, & Klotz, 1993; Steglich & Neumann,
2000). However, these studies were not designed to
critically test the assumption that the prime’s effect was
attentional. Though plausible in the context of the large
body of research that has demonstrated facilitation of
RT by peripheral cues that share the target’s location
(for reviews see, e.g., Cave & Bichot, 1999; Hopf, Luck,
Girelli, Hagner, Mangun, Scheich, & Heinze, 2000;
Perry & Zeki, 2000; van der Heijden, 1992), this as-
sumption is in need of further support. The reasons are
that (1) TOJs are prone to be affected by response bias,

and (2) priming by a location cue could be sensory
rather than attentional.

There have been several attempts to demonstrate
that allocating visual attention to a location reduces
perceptual latency as measured by TOJ. For example,
Maylor (1985) and Gibson and Egeth (1994) have re-
ported decreased perceptual latency as a result of pe-
ripheral cueing of a possible target location. However,
they used a spatially compatible judgment mapping,
which is prone to response biases. Stelmach and
Herdman (1991) used either peripheral or symbolic
central cues to manipulate the allocation of attention.
Both methods resulted in a shift of the PSS in favor of
the attended stimuli. However, Pashler (1998) and
Jaskowski (1993) have argued that effects like these
may also have been due to a response bias in favor of
the primed, or otherwise more conspicuous (e.g., at-
tended), stimulus (see also Spence, Shore, & Klein,
2001). When uncertain about the order of the stimuli,
participants might tend to select the stimulus that was
cued, or that they were asked to attend to. This re-
sponse bias interpretation of a PSS shift has received
some support from Jaskowski’s (1993) finding that al-
lowing ‘‘simultaneous’’ judgments in addition to ‘‘first’’
and ‘‘second’’ judgments (employing ternary instead of
binary judgments) abolished a PSS shift that had been
observed with binary judgments (though see Scharlau,
2002b; Shore, Spence, & Klein, 2001; Spence, Shore, &
Klein, 2001).

Even if perceptual latency priming in TOJ experi-
ments is not an artifact of response bias, it need not have
an attentional basis. Alternatively, it is possible that the
prime has a facilitatory effect on the sensory processing
of the masking target. In previous research, the prime
was always visually similar to the mask (examples are
the stimuli used by Gibson & Egeth, 1994; Maylor, 1985;
Neumann, Esselmann, & Klotz, 1993; Steglich & Neu-
mann, 2000). Therefore, the prime could have preacti-
vated detectors for these sensory features and thereby
reduced sensory processing time for the mask favoring
perceptual priming (for a review see Wiggs & Martin,
1998; Bar & Biederman, 1998; Haber & Hershenson,
1965; Hershenson & Haber, 1965).

To summarize, there is evidence that a prime reduces
the latency of the conscious perception of the masking
target, and it has been hypothesized that this facilitation
is due to an attention shift initiated by the prime despite
its being masked. The present experiments were intended
to test the attentional account of PLP directly against
the alternative explanations. The primary purpose was
to look into the possibility of sensory priming. Some of
the experiments also provided evidence relevant to the
response bias account.

Overview

The aim of the first experiment was to reproduce per-
ceptual latency priming under the conditions of the
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present series of experiments. In the other experiments,
the prime’s similarity to the mask was varied to decide
whether PLP depends on shared features of prime and
mask. If the prime produces PLP because it acts as a
cue for a shift of attention, then its effect should be
independent of whether or not it is visually similar to
the target. By contrast, sensory priming should increase
with the amount of featural overlap. Experiment 2
compared the effects of primes that were identical in
shape with the mask (though smaller) with the effects
of differently shaped primes (congruent vs. incongruent
primes). An additional purpose of this experiment was
to rule out the possibility that participants misunder-
stood the instructions and based their TOJ on the
perceived onset of the prime rather than that of the
target. In Experiment 3, we used primes whose shape
differed so massively from that of the masks that they
were only slightly masked. This provided both an ad-
ditional test of the sensory priming hypothesis (ac-
cording to which PLP should vanish with these
stimuli), and a test of the response bias hypothesis
(which predicts that it should increase because a
response bias can only be effective if the prime is
detected). As a final test of all three alternative
accounts – sensory priming, response bias, and atten-
tional cueing – the similarity of prime and masking
target was varied on two different dimensions (shape
and color) in Experiment 4.

Experiment 1

The first experiment was designed to demonstrate PLP
by metacontrast-masked primes.

Method

Participants Seventeen student volunteers (7 males; mean age =
25.4 years) took part in the experiment. They were either paid
EUR 15 or participated in fulfillment of course requirements. Two
participants were excluded because they did not show up for the
second part of the experiment. All participants reported normal or
corrected-to-normal vision.
Sessions The experiment consisted of a TOJ session, followed by a
signal detection (SD) session, which served to assess the amount of
masking. The TOJ session always preceded the SD session since the
SD task required informing participants about the presence of
primes, of which they remained ignorant in the TOJ session.
Apparatus Stimuli were presented in dark grey (14 cd/m2) on white
background (103 cd/m2) on a 17’’ color monitor. Participants re-
sponded by pressing either the left or the right key of a mouse,
using their dominant hand. Viewing distance was fixed at 60 cm by
a chin rest. The experiment was controlled by a computer that also
served for data recording.
Stimuli In each trial, a pair of visible stimuli (targets) was pre-
sented. It consisted of a square and a diamond, both with star-like
inner contours (Figure 1). This type of stimuli, originally used by
Klotz (1996), has been shown to produce excellent metacontrast
masking (Klotz & Neumann, 1999). The target pair was aligned
either horizontally or vertically, with the stimuli located at a ver-
tical distance of approximately 8.5� from fixation. The prime was a
smaller replica of either the square or the diamond that fitted ex-
actly into the inner contours of target. A target was always com-

bined with a prime of identical shape. Edge length of targets was
2.3�; primes had an edge length of 1.7�.
General procedure Participants were seated in front of the mon-
itor in a dimly lit room. Each trial started with a dynamical
fixation aid. It consisted of four small dark grey squares (initial
edge length 0.6�) moving quickly from the corners of the screen
towards its center and shrinking in size. After 800 ms, they
merged into a single square which disappeared after a random
delay of 100 to 200 ms. As a fixation control, participants were
instructed to observe this square and detect a variation. In a
randomly selected 5% of the trials, the fixation point appeared as
an empty instead of a filled square, changing into a filled square
after 100 ms. Participants were instructed not to respond in these
trials. However, it turned out that only some of the participants
consistently followed this instruction (did not miss a single vari-
ation). According to debriefing after the experiment, mistakes
occurred because participants failed to withhold their response
although they had detected the empty square, that is, attended to
fixation. Therefore, we decided to eliminate participants only if
they had responded to more than a quarter of these catch trials.1

The target pair was presented immediately after the disap-
pearance of the fixation square. In half of the trials, targets ap-
peared to the left and right of fixation, and in the other half above
and below fixation, in an unpredictable order. Assignment of the
two shapes to the two locations in each trial was also randomized.
Targets were presented for 32 ms with an SOA between –128 ms
and +128 ms in steps of 32 ms. In half of the trials, one of the
targets was preceded by a prime. The prime was presented for

Fig. 1 Stimuli employed in the experiments. Row a) depicts the
targets. In b) the congruent primes of Experiment 1 are shown. If
incongruent, as in some conditions of Experiment 2, the square
prime would be assigned to the diamond target and vice versa. Row
c) shows the primes of Experiments 3 and 4. In Experiment 3 they
were assigned as depicted; in Experiment 4, the x-prime was
followed by the square target and the +-prime by the diamond in
order to decrease perceptual similarity

1One might argue that this control does not sufficiently exclude eye
movements, and that therefore an eye movement or express saccade
account of the data is feasible. In a yet unpublished experiment
with EOG recordings, we found a PLP effect of 45 ms with a
priming SOA of 48 ms. When we reduced data by eliminating those
trials in which a vertical eye movement occurred (vEOG amplitude
of more than 40 lV; targets were presented on the vertical midline
in this study), the priming effect was 46 ms. There was no difference
between the two sets of data (t[8] < 1). Though stimulus conditions
in this experiment were not strictly comparable to the experiments
reported in the presented study, these data do not favor an eye
movement account.
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32 ms, and the SOA between prime and masking target was 64 ms.
(For an example trial, see Figure 2.) The positions of the primed
targets were balanced, and each of the two shapes was primed
equally often. Thus, there were 18 conditions (9 target SOAs and
prime/no prime). Each condition was presented 64 times in each
session in a random order.2

TOJ task In the first session, participants judged the temporal
order of the targets. Half of them responded with the left mouse
button when they saw the square first and with the right button
when the diamond was perceived first; for the other half the as-
signment was reversed. Thus, the defining feature of the judgment
(stimulus shape) was independent of the dimension in which at-
tention was manipulated (location), a methodology which reduces
the contribution of response bias to the possible effects and was
used in earlier studies (see Scharlau, 2002a; Shore, Spence, & Klein,
2001; Spence, Shore, & Klein, 2001; Steglich & Neumann, 2000).
The instructions emphasized accuracy and did not require fast re-

sponding. Before data were recorded, participants had the oppor-
tunity to practice until they were sure that they had understood the
instructions and were familiar with the task. No primes were pre-
sented in these trials. Feedback was given during practice if par-
ticipants responded erroneously to catch trials, but no feedback
was provided for temporal order judgments. During the experi-
ment, participants could request a break whenever they wished. A
session had a duration of about 75 min.
Signal detection (SD) task Except for the task, this session was
identical to the first. Participants were told that in about half of the
trials one of the targets would be preceded by a prime and that their
task was to detect these trials, that is, to respond ‘‘yes’’ if one of the
targets was preceded by a prime, and ‘‘no’’ if there was no prime.
For half of the participants, the ‘‘yes’’ response was assigned to the
left mouse button; for the other half, the assignment was reversed.

Results

TOJ task To construct psychometric functions, the
primed target was defined as the comparison stimulus,
and the unprimed target as the standard stimulus. In

Fig. 2 Succession of events in
an example trial. Each trial
started with the presentation of
a dynamical fixation support
(first frame), followed by a
random delay of 100 to 200 ms
(second frame). The other
frames show an example of a
primed trial with the compari-
son preceding the standard
stimulus (negative target SOA)

2The reason why the control condition was presented with as many
repetitions as the four primed conditions taken together was that
an equal number of primed and unprimed trials was required for
the SD task, which was designed to match the TOJ task as closely
as possible.
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trials without a prime, this assignment was made ran-
domly. Negative values were arbitrarily assigned to
SOAs in which the comparison stimulus preceded the
standard stimulus. Figure 3 shows the relative fre-
quencies of the response ‘‘standard first’’ as a function
of SOA. The shape of the psychometric functions for
both priming conditions is sigmoid. Inspection of the
data of individual participants indicated that this was
also the case at the individual level and that the indi-
vidual distributions could be best approximated by
logistic functions. Logit analysis (Finney, 1971) was
used to estimate the point of subjective simultaneity
(PSS) and the difference limen (DL, defined as the in-
terquartile range) for each participant. If necessary,
degrees of freedom were corrected by the Greenhouse-
Geisser-coefficient �, and alpha was adjusted accord-
ingly (Hays, 1988).

As can be seen from Figure 3, priming had a large
effect on TOJ. For primed trials, the average PSS shifted
from 0 ms to +33 ms. Individual PSSs were entered into
a one-way ANOVA that revealed a highly significant
effect of priming (F[1, 14] = 294.52; P < 0.01). Cohen’s
d (Cohen, 1977) was 5.83, indicating a strong effect of
priming. Figure 3 also shows similar slopes for primed
and unprimed trials. This was confirmed by an ANOVA
for individual DLs which showed no effect of priming
(F[1, 14] = 1.4; P = .2563).
SD task To assess strength of masking, d’ was calcu-
lated for each participant (Green & Swets, 1966; Velden,
1982). The average value of d’ = .50 was small, but just
significantly different from zero (t[14] = 2.86; P < .05),
indicating strong, but not total masking.

Discussion

Experiment 1 replicated the basic findings of Neumann
(1982), Neumann et al. (1993), and Steglich and Neu-
mann (2000). A prime that was strongly masked had a
massive effect on TOJ, indicating PLP in the order of

magnitude of about half the SOA between the prime and
the target (PLP = 33 ms; SOA = 64 ms). The quanti-
tative relationship between the size of the masking SOA
and the amount of PLP also agrees with these previous
studies as well as with investigations by Aschersleben
(1999a, 1999b) who employed a synchronization task to
assess PLP in addition to a TOJ task. However, Ex-
periment 1 does not yet provide evidence about the
relative merits of the alternative theoretical accounts.
Since primes and targets were always visually similar,
attentional priming as well as sensory priming can ac-
count for the effect. Response bias can also not be
completely excluded as a factor, since there was some
residual discrimination of the primes, which may have
biased participants to judge the primed targets ‘‘first’’. In
a first attempt to decide between an attentional and a
sensory priming interpretation, Experiment 2 employed
two types of prime-target pairings that varied in visual
similarity.

Experiment 2

In experiments that have investigated speeded responses
to primed targets, the prime’s effect has been reported to
depend on whether it is congruent or incongruent. In
terms of the present stimuli, a congruent prime is a small
square followed by a larger square, or a small diamond
followed by a larger diamond, whereas incongruent
stimulus pairings consist of a square followed by a dia-
mond or vice versa. Research on the metacontrast dis-
sociation has demonstrated that congruency is a major
factor in the priming of motor responses if the two
stimuli are associated with different response alternatives
(e.g., Eimer, 1999; Jaskowski et al., 2002; Klotz &
Neumann, 1999; Klotz & Wolff, 1995; Neumann &
Klotz, 1994; Leuthold & Kopp, 1998; Schwarzbach,
2000; Vorberg et al., in press).

A comparison between congruent and incongruent
stimuli can be used to test alternative predictions of the
attentional and the sensory accounts of PLP. An atten-
tional effect should be independent of the visual simi-
larity between the prime and the target, since the prime’s
ability to attract attention is unlikely to be affected by
the type of target that follows at a delay of 64 ms. Hence
congruent and incongruent primes would be expected to
entail an identical amount of priming under this hy-
pothesis. According to the sensory hypothesis, by con-
trast, an incongruent prime has less featural overlap with
the masking target than a congruent prime and should
therefore produce less priming.

Comparing the effects of congruent and incongruent
primes can also help to clarify a methodological criti-
cism that has been raised, e.g., by Pashler (1998). He
argued that participants in experiments that apparently
demonstrated PLP actually based their judgment on the
perceived onset of the prime, and not that of the target.
This cannot be excluded for Experiment 1, in which the
prime and the target were visually similar and couldFig. 3 Psychometric functions for the TOJ task in Experiment 1
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hence be easily confused, and where some residual de-
tectability of primes was observed. For the present ex-
periment, this argument leads to a clear prediction: If
participants base their TOJ on the conscious perception
of the prime rather than the target, then incongruent
trials should be associated with a higher error rate than
congruent trials, which should result in a flatter psy-
chometric function. This follows from the fact that
participants were asked to base their response on the
shape of the first stimulus (e.g.: ‘‘If the square appeared
first, press the left button, if the diamond appeared first,
press the right button’’). A response to the incongruent
prime instead of the target would hence be an incorrect
response, and an increase in the number of incorrect
responses would produce a flatter psychometric func-
tion, that is, a larger DL.

Method

Participants Participants were 19 volunteers (13 male, mean age =
25.5 years) who served under the same conditions as in Experiment
1. Three were excluded from data analysis because they failed fix-
ation control. A further participant was excluded because he
pressed the ‘‘square first’’ button in all trials of the TOJ task. The
remaining 15 participants reported normal or corrected-to-normal
visual acuity. They were paid EUR 10 or participated in fulfillment
of course requirements.
Stimuli The major difference to Experiment 1 was that half of the
primes were congruent and half incongruent. To keep the number
of experimental trials acceptable despite this increase in the number
of conditions, only SOAs between –64 ms and +64 ms were em-
ployed. In all other respects, the stimuli were identical to Experi-
ment 1.
Procedure Procedure in the TOJ task was as in Experiment 1. With
64 repetitions of each of the 15 conditions (5 SOAs x 3 priming
conditions), this task encompassed 960 trials. In the second session,
the task was adjusted to the priming conditions in this experiment.
To find out whether participants could discriminate between con-
gruent and incongruent primes, only target pairs with a prime
preceding one of the targets were presented, and the task was to
decide whether the prime was a diamond or a square. With 64
repetitions of each condition, this session consisted of 640 trials
(congruent/incongruent priming and 5 SOAs).

Results

TOJ task Data analysis was the same as in Experiment
1. As Figure 4 shows, the psychometric functions for
congruent and incongruent primes are virtually indis-
tinguishable and differ markedly from the psychometric
function for the unprimed condition. For trials without
a prime, the mean PSS was located at +2 ms. The PSSs
for congruent trials were at +40 ms and +42 ms, in-
dicating massive PLP in both conditions. A one-factor
ANOVA with the three-level factor priming yielded a
highly significant result (F[2, 28] = 125.26; P <.01; �=
.8121). As revealed by subsequent Scheffé tests, this ef-
fect was due to the differences between the unprimed
condition and each of the primed conditions (P < .01),
which did not differ among themselves. Cohen’s d yields
a very large effect (d = 3.97) for unprimed vs. primed
trials.

Unlike Experiment 1, there was a significant differ-
ence between conditions with respect to the slope of the
psychometric function. DL was 50 ms in trials without a
prime, 37 ms in the congruent, and 38 ms in the incon-
gruent condition (F[2, 14] = 15.34, P < .01; �= .6949).
Scheffé tests showed differences between unprimed and
each of the primed conditions (P < .01), whereas these
did not differ among themselves. With d = .82, Cohen’s
d for the effect of priming was large.
SD task The discrimination task yielded chance per-
formance. d’ was .04, which is not different from zero
(t[14] = .82; P = .4252).

Discussion

The finding that congruent and incongruent primes
resulted in identical psychometric functions provides
answers to both questions that motivated Experiment 2.
First, the results from the two tasks taken together
speak against the possibility that PLP is an artifact of a
residual perception of, and responding to, the primes.
Performance in the discrimination task indicates that
participants were at chance level when asked to decide
whether the prime was a square or a diamond. The TOJ
task did not reveal any difference between psychometric
functions for congruent and incongruent trials. As we
have seen, the slope of the function for incongruent
priming should have been flatter than for congruent
priming if participants had erroneously responded to
the prime instead of the target/mask when judging
temporal order. Instead, DLs were virtually identical in
these two conditions. (The reason for the larger DL in
the unprimed condition is unclear; such a difference did
not appear in any of the other experiments, and it is not
related to the hypotheses under investigation.) Taken
together, these results suggest that (a) participants could
not consciously discriminate between the primes and
therefore (b) did not base their responses on them.

Fig. 4 Psychometric functions for the TOJ task in Experiment 2
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Second, the results of Experiment 2 support the at-
tentional account of PLP and weaken an interpretation
in terms of visual feature preactivation by the prime.
Apart from size, congruent primes were identical to their
corresponding masking targets. By contrast, incongru-
ent primes were visually different. One way of looking at
this difference is to view it as a difference in shape. A
diamond has a corner where a square has an edge and
vice versa. One might also argue that the two stimuli
have the same shape and differ only in orientation. In
any event, stronger PLP by congruent than by incon-
gruent primes would have constituted decisive evidence
in favor of a sensory account. Its absence weakens this
hypothesis. However, one might argue that a diamond
and a square still share enough features to generate the
same amount of sensory priming as in the congruent
case. Hence, a cautious conclusion from Experiment 2 is
that it failed to produce evidence in favor of the sensory
priming hypothesis. It did not yet refute it. This was
attempted in Experiment 3.

Experiment 3

Experiment 3 was mainly planned as a stronger test of
the attentional versus sensory hypotheses than Experi-
ment 2, but based on the same logic. In Experiment 3,
the primes were small crosses with the same size and
location as the primes in Experiments 1 and 2 (see
Figure 2). These primes were not only visually more
dissimilar to the targets than the incongruent primes in
the first two experiments, but also less maskable,
because metacontrast masking is known to depend
critically on the coincidence or a close correspondence
between the outer contours of the prime and the inner
contours of the mask (e.g., Bachmann, 1994; Breit-
meyer, 1984; Breitmeyer & Ogmen, 2000; Werner,
1935).

It was therefore expected that the primes used in
Experiment 3 would be easily detectable. This provided
an opportunity to test the response bias explanation of
PLP in addition to the attentional and sensory hypoth-
eses. A response bias can only be effective if the primed
target differs in some detectable aspect from the unpri-
med target. The small residual detectability of the primes
in Experiment 1 did not completely rule out this possi-
bility. However, given a d’ value of only .50, just dif-
ferent from zero sensitivity, detection of the prime must
have been a rather infrequent event. In Experiment 2,
participants were unable to discriminate between
square-shaped and diamond-shaped primes. These re-
sults suggest that, with the congruent and incongruent
primes used in these two experiments, participants could
at best occasionally discriminate the presence of a prime,
but not its identity. This should have been a weak basis
for response bias in favor of the primed target. A re-
sponse bias should be more effective if the primes are
clearly visible in most trials. Hence the primes in Ex-
periment 3 should, according to the response bias hy-

pothesis, lead to a larger amount of PLP than in the first
two experiments.

To summarize, the three hypotheses make different
predictions for Experiment 3. According to the atten-
tional explanation, the priming effects from Experiments
1 and 2 should be replicated. The sensory hypothesis
predicts a reduction of PLP. If the response bias hy-
pothesis is correct, then there should be a larger overall
priming than in the first two experiments, since more
primes should be detected that could be used to bias the
response.

Method

Participants Instead of excluding participants from data analysis
after the experiment if they had failed fixation control, participants
in Experiments 3 and 4 were selected in advance. 61 student vol-
unteers participated in a pilot session in which they performed a
TOJ task of 320 trials with the standard targets, but without
primes. The fixation control was as described in the Method section
of Experiment 1. Of 61 participants, 16 were eliminated from the
subject panel because they responded to the target in more than
half of the catch trials. Sixteen participants from the remaining
panel (8 female; mean age = 25.9 years) served in Experiment 3
under the same conditions as participants in the first two experi-
ments. All reported normal or corrected-to-normal visual acuity.
They received EUR 15 or participated in fulfillment of course re-
quirements.
Stimuli Stimuli were identical to Experiment 1, except that dif-
ferent primes were used. The prime for a square target was a ‘‘+’’
cross. The prime for a diamond target was an ‘‘x’’ cross (see Figure
1). The crosses had the same sizes as the primes in the first two
experiments, that is, the length of the crossbars was the same as the
edge length of the square and diamond primes.
Apparatus and Procedure Apparatus and procedure were the same
as in Experiment 1. The only change was that participants were
informed that a cross might appear in addition to the targets, but
that they were to ignore it and base their judgment on the onsets of
the two targets.

Results

TOJ task As shown in Figure 5, the results from the
first two experiments were replicated. Priming shifted
the PSS from 0 ms in the control condition to +36 ms,
as compared to +33 ms in Experiment 1 and an average
of +41 ms in Experiment 2. A one-factor ANOVA
yielded a highly significant effect (F[1, 15] = 101.24;
P < .01). Effect size was again very large (d = 3.69).
The DL was 38 ms in both conditions and not affected
by the prime (F[1, 14] = .01; P = .8964).
SD task Detection performance was very good (d’ =
2.92; t[14] = 8.71; P < .01 for a one-tailed test against
zero).

Discussion

The results from Experiment 3 are clear-cut. The primes’
effect was the same as in Experiments 1 and 2, although
the primes had different shapes than the targets and were
easily detectable. If participants had a tendency to
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choose the primed target if they were unsure about
temporal order, such a bias should have worked more
efficiently with these easily visible primes than with the
barely detectable primes in the first two experiments. Yet
there was no difference. One might argue that we pre-
vented or reduced response bias by explicitly asking
participants to ignore the primes. Indeed, this may well
have been the case. Our data do not imply that response
bias never plays a role in TOJ experiments. However,
explaining the virtually identical psychometric functions
from Experiments 3 and 1 in terms of response bias
would require the unlikely assumption that the instruc-
tion in Experiment 3 exactly counteracted the better
visibility of the primes in this experiment and thereby
produced the same results as the poorly visible primes in
Experiment 1 with no instruction to ignore them.
Though this is rather implausible, we will return to this
possibility in the discussion of Experiment 4.

The main finding from Experiment 3 was that the
crosses were as effective primes as the diamond-like and
square-like primes although they were visually different
from the targets. This renders it highly unlikely that
priming was based on the preactivation of visual fea-
tures by the prime, further supporting an attentional
explanation of PLP. However, two problems remain.
First, it might be argued that this conclusion is weak-
ened by the fact that similarity was varied between ex-
periments and not within the same experiment. Second,
visual similarity was only varied with respect to shape.
To assess the generality of our conclusion, it is desirable
to vary similarity along more than one dimension. In
Experiment 4, similar and dissimilar primes were directly
compared, and similarity was varied on two dimensions,
shape and color.

Experiment 4

The purpose of Experiment 4 was to confirm and extend
the finding that PLP was independent of prime-target

visual similarity. To confirm it, we compared different
levels of similarity within the same experiment. To test
its generality, we varied similarity in two different ways.
Shapes were either congruent squares/diamonds (same
shape as target) or crosses (different shape). Colors were
either identical between primes and targets or differed in
a manner that, according to pilot research, minimized
masking.

Method

Participants Thirteen participants (2 female, mean age = 27.9
years) from our subject panel took part in the experiment. One
participant’s data had to be discarded because he did not show up
for the second session. A further participant performed perfectly in
one condition so that no d’ value could be calculated. His data were
omitted for this condition. Participants received EUR 15 or earned
course credits. All reported normal or corrected-to-normal visual
acuity.
Stimuli The targets were the same as in the earlier experiments, with
the exception that only horizontally aligned target pairs were used.
Both targets in a pair had the same color (blue). In the ‘‘same shape’’
condition, the congruent primes from Experiments 1 and 2 were
used. In the ‘‘different shape’’ condition, the cross-shaped primes
from Experiment 3 were employed with one modification: To render
the primes and the corresponding targets as dissimilar as possible,
the ‘‘x’’ cross was assigned to the square target and the ‘‘+’’ cross to
the diamond, so that the main orientation of edges in dissimilar
prime-target pairs was different. Primes were either blue (11 cd/m2)
or red (15 cd/m2). There were 5 SOAs, varying from –64 ms to
+64 ms in 32 ms steps. As in the previous experiments, half of the
1280 trials were unprimed, 128 in each SOA. In the primed trials,
each of the four kinds of primes (same/different shape combined
with same/different color) was presented 32 times at each SOA.
Procedure As in Experiment 3, participants were asked to ignore
the prime in their temporal order judgments. The task in the SD
session was to judge whether the target pair was preceded by a
prime, irrespective of which prime it was. To facilitate the task, all
primes were presented repeatedly in slow motion before the start of
the experiment. In all other respects, the procedure was the same as
in the earlier experiments.

Results

TOJ task Data were analyzed as in the earlier experi-
ments. As can be seen from Figure 6, all four kinds of
primes produced PLP. The PSS was at –1 ms in the
unprimed condition. PSSs for primed conditions were at
the following temporal intervals: +38 ms for same col-
or/same shape, +32 ms for same color/different shape,
+39 ms for different color/same shape, and +38 ms for
different color/different shape. A one-way ANOVA of
PSSs revealed a highly significant effect of priming (F [4,
44] = 74.87, P < .01, � =.5637). A subsequent Scheffé
test yielded significant differences between the unprimed
condition and each of the primed conditions (P < .01),
whereas the primed conditions did not differ among
themselves. DLs were 24 ms for the unprimed condition,
28 ms for same color/same shape, 26 ms for same color/
different shape, 25 ms for different color/same shape and
27 ms for different color/same shape, with no significant
differences between conditions (F [4, 40] = .67; P =
.5321; � = .5414).

Fig. 5 Psychometric functions for the TOJ task in Experiment 3
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SD task d’ was .24 for same color/same shape, .61 for
different color/same shape, 1.41 for same color/different
shape, and 1.85 for different color/different shape. T-
tests revealed that performance in all conditions differed
from zero sensitivity (same color/same shape: t[10] =
4.37; P < . 01; different color/same shape: t[10] = 5.42;
P < . 01; same color/different shape: t[10] = 9.24;
P < .01; different color/different shape: t[9] = 13.73;
P < .01). To assess the contributions of the dimensions
to prime detectability, a two-way ANOVA was per-
formed with the factors same/different color and same/
different shape. There were significant effects of color
(F [1, 9] = 10.86; P < .01) and shape (F [1, 9] = 39.67; P
< .01), but no interaction (F [1, 9] = 1.55; P = .24).

Discussion

The SD data indicate that we were successful in our
attempt to manipulate visibility of the primes over a
wide range. Although detection performance with the
color stimuli was not as good as with the dark grey
crosses in Experiment 3, dissimilar primes suffered less
masking than primes that had the same shape and/or
color as the target. By contrast, the magnitude of PLP
did not differ between same and different primes. This
confirms the findings from Experiments 1 and 3 within a
single experiment.

These data further support our conclusions from the
earlier experiments. Neither a dissimilar shape nor a
different color reduced the prime’s effect, indicating that
priming is attentional and not sensory. Further, the
prime’s detectability had no effect on priming strength,
which argues against a response bias interpretation. This

evidence is stronger than the evidence from the com-
bined results from Experiments 1 and 3, because the
results from Experiment 4 cannot be explained by
the version of the response bias account mentioned in
the discussion of Experiment 3. There, we discussed the
remote possibility that response bias was relatively weak
in Experiment 1 because many primes could not be de-
tected, and that it was, by accident, exactly equally weak
in Experiment 3 because the instruction asked partici-
pants to ignore the primes. This reasoning cannot ex-
plain the present results because the psychometric
functions for all priming conditions were obtained under
the same instruction.

General Discussion

The findings from the four experiments present a co-
herent picture. Visual similarity between the prime and
the masking target affected strength of masking and
hence signal detection performance, but it had no effect
on PLP. A prime that preceded the target with an SOA
of 64 ms and that was masked by it reduced the latency
of its conscious perception, as measured in the TOJ task,
by about 30 to 40 ms, whether it was a smaller replica of
the masking target (a congruent prime; Experiments 1
and 2), a smaller replica of the target associated with the
alternative response (an incongruent prime; Experiment
2), or a different shape (a cross; Experiments 3 and 4),
and independently of whether it had the same color as
the target or a different color (Experiment 4).

The finding that PLP was not affected by the de-
tectability of the prime argues against an explanation in
terms of response bias (Pashler, 1998), since it is difficult
to see how a nondetectable prime could provoke a
response bias. Further, since all manipulations of prime-
target similarity failed to affect PLP, a sensory
interpretation is equally unlikely. This conclusion is
corroborated by electrophysiological studies of response
activation by masked primes, in which no LRP onset
differences were found between congruent and incon-
gruent primes (e.g., Eimer & Schlaghecken, 1998; Klotz,
Heumann, & Neumann, 2002; Leuthold & Kopp, 1998).
In the study of Leuthold and Kopp (1998), there was
likewise no major influence of prime-target congruity on
early visual event-related potentials. This leaves the at-
tentional account as the most plausible explanation of
PLP. In accordance with this interpretation, Jaskowski,
van der Lubbe, Schlotterbeck and Verleger (2002) have
recently reported influences of masked primes on at-
tention-controlled selection (the posterior contralateral
negativity associated with the selection of lateralized
relevant stimuli).

Presenting the prime reduces the latency of the con-
scious perception of the target that masks it. This implies
that processing at a level that is itself not associated with
awareness may affect the conscious percept of a stimulus
that appears at the same location. One way to concep-
tualize this interaction has been suggested by Neumann

Fig. 6 Psychometric functions for the TOJ task in Experiment 4
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(1978, 1979, 1982, 1990b; Neumann & Müsseler, 1990).
The basic idea of this model (the Asynchronous Up-
dating Model, AUM)3 is that visual information is an-
alyzed and represented at two levels. The first level,
termed the spatial map, encompasses the encoding of
visual features as well as of objects, up to their classifi-
cation. Processing at this level is not associated with
awareness, and its content undergoes a continuous, fast
updating as new information is coming in. The updating
is an ‘‘overwriting’’ process: Earlier information is re-
placed by later information if it shares its location and
certain critical visual features (e.g., similar contours).
The output from the spatial map can feed into processes
that are controlled via direct parameter specification
(DPS), such as motor activation, but is not consciously
perceived. (The concept of DPS will be discussed in
more detail later in this section). The second level, la-
belled the internal model, comprises a coherent descrip-
tion of the visual environment in terms of objects, scenes
and events, and it is consciously available. Updating of
this internal model is comparatively slow, and it occurs
selectively, as a result of directing attention to a location
in the spatial map. The attention shift can be initiated by
an abrupt onset or offset within the spatial map that
serves as an ‘‘attention signal’’.

The AUM was initially developed to explain meta-
contrast, though it has also been applied to other visual
phenomena, for example, illusions in the perception of
moving stimuli (Aschersleben & Müsseler, 1999;
Müsseler & Neumann, 1992; Müsseler & Aschersleben,
1998). The AUM explains metacontrast as resulting
from the different updating speeds at the levels of the
spatial map and of the internal representation: Upon
prime presentation, the prime is entered into the spatial
map and initiates an attention shift towards its location.
If the mask is presented while this attention shift is being
executed, it overwrites the prime in the spatial map be-
fore it has been transferred into the internal model. In
this case, the observer perceives only the mask (though it
may be modified by the prime due to brightness sum-
mation or other kinds of sensory integration, which may
leave the prime more or less visible). Conversely, if the
attention shift has been completed before the mask ar-
rives, the observer will perceive a succession of prime
and mask. Thus, metacontrast masking results from the
fact that updating of the spatial map is fast, as compared
to the updating of the internal representation. (Similar
dual-process models of metacontrast masking have been
proposed by Bachmann (1984, 1994, 1999) and, more
recently, Enns and DiLollo (2000).

According to the AUM, PLP is a necessary by-
product of the processes that lead to metacontrast. If the
mask is presented without a prime, then its own onset
will initiate the attention shift. If it is preceded by a
prime, then this shift will be initiated by the prime. It will

start earlier and will therefore be completed faster, re-
sulting in an earlier updating of the internal model. This
will reduce the latency of the conscious perception of the
mask. Masking does not interfere with PLP, because
the prime acts as an attention signal at a stage prior to
the processing level that is associated with awareness.

Further, the AUM predicts that the amount of PLP
should depend on the SOA between the prime and the
target. According to the model, increasing the SOA
should augment the effect of the attention signal elicited
by the prime, up to the point in time when the attention
shift has been completed before the mask arrives. Be-
yond this point, a further increase of the SOA should
have no effect on the size of PLP. Plotting the amount of
PLP against the prime-mask SOA should therefore show
an initial positive slope of less than unity and, beyond a
critical SOA, a constant amount of PLP. This critical
SOA is determined by the time required for the attention
shift. The initial increase of the amount of PLP as a
function of SOA seems to be in agreement with several
studies, discussed in the Introduction, which suggest that
PLP varies as a positive function of prime-target SOA
(Aschersleben, 1999a; Neumann, 1982; Neumann et al.,
1993; Scharlau, 2002a; 2002b; Steglich & Neumann,
2000), and it has recently been explicitly demonstrated in
our laboratory (Scharlau & Neumann, 2003).

Supposing that PLP indeed is of an attentional origin,
several mechanisms of attentional orienting may explain
this effect. One possibility is direct parameter specifica-
tion (DPS). The basic idea of the concept of DPS
(Neumann, 1989, 1990a) is that response parameters can
be specified by direct pathways from stimulus to re-
sponse that do not require a conscious representation of
the stimulus. This is possible if and when an action plan
has been formed prior to the presentation of the im-
perative stimulus. If this is the case and if the imperative
stimulus corresponds to certain criteria defined within
the action plan, then the action can be executed without
a conscious representation of the stimulus and without
intentional control during the execution phase. This
account has been used to explain the effects of masked
primes on speeded responses (e.g., Ansorge, Klotz, &
Neumann, 1998; Klotz & Neumann, 1999; Neumann &
Klotz, 1994). PLP may be another case of DPS, where
the parameters that are directly specified are the direc-
tion and the amplitude of an attention shift.

However, the prediction that attention shifts in PLP
depend on the observer’s intentions (the action plan)
has not been tested in the present experiments. Our
results are therefore also compatible with several al-
ternative explanations, such as the attentional capture
hypothesis (Jonides & Yantis, 1988; Yantis & Jonides
1984), according to which abrupt onsets capture at-
tention in a stimulus-driven, bottom-up fashion, or the
attentional control settings account that predicts that
attentional capture is contingent on the observer’s
current attentional control settings (Folk, Remington,
& Johnston, 1992; Folk, Remington, & Wright, 1994).
According to these authors, control settings can be

3The basic assumptions of this model have formerly been referred
to as Weather Station Model (see Neumann, 1982; Neumann &
Müsseler, 1990).
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defined by either dynamic features (abrupt onset or
motion) or static features such as specific colors. PLP
might be a case of this top-down contingent capture.
The primes may have captured attention since targets
were abruptly onsetted, too, and participants were set
to detect onsets in the TOJ task. The DPS account
would receive support from the finding that PLP is
critically dependent on a match between the prime’s
features and the observer’s current intentions. Some
support for this hypothesis has been reported by
Scharlau and Ansorge (2002; see also Ansorge,
Heumann, & Scharlau, (2002).

A further alternative account of our data is that PLP
is due not to enhanced processing of the primed or at-
tended stimulus, but that it is rather based on a delay in
the perception of an unattended stimulus (see, e.g.,
Spence & Driver, 1994; Spence, Shore, & Klein, 2001).
The strongest PLP effect in terms of error rate was found
with positive target SOAs. With these SOAs, the prime
does not indicate the location of the first target. Thus,
the prime might have directed attention to a wrong lo-
cation and thereby delayed the conscious perception of
the first target. This might be interpreted as supporting
the delayed processing account. However, the observed
horizontal shift of the psychometric distribution ob-
served in the experiments is also predicted by the AUM.
Indeed, within the AUM framework, a processing delay
due to the prime and PLP are two sides of the same coin:
If the attention signal that is elicited by the prime directs
attention to the first target’s position, it will reduce its
perceptual latency. If it directs attention to the alterna-
tive location, then this will delay the attention shift to
the first target and thereby delay its conscious percep-
tion.
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specification? In C. Umiltà, & M. Moscovitch (Eds.), Attention
and Performance, XV: Conscious and nonconscious information
processing (pp. 123–150). Cambridge, Mass.: MIT Press.

Neumann, O., & Müsseler, J. (1990). Visuelles Fokussieren: Das
Wetterwart-Modell und einige seiner Anwendungen [Visual
focusing: The weather station model and some applications]. In
C. Meinecke, & L. Kehrer (Eds.), Bielefelder Beiträge zur
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