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Can stimulus information be perceived without aware-
ness? This question has been the focus of research and
controversy for more than 100 years (for recent reviews,
see Merikle & Daneman, 1998, and Merikle, Smilek, &
Eastwood, 2001). Despite its relatively long history, re-
search on perception without awareness has been plagued
by continual controversy. Much of this controversy stems
directly from the logic underlying the dissociation para-
digm, which has been the predominant tool used in ex-
perimental studies.

The basic assumption underlying the dissociation par-
adigm is that unconscious perception can be demon-
strated by means of the dissociationbetween two measures
of perception: one that is assumed to assess perception
with awareness and the other, perception without aware-
ness. A direct measure of perception reflects the effect of
a perceived stimulus on the instructed responses to that
stimulus, and thus indicates whether relevant stimulus
information has been consciously perceived. In contrast,
an indirect measure of perception reflects an uninstructed
effect of the stimulus on behavior and is an indication of

unconsciously perceived information. Perception with-
out awareness is demonstrated when the indirect test is
sensitive to stimulus information to which the direct test
shows null sensitivity.

In spite of this relatively straightforward logic under-
lying the dissociation paradigm, it has proven difficult to
design experiments that provide compelling, uncontro-
versial evidence of perception without awareness. The
main problem has been a lack of agreement about what
constitutes an adequate direct measure of conscious per-
ception (see, e.g., Eriksen, 1960; Holender, 1986; Rein-
gold & Merikle, 1990). Whereas for some researchers
subjectivemeasures based on observers’ introspectiveself-
reports would constitute a satisfactory index of stimulus
awareness, for others the absence of relevant conscious
experiences is much better indexed by some objective
(behavioral) measure that demonstrates an observer’s in-
ability to discriminate between alternative stimulus
states.

The interpretation of a dissociation pattern depends on
the assumptionsbeing made about the relationof conscious
and unconsciousperception to performance on direct and
indirect tasks. In the context of the classic dissociation
paradigm, it has been suggested that in order to provide
compelling evidence for unconscious perception, the di-
rect measure must be assumed to be sensitive to all rele-
vant conscious effects of stimuli (i.e., an exhaustiveness
assumption), and such a measure must exhibit null sen-
sitivity. If it is not, any dissociation between measures
may indicate simply that the direct and indirect indices
are sensitive to different aspects of consciouslyperceived
stimuli. In addition, the direct measure should be influ-
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Participants performed a semantic categorizationtask on a target that was preceded by a prime word
belonging either to the same category (20% of trials)or to a different category (80% of trials).The prime
was presented for 33 msec and followed either immediately or after a delay by a pattern mask. With the
immediate mask, reaction times (RTs) were shorter on related than on unrelated trials. This facilita-
tory priming reached significance at prime–target stimulus onset asynchronies (SOAs) of 400 msec or
less and remained unaffected by task practice.With the delayed mask, RTs were longer on related than
on unrelated trials. This reversed (strategic) semantic priming proved to be significant (1) only at a
prime–target SOA of 400 msec or longer and (2) after the participants had some practice with the task.
The present findings provide further evidence that perceiving a stimulus with and without phenome-
nological awareness can lead to qualitatively different behavioral consequences.
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enced exclusively by conscious processes. If a direct ef-
fect is sensitive to both consciously and unconsciously
perceived information, then any attempt to establish null
sensitivity for the direct measure could eliminate or un-
derestimate evidence for unconscious perception. Note,
however, that requiring direct measures that reflect, both
exclusively and exhaustively, all relevant consciously
perceived information may be too stringent a require-
ment for the demonstration of unconscious influences.
As was pointed out by Reingold and Merikle (1988,
1990; see also Merikle & Reingold, 1998; Reingold, in
press), it is unrealistic to expect that any particular di-
rect measure of perception could actually be sensitive to
all relevant conscious experiences. These authors also
considered it implausible that unconscious influences
should not contribute to performance on direct mea-
sures. It seems more likely that any direct effect (like any
indirect one) might stem from both conscious and un-
conscious contributions (see also Jacoby, Lindsay, &
Toth, 1992).

A further weakness of the dissociation paradigm is
that any attempt to find an indirect effect in the absence
of a direct effect would require the acceptance of a null
hypothesis (i.e., the hypothesis of no direct effect), and
this is statistically problematic. As Merikle and Joordens
(1997a) noted, it is impossible to demonstrate that null
sensitivity necessarily indicates that no relevant infor-
mation was consciously perceived. There is always the
possibility that some amount of stimulus information
was detected on at least some occasions that eluded de-
tection by conventional direct tasks.

Finally, it is important to note that traditional studies
of perception without awareness have often used a facil-
itation paradigm, whereby the same pattern of results
was produced by effects on unconscious perception as
by those on conscious perception. According to Debner
and Jacoby (1994), because both types of processes can
contribute to performance in a similar manner (i.e., by
facilitating it), it is difficult to determine whether the
supposedlyunconscious influences might be partially or
completelyattributed to any residual consciousperception.

Because of these limitations related to the dissociation
paradigm, a series of alternative approaches to studying
perception without awareness has been developed.These
require neither the use of exhaustive measures of aware-
ness nor a convincingdemonstrationof a null direct effect
(see, e.g., Debner & Jacoby, 1994; Draine & Greenwald,
1998; Greenwald, Draine, & Abrams, 1996; Merikle &
Joordens, 1997a, 1997b; Reingold & Merikle, 1988).
These authors argue that, rather than simply asking
whether a stimulus can be unconsciously perceived, a
much more interesting question concerns how uncon-
scious perception differs (if at all) from conscious per-
ception. The experimental logic is to contrast perception
with and without awareness in order to determine
whether a stimulus can have qualitatively different con-
sequences on cognitive and affective reactions, depend-
ing on whether the item was perceived consciously or

unconsciously. The qualitative differences approach as-
sumes that consciously perceived information enables
the individual to act intentionally on the world and to
produce effects on it, whereas information perceived
without awareness leads to more automatic reactions that
cannot be controlled by the individual (Merikle et al.,
2001).

A good example of behavioral measures that are in-
fluenced in opposite ways by consciously and uncon-
sciously perceived information comes from an elegant
series of Stroop priming studies by Merikle and col-
leagues. They showed that individuals could use predic-
tive strategies based on stimulus redundancy only when
the predictive stimuli are consciously perceived (e.g.,
Cheesman & Merikle, 1986; Merikle & Joordens, 1997a,
1997b; Merikle, Joordens, & Stolz, 1995). Their exper-
iments were based on a variant of the Stroop (1935)
color-word interference task, in which two color words
(e.g., RED and GREEN) are used to prime responses to a
probe target consisting of a color patch (or a series of
ampersands) that was red or green. The standard result
found with this task is that responses to the probe target
(e.g., a red patch or a series of red ampersands) are
longer when the target follows an incongruent color
word (i.e., GREEN) than when it follows a congruent color
word (i.e., RED). This interference effect presumably oc-
curs because participants cannot avoid reading the word
even if they are not required to read it, and reading a
word that refers to a conflicting color concept interferes
with responding correctly to the color target. However,
the typical Stroop interference is reversed [i.e., reaction
times (RTs) are shorter on incongruent than on congru-
ent trials] whenever incongruent prime–target pairings
(e.g., GREEN–red target) occur more frequently than con-
gruent prime–target pairings (e.g., RED–red target). A
plausible explanation of the reversed Stroop priming ef-
fect is that participants capitalize on the predictive in-
formation provided by the prime words (see, e.g.,
Merikle et al., 1995). Given that there are only two pos-
sible colors, participants learn to expect that the target
color on each trial will be the color not named by the pre-
ceding prime word, thus facilitating performance on the
incongruent trials (and slowing performance on the con-
gruent ones). Interestingly, Merikle and colleagues ob-
served that participants adopt this kind of predictive
strategy only when the prime words are consciously per-
ceived. Otherwise, the standard interference effect is
found. For example, Merikle and Joordens (1997b, Ex-
periment 1A) presented a single central prime word (RED

or GREEN in the color gray) for 33 msec, followed either
immediately or after a delay of 134 msec (depending on
the group of participants) by a pattern mask (seven gray
ampersands), thus resulting in a prime–mask stimulus
onset asynchrony (SOA) of either 33 msec1 or 167 msec,
respectively. The masked prime word was always fol-
lowed by a central target, which consisted of seven am-
persands displayed—until response—in either red or
green, with participants being required to make a button-
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press response to indicate the target color as quickly as
possible. For both groups of participants, the prime–target
SOA remained fixed at 300 msec. Prime and target stim-
uli were incongruent (e.g., RED–green target) on 75% of
the trials and congruent (e.g., RED–red target) on the re-
maining 25%. Merikle and Joordens (1997b) found a
significant crossover interaction between masking con-
dition and prime–target congruency: With a delayed
mask (i.e., a prime–mask SOA of 167 msec), RTs were
shorter on incongruent than on congruent trials. Such a
reversed (i.e., facilitatory) Stroop effect suggests that the
participants consciously identified the prime word fol-
lowed by a delayed mask and then used the predictive in-
formation provided by the word to anticipate the target
color (see also Logan, Zbrodoff, & Williamson, 1984).
On the contrary, with an immediate mask (i.e., a prime–
mask SOA of 33 msec), a typicalStroop interference effect
emerged. This crossover in performance (i.e., reversed
Stroop vs. interference effect) provides an additional
qualitative difference that distinguishes conscious from
unconscious perception.

In a series of recent experiments using Merikle and
Joordens’s (1997b)procedure (e.g., Daza & Ortells, 2000;
Daza, Ortells, & Fox, 2002), we have replicated and ex-
tended the findings of these authors. Daza et al. have
shown that the behavioral consequences of perceiving a
stimulus with and without phenomenological awareness
are qualitativelydifferent not only by the sign of the cor-
responding Stroop priming effect (i.e., interference vs.
facilitation), but also by the time course of each priming
effect. To illustrate, when the prime word was immedi-
ately masked so that participants reported a complete ab-
sence of conscious awareness of a word’s identity, a reli-
able Stroop interference was consistently found at a
prime–target SOA of 300 msec, which was similar in
size to that reported by Merikle and Joordens (1997b). In
addition, whereas such an interference effect was still
significant at a prime–target SOA of 400 msec, it declined
to zero at SOA intervals of 500 msec and 700 msec
(Daza et al., 2002, Experiments 2 and 3), suggesting a
relatively fast decay over time for the supposedly auto-
matic Stroop priming effect. Regarding the prime words
that were followed by a delayed mask, an opposite facil-
itation (i.e., reversed Stroop) effect was obtained, al-
though this effect reached significance at prime–target
SOAs of 400 msec or longer. At an SOA of 300 msec, we
consistently failed to replicate the reversed Stroop effect
reported by Merikle and Joordens (1997b), regardless of
whether our participants were either more or less ac-
tively encouraged to rely on the predictive information
provided by the word to optimize their performance. The
fact that in all of our experiments the participants’ self-
reports indicated that they were aware of the word’s iden-
tity on most (or many) of the delayed mask trials sug-
gests that consciously perceiving a stimulus constitutes
a necessary but not a sufficient condition for that stimu-
lus to guide intentional actions. To the extent that a re-
versed Stroop effect reflects mainly the contribution of

strategic processes, and on the basis of the literature sug-
gesting that controlled (strategic) processes build up
much more slowly (and are often more sustained) than
automatic processes (e.g., de Groot, 1984; Neely, 1977;
Ortells, Abad, Noguera, & Lupiáñez, 2001; Posner &
Snyder, 1975; Shenaut & Ober, 1996; Shiffrin & Schnei-
der, 1977), Daza et al.’s findings suggest that a prime–
target SOA of 300 msec would not give most observers
sufficient time to use the prime word strategically to an-
ticipate the target color.2

It should be noted, however, that the disappearance of
the automatic Stroop interference with the immediate
mask in Daza et al.’s (2002) study, at SOAs of 500 msec
or longer, could be viewed as a somewhat surprising
finding (although see Di Pace, Longoni, & Zoccolotti,
1991; Greenwald et al., 1996). To the extent that several
prior studies have shown relatively long-lasting priming
effects from unconsciously perceived stimuli (e.g.,
Balota, 1983; Fowler, Wolford, Slade, & Tassinary,
1981; Marcel, 1980, 1983a, 1983b), we considered it im-
portant to replicate the differential SOA functions from
immediately versus delayed masked words reported by
Daza et al.

It is important to note that since both Merikle and Joor-
dens (1997b) and Daza et al. (2002) used a color-naming
task, it is unclear whether the qualitatively different
priming effects from consciously and unconsciouslyper-
ceived words were indeed achieved at a level of seman-
tic representation. This is an important question, since
the depth of processing achieved by an unconsciously
perceived stimulus has constituted a long-standing issue
in contemporary psychology (Damian, 2001). Accord-
ingly, in the present study we examined the consistency
and generality of the differential time course of priming
effects reported by Daza et al. under immediate versus
delayed mask conditions, but using a semantic judgment
task instead of a Stroop task.

EXPERIMENT 1

The basic procedure used in this and in the following
experiment was as follows: On each trial, an uppercase
prime word was centrally displayed for 33 msec and fol-
lowed either immediately or after a variable delay (de-
pending on the experimental group) by a pattern mask.
The mask offset was followed by a centrally displayed
lowercase target word on which the participants per-
formed a two-choice categorization (animal vs. body
part) task (see Figure 1).

On 80% of the trials (unrelated condition), the prime
and target words belonged to different semantic cate-
gories (e.g., COW–finger; HAND–bull), whereas on the re-
maining 20% of the trials (related condition) the prime–
target pairs were always highly associated words of the
same semantic category (e.g., COW–bull; HAND–finger).
As in our Stroop studies, irrespective of whether the
prime word was followed by an immediate mask or a de-
layed mask, the participants were encouraged to use the
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predictive information provided by the prime word to op-
timize their categorization performance. So, given a par-
ticular prime word, they should expect that the upcom-
ing target would belong to a different semantic category,
since the unrelated trials were much more frequent than
the related trials (see also Neely, 1977, for a similar pro-
cedure). To investigate the time course of priming effects
of words presented under immediate versus delayed
masking conditions, the prime–target SOA was manipu-
lated between participants at four levels: 200, 300, 400,
and 500 msec.

Method
Participants. One hundred twenty-eight undergraduate students

at the University of Almería (32 for each of the four groups) par-
ticipated in a single experimental session for course credit. All had

normal or corrected-to-normal vision and were between the ages of
19 and 30 years (M = 24.5 years).

Apparatus and Stimuli. The stimuli were displayed on a VGA
color monitor controlled by Micro Experimental Laboratory (MEL)
software (Schneider, 1988) implemented on an IBM-PC compatible
computer. Responses were collected on a computer keyboard; re-
sponse accuracy and latency to the nearest millisecond were mea-
sured by the MEL software. All the stimuli were displayed in gray
characters (with each character subtending about 0.35º horizontally
and 0.52º vertically) against a black background and were centered
both horizontally and vertically at a viewing distance of approxi-
mately 60 cm. Eight concrete and familiar words in the Spanish lan-
guage were selected from the norms of Soto, Sebastián, García, and
Del Amo (1982): four were the names of animals (vaca, toro, rana,
and sapo—“cow,” “bull,” “frog,” and “toad,” respectively) and four
were the names of body parts (mano, dedo, cara, and ojos—“hand,”
“finger,” “face,” and “eyes,” respectively). All of these words were
used as both prime and target stimuli throughout the experiment,

Figure 1. Sequence of events for trials in Experiment 1. The sample word stimuli shown here have been
translated from Spanish to English.
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the only difference being that they were displayed in uppercase
characters when they appeared as primes and in lowercase charac-
ters when they appeared as target stimuli. For each participant and
each block of trials, each word appeared 15 times as a prime and 15
times as a target stimulus (3 times on related trials and 12 times on
unrelated trials). A string of seven gray ampersands (&&&&&&&)
subtending about 2.46º horizontally and 0.52º vertically was used as
the pattern mask. The participants indicated the category of the tar-
get (animal vs. body part) by pressing either the M or the C key on
the computer keyboard. Mapping of responses and correct key were
counterbalanced across participants.

Design and Procedure. The participants were tested individu-
ally in a sound-damped, dimly lit room. General task instructions
were displayed on the monitor and were also relayed verbally. The
timing of the specific stimulus events on each trial for the immedi-
ate masking condition was as follows: (1) A fixation display (*) was
presented for 500 msec; (2) an uppercase prime word was presented
for 33 msec; (3) the mask (i.e., &&&&&&&) was presented for
167, 267, 367, or 467 msec, depending on the group of participants
(resulting in prime–target SOAs of 200, 300, 400, and 500 msec, re-
spectively); and (4) a lowercase target word (presented until re-
sponse) appeared, for which the participants made a categorization
judgment (animal vs. body part). Within each block of trials, 80%
were unrelated trials, on which the target belonged to a different se-
mantic category than that of the prime. The remaining 20% were re-
lated trials, on which the target was always a highly associated word
of the same semantic category as that of the prime (e.g., COW–bull;
HAND–finger). The computer emitted a 500-msec beep if the par-
ticipant made an error. Following the participant’s response, a new
trial began.

The sequence of events on each trial for the delayed masking
condition was the same as that under the immediate masking condi-
tion, the only difference being that the presentation of the 33-msec
prime word was now followed by a blank screen for 34, 134, 234,
or 334 msec (depending on the group) and then followed by the am-
persand mask for 133 msec and by the word target (resulting again
in prime–target SOAs of 200, 300, 400, and 500 msec, respec-
tively). Note that whereas the prime–mask SOA remained fixed at
33 msec for the immediate mask condition, the corresponding SOA
was of 67, 167, 267, or 367 msec (depending of the prime–target
SOA group) for the delayed masking condition.

Each participant took part in a single session (lasting about
30 min) consisting of two blocks of 146 trials (26 practice trials fol-
lowed by 120 experimental trials), one block for each masking con-
dition (i.e., immediate masking and delayed masking). The order
of the blocks was counterbalanced across participants. Of the 120
experimental trials of each block, 96 (80%) were unrelated and 24
(20%) were related (the participants were informed of that differ-
ential proportion of unrelated and related trials). Within each of
these two trial sets, the target word belonged to either the animals
or the body parts category on the same number of trials. The par-
ticipants initiated each trial block by pressing the space bar on the
computer keyboard. Once a block of trials was initiated, it ran to
completion, so the participants could rest only between blocks.
After completing each trial block, the participants were asked
whether they had generally been able to identify the prime words
preceding the masking pattern.

Results and Discussion
Mean RTs and error percentages were entered in two

2 3 2 3 4 analyses of variance (ANOVAs) with mask-
ing condition (immediate vs. delayed) and prime–target
relationship (unrelated vs. related) as within-participants
factors and prime–target SOA (200 vs. 300 vs. 400 vs.
500 msec) as a between-participants factor.

In the analysis of RTs, there was a significant main ef-
fect of masking condition [F(1,124) = 48.3, MSe =
17,634, p < .001], such that RTs were reliably shorter
with an immediate (658-msec) than with a delayed
(740-msec) mask. Of more interest was the fact that a
significant crossover interaction between masking con-
dition and prime–target relationship was also found
[F(1,124) = 23.1, MSe = 2,403, p < .001]. As in the
Stroop study reported by Merikle and Joordens (1997b;
see also Daza et al., 2002), such an interaction shows that
perception with awareness and perception without
awareness can lead to qualitatively different behavioral
consequences. In the current task, an immediate mask
produced a positive semantic priming effect (i.e., shorter
RTs on related relative to unrelated trials) of +22 msec
[F(1,124) = 28, MSe = 1,114, p < .001]. This suggests that
a prime word presented for 33 msec and immediately
masked may be processed at a semantic level of repre-
sentation, in spite of participants’ reports of a complete
absence of conscious awareness of the word’s identity.

In contrast, with a delayed mask a reversed (i.e., neg-
ative) priming effect of 220 msec was found [F(1,124) =
7.6, MSe = 3,262, p < .007], such that RTs on the (less
frequent) related trials were reliably longer than RTs on
the unrelated trials. Such reversed priming indicates that
the participants were aware of the prime words followed
by a delayed mask and learned to use them strategically
to anticipate the semantic category of the target word
(i.e., the category opposite that of the prime).

These qualitativelydifferent priming effects observed
under each masking condition also showed a fairly dif-
ferent time course (see Table 1). This was revealed by a
significant prime–target SOA 3 prime–target relation-
ship interaction for both the immediate [F(3,124) = 3.57,
MSe = 1,114, p < .02] and the delayed [F(3,124) = 3.14,
MSe = 3,262, p < .03] mask conditions. The analyses of
these interactions showed that the positive semantic
priming observed with an immediate mask reached sig-
nificance at the SOAs of 200 msec [F(1,31) = 31.2,
MSe = 934, p < .001], 300 msec [F(1,31) = 7.4, MSe =
1,364, p < .01], and 400 msec [F(1,31) = 6.3, MSe =
509.5,p < .02]. However, this supposedly automaticprim-
ing effect disappeared completely at the longest SOA of
500 msec. In contrast, the negative (strategic) priming ob-
tained with the delayed mask was significant only at the
SOAs of 400 [F(1,31) = 12.4, MSe = 2,381, p < .001] and
500 [F(1,31) = 9.8, MSe = 2,616, p < .004] msec, but not
at the shortest SOAs of 200 and 300 msec (see Table 1).

The present pattern of results replicates and extends
that reported by Daza et al. (2002) with a Stroop task and
is consistent with prior evidence from priming studies
showing that controlled (strategic) processes build up
much more slowly (and are often more sustained) than
automatic processes (e.g., de Groot, 1984; Neely, 1977;
Ortells et al., 2001; Posner & Snyder, 1975; Shenaut &
Ober, 1996; Shiffrin & Schneider, 1977).

The analysis of percentages of error mirrored the RT
data. There was a significant main effect for masking
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condition [F(1,24) = 32.6, MSe = 0.0049, p < .001], such
that there was a higher error rate with a delayed (.10) than
with an immediate mask (.07), thus reflecting the RT re-
sults. The main effects of prime–target SOA [F(3,124) =
2.8, MSe = 0.0204, p < .04] and prime–target relation-
ship [F(1,124) = 16.9, MSe = 0.0049, p < .001] were also
significant, as were the following interactions: SOA 3
masking condition [F(3,124) = 3.8, MSe = 0.00497, p <
.001], SOA 3 prime–target relationship[F(3,124) = 2.85,
MSe = 0.00303,p < .04], and masking condition3 prime–
target relationship [F(1,124) = 13.25, MSe = 0.0022, p <
.001]. The three-way interaction between SOA, masking
condition, and relationship was also marginally signifi-
cant [F(3,124) = 2.5, MSe = 0.0022, p < .06]. The analy-
ses of these interactions can be summarized as follows:
Whereas with an immediate mask there was no signifi-
cant facilitatory priming effect (F < 1), with a delayed
mask a significant negative (strategic) priming effect
was observed [F(1,124) = 22.9, MSe = 0.0342, p < .001],
such that the error rate was reliably higher on related
(.12) than on unrelated (.08) trials. As can be observed
from the RT data, such a strategic priming effect inter-
acted with prime–target SOA [F(3,124) = 3.99, MSe =
0.0034, p < .009]. Thus, the negative priming effect
reached significance only at the longer SOA conditions
of 400 msec [F(1,31) = 9.9, MSe = 0.0057, p < .004] and
500 msec [F(1,31) = 12.3, MSe = 0.0036, p < .001], thus
mirroring the RT pattern.

By using a dissociation procedure in which the partic-
ipants engaged in semantic processing of masked words,
the present experiment replicates and extends the main
findings recently reported by Daza et al. (2002; see also
Merikle & Joordens, 1997b). First, we again found a
crossover interaction between priming effects and mask-
ing condition,which revealed qualitativelydifferent (i.e.,
positive vs. negative) priming effects stemming from
words followed by an immediate versus a delayed mask.

Second, both types of priming effects also showed a
fairly different time course. The positive semantic prim-
ing with the immediate mask was significant at SOAs of
200, 300, and 400 msec, but it completely disappeared at
the longest SOA of 500 msec. Conversely, with the de-
layed mask a reliable reversed (i.e., negative) priming ef-
fect emerged at the SOA of 400 msec or longer, but not
at the shorter SOAs of 200 and 300 msec.

It could be argued that the lack of reversed priming ef-
fects under the delayed masking condition at the shorter
SOAs of 200 and 300 msec (see also Daza et al., 2002)
does not necessarily reflect the absence of strategic in-
fluences at those time intervals. Rather, it could be that
the strategic processes contribute immediately, but their
influence is overridden by an equally large automatic in-
fluence. As the automatic influence subsides (i.e., as the
SOA is lengthened), the strategic influences would then
predominate. To examine whether the reversed priming
effects in our task reflect mainly the contribution of
strategic (controlled) processes or, rather, a combination
of both strategic and automatic influences, we conducted
a second experiment, in which the level of practice with
the task was manipulated.

EXPERIMENT 2

The present experiment was procedurally similar to
Experiment 1, with just three exceptions: (1) The pres-
ence of either an immediate or a delayed mask was ma-
nipulated between participants, (2) the prime–target
SOA remained fixed at 400 msec,3 and (3) the practice
with the task was manipulated such that each participant
carried out three consecutive blocks of trials. To the ex-
tent that obtaining a reversed (negative) priming effect
under the delayed mask condition requires that partici-
pants learn to use the prime word strategically to antici-
pate the target category (see note 2), we expected that

Table 1
Mean Reaction Times (RTs, in Milliseconds), Percentages of Error (%Error), and
Differences in RTs [in Milliseconds; Facilitatory (1) or Reversed (2) Priming] as a
Function of Prime–Target Stimulus Onset Asynchrony (SOA; 200 vs. 300 vs. 400 vs.

500 msec), Prime–Target Relationship (Unrelated vs. Related), and Masking
Condition (Immediate vs. Delayed) for Experiment 1

Immediate Delayed

Prime–Target SOA Prime–Target Relationship RT %Error RT %Error

200 msec Unrelated 699 .06 751 .06
Related 656 .06 748 .06
Difference +43 +3

300 msec Unrelated 666 .06 716 .10
Related 641 .07 715 .11
Difference +25 +1

400 msec Unrelated 636 .08 726 .10
Related 621 .09 769 .16
Difference +15 2432

500 msec Unrelated 677 .05 727 .08
Related 671 .05 767 .14
Difference +6 2402
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such a strategic effect might be reliably influencedby prac-
tice. More specifically, a controlled mechanism should
build up throughout the experiment, since the participants
would recognize the utility of a strategy (see Thompson-
Schill, Kurtz, & Gabrieli, 1998, for a similar argument).
In contrast, if the positivepriming with an immediatemask
reflects automatic semantic processing, such an effect
should already be present at the beginning of the exper-
iment, with priming effects being comparable between
trial blocks. In other words, we expected that priming ef-
fects should interact with task practice with a delayed
mask but not with an immediate mask.

Method
Participants . Forty-eight undergraduate students at the Univer-

sity of Almería (24 in each experimental group) participated in the
experiments. All had normal or corrected-to-norma l vision and
were between the ages of 19 and 29 years (M = 24 years).

Stimuli and Procedure. These were similar to those of Experi-
ment 1, except that in the current study (1) the presence of either an
immediate or a delayed mask was manipulated between participants
and (2) the participants in each group carried out three consecutive
blocks of 80 trials per block (64 unrelated and 16 related trials).

Results and Discussion
Mean RTs and error percentages were entered in two

3 3 2 3 2 ANOVAs, with task practice (Trial Block 1 vs.
2 vs. 3) and prime–target relationship (unrelated vs. re-
lated) as within-participants factors and masking condi-
tion (immediate vs. delayed) as a between-participants
factor. The mean RTs and percentages of errors for each
condition are presented in Table 2.

In the analysis of RTs, there was a significant main ef-
fect of task practice [F(2,92) = 20.2, MSe = 10,510, p <
.001], which revealed increasingly shorter RTs through-
out blocks of trials (Block 1, 797 msec; Block 2,
728 msec; Block 3, 707 msec). Whereas the overall RTs
were again shorter with the immediate mask (714 msec)
than with the delayed mask (774 msec), such a difference
did not reach statistical significance [F(1,46) = 1.9, p >
.17], as was the case in Experiment 1. There were also
significant interactions between masking condition and
prime–target relationship [F(1,46) = 14.4, MSe = 3,517.5,

p < .001] and between masking condition and task prac-
tice [F(2,92) = 3.8, MSe = 10,510, p < .03]. No other in-
teractions reached significance. The results of additional
two-way ANOVAs on each masking condition can be
summarized as follows: As in Experiment 1, the prime
words immediately followed by the mask produced a sig-
nificant positive priming of +29 msec [F(1,23) = 13.6,
MSe = 2,217, p < .001], suggesting an automatic pro-
cessing of those words at the level of meaning. In addi-
tion, whereas RTs were increasingly shorter throughout
the trial blocks in the immediate masking condition, the
level of practice did not influence the magnitude of pos-
itive priming (see Table 2), as is revealed by the absence
of a significant interaction between task practice and
prime–target relationship (F < 1).

In contrast, the prime words followed by a delayed mask
produced an opposite (negative) priming of 224 msec
[F(1,23) = 4.4, MSe = 4,818, p < .048], thus replicating
the results of Experiment 1. Interestingly, such a priming
effect was influenced by task practice, as is revealed by
a marginally significant interaction between these two
factors [F(2,46) = 2.97, MSe = 3,679, p < .06]. Thus, no
significant priming effect was observed in Trial Block 1
(+11 msec; F < 1), with the strategic (reversed) priming
emerging in Trial Block 2 [2 43 msec; F(1,23) = 3.6,
MSe = 6,370, p < .07] and remaining in Trial Block 3
[240 msec; F(1,23) = 11.8, MSe = 1,595, p < .002].4

The analysis of percentages of error showed a signif-
icant main effect for prime–target relationship [F(1,46) =
13.8, MSe = 0.0069, p < .001], as did the interaction of
this factor with masking condition [F(1,46) = 11.5,
MSe = 0.0069, p < .001]. The analysis of this interaction
revealed a significant reversed priming effect under the
delayed masking condition [F(1,23) = 15.9, MSe =
0.0109, p < .001], a result which mirrors that obtained in
the RT data.

GENERAL DISCUSSION

Over the last two decades, an increasing number of re-
searchers have attempted not only to prove the existence
of unconscious perceptual processes but also to demon-

Table 2
Mean Reaction Times (RTs, in Milliseconds), Percentages of Error (%Error), and Differences in

RTs [in Milliseconds; Facilitatory (1) or Reversed (2) Priming] as a Function of Masking
Condition (Immediate vs. Delayed), Prime–Target Relationship (Unrelated vs. Related),

and Task Practice (Trial Blocks 1, 2, and 3) for Experiment 2

Trial Block

Block 1 Block 2 Block 3

Masking Condition Prime–Target Relationship RT %Error RT %Error RT %Error

Immediate Unrelated 801 .09 714 .07 669 .06
Related 770 .09 687 .07 641 .06
Difference +31 +27 +28

Delayed Unrelated 814 .07 734 .06 739 .06
Related 803 .12 777 .15 779 .13
Difference +11 2432 2402
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strate that stimuli of which participants are not aware can
produce qualitativelydifferent behavioral effects in com-
parison with when they are aware of those stimuli (e.g.,
Correa et al., 2002; Debner & Jacoby, 1994; Groeger,
1984, 1988; Marcel, 1980; Merikle & Joordens, 1997b;
Murphy & Zajonc, 1993). This is the case, for example,
of a series of recent Stroop priming studies that have
consistently shown that individuals can use predictive
strategies based on stimulus redundancy (i.e., predicting
the color of forthcoming targets) only when the predic-
tive stimuli are consciously perceived (e.g., Daza et al.,
2002; Merikle & Joordens, 1997b; Merikle et al., 1995).
In the present research, we sought to extend these find-
ings by using a task demanding semantic processing of
stimuli. The participants in our experiments were re-
quired to identify the semantic category (animals vs.
body parts) of a central lowercase target word, which
was preceded, for a variable time interval (depending on
the experiment), by either an unrelated word (on 80% of
the trials) or a categorically related central prime word in
uppercase (on 20% of the trials). As in the Stroop prim-
ing studies by both Merikle and Joordens (1997b) and
Daza et al. (2002), the likelihood that the prime words
would be perceived with or without awareness was con-
trolled by varying stimulus quality, such that the prime
word was always followed by a mask appearing either
immediately (i.e., a prime–mask SOA of 33 msec) or
after a variable delay (depending on the experiment) fol-
lowing the word offset.

There are three main findings of the present research.
First, we found that presenting a word under immediate
versus delayed masking conditions gave rise to qualita-
tively different behavioral effects (i.e., positive vs. neg-
ative semantic priming effects, respectively), a result that
replicates and extends prior findings (e.g., Daza et al.,
2002; Merikle & Joordens, 1997b; Merikle et al., 1995).
Of more importance, the demonstration of a crossover
interaction between priming effects and masking condi-
tion with a task demanding a semantic level of represen-
tation (i.e., an animals vs. body parts judgment) is con-
sistent with behavioral and neuroscientific evidence
(see, e.g., Kiefer, 2002; Merikle & Daneman, 1998),
suggesting that semantic activation can occur without
conscious identification of word stimuli, at least when
they are presented below what Cheesman and Merikle
(1986) referred to as a subjective threshold.

Given the small number of stimuli used in our re-
search (i.e., two semantic categories, each of them hav-
ing only four items), one could argue that after some
practice priming effects similar to those reported here
could emerge with other sorts of stimuli, such as letters
or digits that are randomly grouped together. In other
words, it could be the case that the positive priming ef-
fects with the immediate mask were due to repeated ex-
posures of the same prime–target pairs, thus suggesting
an associative basis (i.e., one at a lower perceptual level)
rather than a semantic basis for that supposedly auto-
matic priming. But several observations are pertinent

here. First, our related trials always consisted of cate-
gorically related word pairs that were both strongly as-
sociated (in forward and backward directions) and se-
mantically similar (i.e., with high semantic overlap).5
There is evidence that priming effects in the absence of
semantic relatedness are usually the result of controlled
mechanisms. In contrast, semantic relatedness seems to
be necessary and sufficient to produce automatic prim-
ing effects (see, e.g., Seidenberg, Waters, Sanders, &
Langer, 1984; Thompson-Schill et al., 1998). For exam-
ple, Thompson-Schill et al. used asymmetrically associ-
ated word pairs in a priming procedure which included
the use of a short prime–target SOA of 250 msec and a
small proportion of related trials aimed at minimizing
potential influences of controlled (strategic) processes.
They found reliable positive priming for semantically re-
lated prime–target pairs regardless of the degree (i.e.,
forward vs. backward) of associative relatedness. Yet, for
semantically unrelated words, no automatic priming was
found, even if there was an associative (i.e., forward)
prime–target relationship (see also McRae & Boisvert,
1996). On the other hand, given the relative frequencies
of related (20%) and unrelated (80%) trials in our re-
search, there was no particular prime–target pair that oc-
curred with more probability than others throughout the
experiment. To illustrate, if HAND was the prime word,
the upcoming word target could be finger (on related tri-
als),6 or cow, bull, frog, or toad (on unrelated trials), with
these five words being equiprobable. Accordingly, even
if the participants were able to consciously identify the
prime words immediately followed by a mask, they
could only learn that the category of the upcoming tar-
get would more likely be the opposite of that of the prime
(e.g., HAND followed by an animal word). Yet they would
be unable to predict the word target’s identity. Finally, if
the positive priming effects with the immediate mask de-
pended on learned strategies due to stimulus repetition,
it is unclear why those effects emerged at SOAs shorter
than those of the negative priming effects with the de-
layed mask. Likewise, there should be an increase in the
effectiveness of the strategy with practice, which should
cause an increase in priming over blocks. But this was
not the case in Experiment 2 (see below). Despite the ab-
sence of practice trials in that experiment, the primes im-
mediately followed by a mask produced reliable positive
priming at the beginningof the experiment, and the mag-
nitude of this effect was similar across trial blocks.

The second main finding of the present research was
that priming effects under immediate versus delayed
masking conditions showed a fairly different time
course, thus replicating the findings previously reported
by Daza et al. (2002) with a Stroop task. When the prime
word was immediately masked such that the participants
consistently reported that they were unaware of the
word’s identity, a reliable facilitatory (i.e., positive)
priming effect was found in both Experiments 1 and 2.
This supposedly automatic priming effect was signifi-
cant at the shortest prime–target SOA interval (i.e.,
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200 msec in Experiment 1), but it decayed rapidly over
time, and the effect disappeared completely at an SOA of
500 msec (Experiment 1). The reasons for the discrep-
ancies between these results and those reported by some
prior studies showing a longer persistence of automatic
priming effects remain unclear. In any case, the fact that
the present results mirrored those reported by Daza et al.
using a different task suggests that the prime–target SOA
can critically determine the emergence of automatic
priming effects from unconsciously perceived stimuli in
this kind of dissociation procedure (see also Greenwald
et al., 1996). On the other hand, the prime words fol-
lowed by a delayed mask produced an opposite negative
priming effect. As in the Stroop priming study by Merikle
and Joordens (1997b; see also Daza et al., 2002), such a
finding demonstrates that participants consciously iden-
tified those words and successfully used the predictive
information provided by the prime word to anticipate the
target category. Interestingly, as is shown in Experi-
ment 1 (see Table 1), the negative priming effect was sig-
nificant at a prime–target SOA of 400 msec or longer,
but not at the shorter SOA intervals of 200 and 300 msec.
Such a time course of strategic priming effects exactly
replicates that reported by Daza et al. (2002, Experi-
ments 1 and 2) and is consistent with prior research
showing that controlled processes build up much more
slowly (and are often more sustained) than automatic
processes (see, e.g., Di Pace et al., 1991; Neely, 1977;
Ortells et al., 2001; Posner & Snyder, 1975; Shenaut &
Ober, 1996; Shiffrin & Schneider, 1977).

The third relevant finding of the present research was
that priming effects of immediate versus delayed condi-
tions were influenced differently by the level of practice
with the task. The results of Experiment 2 showed that
the emergence of a reliable strategic (negative) priming
effect with a delayed mask required some level of prac-
tice with the task, since such an effect became signifi-
cant only in the second block of trials (but not at the first
block). In contrast, as is shown in Table 2, the facilitatory
priming effects observed with an immediate mask were
significant from the first trial block, and they were of a
similar magnitude across the three blocks (as is revealed
by the absence of a significant priming 3 task practice
interaction).

To the extent that a primary purpose of Experiment 2
was to examine the effect of practice, the number of tri-
als used in that experiment would seem to be relatively
small. There is ample evidence that practice is an im-
portant determinant in the development of automaticity
(e.g., in a controlled process’s becoming automatic) and
skilled performance. Within that research framework,
the effects of practice have typically been investigated in
studies using a large number of training sessions (e.g.,
Fisk & Schneider, 1983; LaBerge, 1973; Logan, 1985;
Shiffrin & Schneider, 1977). But the point to be stressed
here is that our practice manipulation was not aimed at
examining the development of automaticity. On the con-
trary, the goal of Experiment 2 was to investigate to what

extent a strategy-dependent process, such as using the
predictive information provided by a prime word, would
require some amount of practice for adequate imple-
mentation (see also Thompson-Schill et al., 1998, for a
similar line of argument). This was the reason for which
there were no practice trials in Experiment 2. As has
been stated elsewhere (see note 2), by using a Stroop
priming procedure similar to that of the present research
(i.e., with incongruent prime–target pairings being more
frequent that congruent pairings), Merikle and Joordens
(1997b) had to give considerable training to some of
their participants in order for them to be able to use the
prime word strategically to anticipate the target color.
Note also that an adequate implementation of this kind
of predictive strategy would also require participants to
be able to identify the stimulus consciously (see also
Debner & Jacoby, 1994; Merikle & Joordens, 1997a).
Thus, we expected the practice manipulation to be im-
portant with a delayed but not with an immediate mask,
as was actually the case in Experiment 2.

Taken together, the present findings strengthen those
obtained in previous studies (e.g., Daza et al., 2002;
Merikle & Joordens, 1997b), which suggests that the
qualitatively different priming effects stemming from
conscious and unconscious perception in this kind of
dissociativeprocedure do indeed reflect the contribution
of strategic (controlled) and automatic processes, re-
spectively.
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NOTES

1. In a number of previous studies, Merikle and colleagues (e.g.,
Cheesman & Merikle, 1985, 1986; Merikle et al., 1995) consistently
found that a prime–mask SOA of 33 msec is below most participants’
threshold of subjective awareness. This result has been confirmed in a se-
ries of recent experiments in our labs. Thus, when we required participants
to perform forced-choice binary tasks (e.g., an animate/inanimate judg-
ment) on words presented for 33 msec and immediately masked, their
performance was reliably better than chance (i.e., d¢ > 0). Yet, they re-
ported a complete phenomenal lack of stimulus awareness, suggesting
that words presented under immediate masking conditions were below
a subjective threshold but not below an objective threshold of stimulus
awareness.

2. Note that less than one half of the participants in each of Daza
et al.’s (2002)experiments showed a reversed (facilitatory) Stroop effect
from consciously perceived stimuli at the shortest prime–target SOA
(300 msec). Whereas the reasons for the discrepancies between Daza
et al.’s findings and those reported by Merikle and Joordens (1997b) at
the 300-msec SOA remain unclear, an inspection of Figure 1 in Merikle
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and Joordens’s paper (1997b, p. 224) suggests that the overall RTs in
their study were shorter (i.e., below 400 msec) than those reported by
Daza et al. (i.e., above 400 msec). Whereas none of the participants in
our experiments had any prior experience with this kind of task, we have
heard from both Phil Merikle (personal communication, July 16, 2001)
and Steve Joordens (personal communication, October 25, 2001) that
some of their participants were given considerable training in using the
prime word to anticipate the target color. Furthermore, some of their
participants may have been in other perception-without-awareness
experiments—that is, experiments that would have given them experi-
ence with briefly presented and masked items. On the basis of prior ev-
idence showing that the time necessary to implement strategic processes
can be shortened by practice (e.g., Logan & Zbrodoff, 1982; see also
Logan, 1985), it thus remains possible that in Merikle and Joordens’s
(1997b) study, a seemingly short SOA of 300 msec could still represent
enough time for strategy development for a large proportion of their
participants.

3. In the present experiment, we used a prime–target SOA of
400 msec, since this was the only SOA condition in which both the fa-
cilitatory and the reversed priming effects (under immediate vs. delayed
masking conditions, respectively) had reached statistical significance
in Experiment 1 (see Table 1).

4. It should be noted that the nonsignificant priming of +11 msec in
the first trial block was the result of between-participants variability in
the delayed masking group. Thus, less than one half (10) of the 24 par-
ticipants showed strategic (i.e., negative) priming, whereas the remain-
ing participants showed an opposite positive priming, although the

prime words were clearly visible. In contrast, such participant variabil-
ity was greatly reduced as task practice increased. Thus, in the second
and third trial blocks, 16 and 20 participants, respectively, showed
strategic (negative) priming (with the remaining 8 and 4 participants in
the respective blocks showing positive priming). It appears, then, that
whereas some participants in the delayed masking group did not need
practice in order to use the prime strategically to anticipate the target
category, this was not really the case for most of the participants, who
required some training with the task (see also Daza et al., 2002, note 6,
for similar results with a Stroop priming task).

5. In a series of lexical decision experiments (Abad, Noguera, & Or-
tells, 2003), positive and negative semantic priming effects (from at-
tended and unattended prime words, respectively) have consistently been
found only when the prime–target pairs were highly associated words
belongingto the same semantic category. In contrast, no priming evidence
was observed for categorically related prime–target pairs that were weak
associates and did not share many semantic features (e.g., giraffe–mouse;
face–heart).

6. To the extent that the related trials always consisted of strong as-
sociates from the same semantic category, the target stimulus following
the prime word HAND on a related trial could only be the word finger,
never the word face or eye.

(Manuscript received November 5, 2002;
revision accepted for publication April 28, 2003.)
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