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The phenomenon of priming without awareness, in 
which primes escape subjective awareness but neverthe-
less affect subsequent behavior, has been demonstrated 
repeatedly in a variety of paradigms. Bargh, Chen, and 
Burrows (1996) serves as a suitable example: Participants 
waited longer to interrupt an unresponsive experimenter 
after unscrambling words that were related to politeness 
than they did after words that were related to rudeness. 
Likewise, participants who were exposed to words that 
were related to old age left the laboratory more slowly 
than did those who were not.

Priming without awareness, however, is not the same as 
subliminal priming. Subliminal primes are presented so 
quickly or in such impoverished conditions that they are 
not visible, even when full attention is deployed. Clearly, 
Bargh et al.’s (1996) primes were not subliminal; par-
ticipants could have maintained awareness of the viewed 
words and adjusted their behavior as they wished. Chees-
man and Merikle (1984) provided the critical distinction 
between priming without awareness and subliminal prim-
ing. They failed to find evidence of subliminal primes; 
that is, primes that were below an objectively determined 
threshold did not have an effect on responses to targets.

In the last decade, however, the field has seemingly 
reversed the Cheesman and Merikle (1984) finding, and 
many researchers claim to have demonstrated the most im-
pressive form of subliminal priming—namely, that there 
are priming effects even for stimuli that cannot, under any 
circumstance, be detected or classified (see, e.g., Dehaene 
et al., 1998; Greenwald, Draine, & Abrams, 1996; Kunde, 
Kiesel, & Hoffmann, 2003; Van Opstal, Reynvoet, & Ver-
guts, 2005; see Snodgrass, Bernat, & Shevrin, 2004, for 
a review). These findings of subliminal priming not only 
were surprising in their own right, but also influenced the-
ories of human information processing (see, e.g., Green-

wald, Abrams, Naccache, & Dehaene, 2003), emotional 
processing (see, e.g., Li, Zinbarg, Boehm, & Paller, 2008), 
and mental pathology (see, e.g., Dehaene et al., 2003). 
Although the claim of subliminal priming is influential, 
the demonstrations of its existence have been critiqued on 
statistical grounds (Dosher, 1998; Reingold & Merikle, 
1988; Rouder, Morey, Speckman, & Pratte, 2007). In this 
article, we provide evidence that previous demonstrations 
may have been susceptible to a subtle methodological ar-
tifact that is separate from any statistical critiques.

The subliminal priming claim is conventionally sup-
ported by a paradigm with two separate tasks. In one task, 
participants respond to a clearly visible target. The target 
is preceded by a briefly presented prime (see Figure 1A), 
and the researcher assesses the degree to which the prime 
has influenced the response to the target. In the present 
experiments, single-digit numbers served as targets, and 
participants classified them as less than or greater than 5. 
We refer to this task as target classification. In the second 
task, participants respond to the prime, and their ability 
to do so accurately is the main dependent measure. In 
the present experiments, single-digit numbers served as 
primes, and participants classified them as less than or 
greater than 5. We refer to this task as prime classification. 
In this paradigm, the two tasks occur in separate blocks of 
trials, and the paradigm is referred to as the two-task de-
sign. In the present experiments, priming occurred when 
the less-than-5 status of the prime affected the less-than-5 
judgment about the target. In previous research with this 
task (e.g., Dehaene et al., 1998; Kunde et al., 2003), tar-
get classification was faster when the prime and target 
shared the same less-than-5 status (i.e., they were con-
gruent) than when they had opposing less-than-5 status 
(i.e., they were incongruent). Subliminal priming occurs 
when there is a priming effect in target classification and 
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duration primes should have been easy to classify, allowing 
participants to experience success, at least occasionally, thus 
lessening the overall difficulty of the task. Experiment 1 
was designed to determine whether prime classification 
could be improved simply by mixing in the long- duration 
primes. Blocks of trials were of two types: (1) Pure blocks 
consisted of only short-duration primes; (2) mixed blocks 
consisted of both short- and long-duration primes.

The experiment used a rather conventional number-
priming design that has been used frequently to claim 
subliminal priming (see, e.g., Dehaene et al., 1998; Kunde 
et al., 2003; Naccache & Dehaene, 2001; Van Opstal 
et al., 2005). In pure-block prime classification, primes 
were presented for 25 msec. In mixed-block prime clas-
sification, half of the primes were presented for 100 msec, 
and half were presented for 25 msec. Prime duration was 
randomized in mixed blocks, so that on any trial partici-
pants could not know whether it would be a short- or long-
 duration prime.

Method
Participants. Forty-four University of Missouri students par-

ticipated in Experiment 1 in return for credit toward a course 
requirement.

Stimuli and Display. The digits 2, 3, 4, 6, 7, and 8 served as 
targets. Primes consisted of the same digits and a blank field. Tar-
gets and primes were drawn in white against a black background in 
an 18-point DOS-system font. The displays were 17-in. Dell CRTs 
with resolutions of 800  600 pixels, refreshing at a rate of 80 Hz. 
Displays were driven by Pentium 4 PCs running MS-DOS. Display 
and response collection was controlled by a custom-written set of 
C routines.1

Procedure. The structure of trials is shown in Figure 1A. Digits 
were randomly assigned as targets and primes, with the constraint 

prime-classification accuracy is not reliably greater than 
the appropriate chance baseline.

Reingold and Merikle (1988) highlighted an important 
assumption underlying all two-task designs: Primes must 
be equally visible in the prime- and target- classification 
tasks. The heart of our critique is that this assumption 
is violated. While serving as participants, we noticed 
that our motivation and attention waned in the prime-
 classification task. Simply put, it was difficult to maintain 
motivation and attention in such a difficult task. There 
is no such effect in the target-classification task. Targets 
are easy to classify, and it is easy to maintain attention 
and motivation during the task. What concerns us, then, 
is whether participants process primes better in the target-
classification task than in the prime-classification task as 
a result of differences in task difficulty. Although we ex-
perienced a motivation difference, this experience is not 
necessary for a task–difficulty confound. There may be 
other mechanisms at work, so that in difficult tasks, for 
example, participants adopt a speed–accuracy trade-off 
that is different from the one that they adopt in easy tasks, 
or that attention is deployed in a less ideal manner. The 
critical question is whether differences in overall task dif-
ficulty affect processing of the prime; fortunately, this is 
an empirical question.

EXPERIMENT 1

To assess the plausibility of our concern that overall 
task difficulty affects prime processing, we manipulated 
overall task difficulty by intermixing long-duration primes 
(100 msec) with short-duration ones (25 msec). The long-
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effect: When participants observed mixed blocks first, 
it raised performance on subsequent pure blocks. In ad-
dition to the planned-comparisons test, we performed 
a post hoc mixed-effects ANOVA, with block type and 
order serving as factors. One element complicating this 
analysis was that 4 participants withdrew their consent in 
the second prime-classification task. We performed the 
preceding analysis both with these participants included 
and with them excluded, and this choice had no bear-
ing on the outcome. The results of the ANOVA were a 
main effect of pure- versus mixed-block type [F(1,37)  
17.85, p  .001] but, surprisingly, there was no interaction 
[F(1,37)  1.39, mean square interaction of block type by 
participant  .0018]. Finally, the 100-msec primes were 
classified with 80.7% accuracy, indicating that these were 
processed often and that they did raise overall ease.

The mixing of short- and long-duration primes clearly 
increased prime-classification accuracy and made the task, 
on the whole, easier. There may have been unintended per-
ceptual effects of the inclusion of long- duration primes 
on the classification of short-duration ones, however. For 
instance, there may have been activation carryover from 
long-prime trials that enhanced the classification of subse-
quent short primes. In fact, perceptual carryover is known 
to occur in many perceptual and attention paradigms (Ber-
telson, 1963; Maljkovic & Nakayama, 1994). To test for 
any such trial-by-trial carryover effect, we conditioned 
short-duration-prime classification on the previous trial’s 
prime duration. There was no discernible difference: Per-
formance was 59.9% for short primes that were preceded 
by short primes, and 60.6% for short primes that were 
preceded by long ones [t(19)  0.41, n.s.]. The differ-
ence between short-duration-prime classification in pure 
and mixed blocks seems to have been a global, block-long 
effect rather than a local, trial-by-trial effect. This course 
is consistent with the task-difficulty explanation of the 
effect of mixing primes.

Priming effect in target classification. A target-
 classification trial was discarded if the response was 
incorrect (5%), the response time was outside a 200- to 
 1,500-msec range (1.1%), or the prime and target were 
the same digit (so as to preclude repetition priming ef-
fects). The choice of 1,500 msec as an upper truncation 
point on RT is conventional in this task (see, e.g., Kunde 
et al., 2003; Van Opstal et al., 2005). Moreover, other 
choices (e.g., 1 sec or 3 sec) for the upper bound do not 
affect the results appreciably. For these data, targets that 
were preceded by congruent primes were classified faster 
than were those that were preceded by incongruent ones 
[521 msec for congruent primes vs. 532 msec for incon-
gruent primes; t(42)  4.85, p  .0001]. This 11-msec 
priming effect is concordant with previous findings.

Discussion
The results of Experiment 1 show that classification 

of short-duration (25-msec) primes can be increased 
simply by intermixing these primes with long-duration 
(100-msec) ones. Because target classification is easy, it is 
entirely plausible that the mixed-prime-classification ac-
curacy reflects prime processing in the target- classification 

that each appeared equally often as targets and as primes for each 
participant.

The structure of sessions is shown in Figure 1B. Sessions began 
with the target-classification task. Primes were presented for 25 msec. 
Participants were instructed to classify the target as less than or greater 
than 5 by depressing an assigned key on a computer keyboard. They 
were not informed about the existence of the primes. After perform-
ing eight target-classification blocks of 84 trials each, participants 
were debriefed about the existence of the primes. After debriefing, 
participants performed eight blocks of the prime- classification task, 
in which the primes were classified as greater than or less than 5. Half 
of the participants performed four pure blocks (prime durations of 
25 msec) followed by four mixed blocks (prime durations of 25 and 
100 msec). The other half of the participants performed the tasks in 
the reverse order. In the mixed blocks, the two durations appeared 
equally often and in a random order.

Results
One participant was not analyzed because of a failure 

to follow instructions.
Prime classification. The main question of interest 

was how well the short-duration 25-msec primes were 
classified in pure and mixed blocks. Prior to perform-
ing the experiment, the between-participants compari-
son in the first prime-classification task was the primary 
contrast of interest (see arrowed line in Figure 1B), and 
the second task was added as an afterthought.2 Figure 2 
shows the accuracies; the error bars are 95% confidence 
intervals. Indeed, for the first prime-classification task, 
participants classified 25-msec primes significantly bet-
ter in mixed blocks than they did in pure blocks [t(41)  
3.80, p  .001]. Also evident in the figure is a carryover 
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Figure 2. Prime-classification accuracies in Experiment 1. 
Overall, 25-msec primes were classified more accurately in mixed 
blocks than in pure blocks.
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Priming effect in target classification. In the target-
classification task, trials were discarded using the same 
criteria that were used in Experiment 1. The bottom panel 
of Figure 3 shows the priming effects for each prime du-
ration in both pure-prime and mixed-prime target clas-
sification. There are two main findings. First, for the 
mixed-prime blocks, the priming effects for both 16.7-
msec presentations were below zero, even though prime 
classification was significantly above chance. Second, 
the priming effect was larger for the pure-prime condi-
tion (8.6 vs. 3.7 msec), although this difference was not 
significant [F(1,79)  1.82, p .18].

Discussion
Experiment 2 provided two important results. First, sub-

liminal priming did not appear to hold for mixed-prime 
target presentation; that is, it was possible to achieve 
above-chance levels of performance with no priming ef-
fect. Second, priming in pure-prime target classification 
was as large or larger than priming in mixed-prime target 
classification. This result is concordant with Smith, Besner, 
and Miyoshi (1994), who found that intermixing 280-msec 
primes with 84-msec ones reduced the priming effect for 
the 84-msec primes relative to when these primes were pre-
sented alone. Although we ruled out subliminal priming 

task. In the subsequent experiments, we assessed whether 
subliminal priming can be observed when this measure of 
prime processing is used.

EXPERIMENT 2

In Experiment 2, all participants observed mixed blocks 
(short- and long-duration primes) during prime classifica-
tion. There are two options for target classification: either 
short- and long-duration primes are intermixed (mixed-
prime target classification), or, alternatively, the primes 
are all short-duration ( pure-prime target classification). 
Although we used pure-prime target classification in Ex-
periment 1, we did not justify this choice. Our approach 
in Experiment 2 was to explore the issue and choose the 
option that maximized the priming effect. This way, if 
subliminal priming did occur, we maximized our chances 
of detecting it; moreover, if subliminal priming did not 
occur, we could be confident that this null result was not 
the result of an injudicious choice of target- classification 
task.

There were two main variables in Experiment 2 that 
were manipulated in a between-participants fashion. One 
variable was target-classification-task type: Half of the 
participants observed pure-prime target classification, 
whereas the other half observed mixed-prime target clas-
sification. Second, the duration and intensity of the short-
duration prime was manipulated through several levels 
to observe a range of near-threshold prime-classification 
performance. We expected that the least visible of these 
primes would not elicit above-chance performance.

Method
Participants. Eighty-seven University of Missouri students par-

ticipated in Experiment 2 in return for credit toward a course re-
quirement. We had planned to run an additional 73 participants, but 
the preliminary analysis of the experiment showed this plan to be 
unnecessary, as is discussed below.

Design. The experiment was a two-factor (target-classification 
condition by prime visibility) between-participants design, with two 
levels on the first factor and four levels on the second. Prime dura-
tions were 16.7, 18.2, and 20.0 msec. These upper two durations were 
produced by displaying the stimulus for two frames, with refresh 
rates of 110 and 100 Hz, respectively. We employed two different 
conditions for the 16.7-msec primes: a two-frame display at 120 Hz, 
and a one-frame display at 60 Hz. A one-frame display should be 
less visible than a two-frame display, since the overall intensity is 
less in a comparable time frame (Bloch’s law; see Kahneman & Nor-
man, 1964). There were thus a total of four prime-visibility condi-
tions and a total of eight separate conditions that were obtained by 
crossing both factors. The 87 participants were randomly assigned 
to one of these eight conditions.

Procedure. Experiment 2 was identical to Experiment 1, with 
the following exceptions: (1) A blank-field prime was not used, and 
(2) target- and prime-classification blocks consisted of 72 trials.

Results
Prime classification. The top panel of Figure 3 shows 

the prime-classification accuracies for each prime dura-
tion in the mixed-prime-classification task. At all prime 
durations, the primes were classified with above-chance 
accuracy in the mixed task, as evidenced by the 95% con-
fidence intervals in the figure.
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are largest for fast responses and decrease as responses 
slow. To maximize priming effects, they recommended 
using a response-window approach in which participants 
are forced to classify the target within approximately 
300 msec. The basic motivation behind this manipula-
tion is that the priming effect may be short-lived and thus 
may be attenuated by the time that participants respond in 
unspeeded conditions. When participants are speeded by 
the deadline, the prime may be more salient. We note that 
most previous demonstrations of subliminal priming did 
not rely on this method. Nonetheless, in case there was 
short-lived priming, we analyzed the fastest responses, 
which typically show the largest priming effects (Green-
wald et al., 2003). To do so, we calculated priming effects 
at the 10th percentile of responses for each participant in 
each condition. The results of this analysis are concor-
dant with those of the mean effects: Priming at the 10th 
percentile was not significant for the 11.8-msec primes 
[ 0.7 msec, t(18)  0.28, p .79] or for the 8.3-msec 
primes [ 1.4 msec, t(20)  0.77, p .45].

Discussion
The results for the 11.8-msec-prime condition provide 

the critical evidence that subliminal priming does not exist 
when task difficulty is controlled. In this case, the prim-
ing effect was nonsignificant, even though short-duration 
primes were classified with significantly above-chance 

for mixed-prime target presentations, it is still possible that 
there was subliminal priming for pure-prime target presen-
tations. Our data for this case showed priming, although the 
primes were visible. In the next experiment, therefore, we 
presented the primes for even shorter durations to determine 
whether priming abated before primes were subliminal, or 
whether accuracy abated before priming did.

The fact that primes were presented so quickly and were 
still classified with some accuracy shows the surprisingly 
large magnitude of the global task-difficulty effect. In 
Experiment 1, 25-msec primes were classified with 54% 
accuracy in pure blocks (when performed first). In Experi-
ment 2, 16.7-msec primes were classified with the same 
54% accuracy in mixed blocks. To equate performance, 
therefore, stimulus duration needed to be decreased by a 
third in mixed blocks.

EXPERIMENT 3

In Experiment 3, we assessed whether priming exists 
in pure-prime target classification when prime durations 
are so brief that primes cannot be classified with above-
chance performance in mixed blocks. Experiment 3 is a 
near replication of Experiment 2, but with only pure-prime 
target classification and prime durations of 8.3 msec (one 
frame at 120 Hz) and 11.8 msec (one frame at 85 Hz). The 
two duration levels were run in a between-participants 
design.

Method
Forty University of Missouri students participated in Experi-

ment 3 in return for credit toward a course requirement. Participants 
were randomly assigned to one of the two short-duration prime con-
ditions. All other aspects of Experiment 3 were identical to those of 
Experiment 2.

Results
Prime classification. The top panel of Figure 4 shows 

the prime-classification accuracies for the 8.3- and 
 11.8-msec primes. The 8.3-msec primes were classified 
with 49.7% accuracy, which did not differ from chance 
performance [t(20)  0.33, p .75]. Surprisingly, the 
11.8-msec primes were classified with 53.1% accuracy, 
which did differ significantly from chance performance 
[t(18)  3.26, p  .01].

Priming effect in target classification. In the target-
classification task, trials were discarded using the same 
criteria that were used in Experiment 1. The bottom panel 
of Figure 4 shows the priming effects for the 11.8- and 
 8.3-msec primes; importantly, the priming effect was 
below zero for each. The upper 95% confidence inter-
vals on the priming effects for 8.3- and 11.8-msec primes 
suggest that the true priming effects were no larger than 
1.5 and 4.7 msec, respectively. There was sufficient power 
to detect a 5-msec priming effect had it existed.

Because the above results are null results, it is appro-
priate to worry about the sensitivity of the paradigm as 
well as the sensitivity of the measurements. Greenwald 
and colleagues (Draine & Greenwald, 1998; Greenwald 
et al., 1996) have shown that near-liminal priming effects 
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In the Greenwald et al. (1995) regression method, the 
priming effect is regressed onto prime visibility (measured 
by d  sensitivity). Subliminal priming is claimed when the 
intercept of the regression line is significantly above zero 
(see Figure 5A). One seminal critique of this method is 
that regression analysis assumes no measurement error 
in the regressor, or the prime visibility in this case. When 
the measurement of prime visibility is variable, this unac-
counted variability leads to an underestimation of slope 
and an overestimation of intercept (Dosher, 1998). Statisti-
cal methods have been developed to address this problem 
(Klauer, Draine, & Greenwald, 1998; cf. Miller, 2000), but 
these were not used by Nac cache and Dehaene (2001). The 
critical question is whether Naccache and Dehaene’s inter-
cept was truly above zero, indicating a conflict with our 
results, or was artifactually above zero due to measurement 
error in the regressor.

Naccache and Dehaene (2001) assessed prime visibility 
by having 18 participants perform 32 prime- identification 
trials each. With so few trials per participant, there is ex-
cessive variability in prime-accuracy estimates and, conse-
quently, excessive and systematic upward bias in intercept. 
We provide an example of this variability and bias in Fig-
ure 5B. The points are noisy samples from a trajectory with 
no subliminal priming (gray line). The variance in prime 
visibility is from the natural binomial noise that results 
from having only 32 prime-detection trials per participant, 
the number that was used by Naccache and Dehaene. The 
resulting regression line (black line) is far too shallow, and 
the intercept is far too high. In this case, in fact, it is signifi-
cantly greater than zero, leading to a mistaken conclusion 
of subliminal priming. To show that the real Type I error 
rate on the test of the intercept was vastly inflated for the 
sample sizes in Naccache and Dehaene, we repeated the 
simulation in Figure 5B 1,000 times. The null hypothesis 
that the intercept is zero was mistakenly rejected for 994 
of these 1,000 replicates, with a nominal Type I error rate 
of   .05. That is, even though the reported Type I error 
rate was .05, the real Type I error rate was .994! Figure 5C 

accuracy. The 8.3-msec primes, which were subliminal, 
also produced no priming. These results suggest that when 
primes are at or slightly above the threshold of classifiabil-
ity, there is no priming once task difficulty is controlled.

GENERAL DISCUSSION

In this article, we have argued that previous demonstra-
tions of subliminal priming using the two-task paradigm 
were subject to a task-difficulty artifact. In Experiment 1, 
the classifiability of short-duration primes increased when 
the overall task was made easier through the intermixing of 
short- and long-duration primes. When the task- difficulty 
artifact was controlled for in Experiments 2 and 3, we 
found no evidence of subliminal priming.

Previous Studies With  
Mixed-Prime Presentations

There are studies that have used mixed-prime presen-
tations in prime classification and still claimed sublimi-
nal priming (Draine & Greenwald, 1998; Naccache & 
Dehaene, 2001). Draine and Greenwald used words and 
nonwords as primes, and they crossed these with dura-
tions of 17, 33, and 50 msec. It is not clear, however, 
whether these 50-msec primes were sufficiently easy to 
control for a task-difficulty artifact. Participants were 
not overly accurate with 50-msec primes; the average 
d  was less than .5, and the corresponding accuracy was 
less than 60%.

The more challenging result, at least at first glance, 
comes from Experiment 1 from Naccache and Dehaene 
(2001). These researchers intermixed 200-msec primes 
with 43-msec primes in their prime-detection task and still 
found priming. We can safely assume that the  200-msec 
primes were visible and controlled task difficulty. Nac-
cache and Dehaene used a sophisticated data-analytic 
technique—Greenwald, Klinger, and Schuh’s (1995) re-
gression method—to claim subliminal priming. We argue 
below that their analysis with this method was suspect.
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gorization. It may be better because of selective attention, 
or it may be worse due to global motivational differences. 
Perhaps, then, the minimal conclusion that can be drawn 
from our work is that two-task designs are ill-suited for as-
sessing subliminal priming, and previous demonstrations 
with these designs are suspect.

Although we found no evidence of subliminal number 
priming, this null result does not necessarily generalize to 
other domains, such as arrow priming (see, e.g., Eimer & 
Schlaghecken, 2002; Vorberg, Mattler, Heinecke, Schmidt, 
& Schwarzbach, 2003) or repetition priming (see, e.g., 
Dehaene et al., 2001). Moreover, perhaps subliminal 
priming will appear at even lower prime durations than the 
8 msec that was used here (see Snodgrass et al., 2004, for 
an alternative that anticipates such a result). Rather, our 
results in number priming serve as a general warning that 
any findings with the two-task paradigm are tenuous. We 
end by reiterating the advice of Reingold and colleagues 
(e.g., Reingold, 2003, 2004; Reingold & Merikle, 1988, 
1990) that the two-task paradigm is to be avoided, because 
it is difficult to know whether prime processing has been 
equated across the two tasks.

AUTHOR NOTE

This research is supported by NSF Grant SES-0351523 and by NIMH 
Grant R01-MH071418. We thank Anthony Greenwald, Sean Vecera, 
and Michael Snodgrass for insightful comments. Correspondence con-
cerning this article should be addressed to M. S. Pratte, Department of 
Psychological Sciences, 210 McAlester Hall, University of Missouri, 
Columbia, MO 65211 (e-mail: prattems@gmail.com).

REFERENCES

Bargh, J. A., Chen, M., & Burrows, L. (1996). Automaticity of social 
behavior: Direct effects of trait construct and stereotype activation on 
action. Journal of Personality & Social Psychology, 71, 230-244.

Bertelson, P. (1963). S–R relationships and reaction times to new ver-
sus repeated signals in a serial task. Journal of Experimental Psychol-
ogy, 65, 478-484.

Cheesman, J., & Merikle, P. M. (1984). Priming with and without 
awareness. Perception & Psychophysics, 36, 387-395.

Dehaene, S., Artiges, E., Naccache, L., Martelli, C., Viard, A., 
Schürhoff, F., et al. (2003). Conscious and subliminal conflicts 
in normal subjects and patients with schizophrenia: The role of the 
anterior cingulate. Proceedings of the National Academy of Sciences, 
100, 13722-13727.

Dehaene, S., Naccache, L., Cohen, L., Le Bihan, D., Mangin, J.-F., 
Poline, J.-B., & Riviére, D. (2001). Cerebral mechanisms of word 
masking and unconscious repetition priming. Nature Neuroscience, 
4, 752-758.

Dehaene, S., Naccache, L., Le Clec’H, G., Koechlin, E., Muel-
ler, M., Dehaene-Lambertz, G., et al. (1998). Imaging uncon-
scious semantic priming. Nature, 395, 597-600.

Dosher, B. A. (1998). The response-window regression method—Some 
problematic assumptions: Comment on Draine and Greenwald (1998). 
Journal of Experimental Psychology: General, 127, 311-317.

Draine, S. C., & Greenwald, A. G. (1998). Replicable unconscious 
semantic priming. Journal of Experimental Psychology: General, 
127, 286-303.

Eimer, M., & Schlaghecken, F. (2002). Links between conscious 
awareness and response inhibition: Evidence from masked priming. 
Psychonomic Bulletin & Review, 9, 514-520.

Greenwald, A. G., Abrams, R. L., Naccache, L., & Dehaene, S. 
(2003). Long-term semantic memory versus contextual memory in 
unconscious number processing. Journal of Experimental Psychol-
ogy: Learning, Memory, & Cognition, 29, 235-247.

shows Naccache and Dehaene’s data, and the potential for 
the artifact is obvious. Therefore, Naccache and Dehaene 
provided no credible evidence for subliminal priming and 
their results pose no challenge to ours.

The Interpretation of Mixed-Prime Presentations
In this article, we have shown that mixing short-

 duration primes with long-duration ones raises classi-
fication performance for the short-duration primes. We 
attribute this effect to increases in global levels of moti-
vation or attention during the task. Because participants 
have some chance of being correct, they are engaged in 
the task, much as they are in target classification. An al-
ternative interpretation is possible, however. According 
to this interpretation, participants may pay greater atten-
tion to primes in prime classification than in target clas-
sification, since the former requires prime processing. In 
this interpretation, prime classification inherently over-
estimates the prime processing in target classification. 
The intermixing of long-duration primes exacerbates this 
overestimation, moreover, since the long-duration primes 
allow participants to more skillfully direct attention to 
the short-duration primes. According to this view, in the 
present study we have unartfully stacked the deck against 
subliminal priming.

This alternative interpretation is unappealing for sev-
eral reasons. First, participants did show priming effects 
for prime durations as fast as 18 msec; therefore, there is 
evidence that primes were being processed during target 
classification. Moreover, the notion that participants can 
selectively attend to one brief temporal window (the tar-
get) and not attend to an immediately adjacent temporal 
window (the prime) at the same location is undocumented. 
Most theories of attention have a temporal component 
(e.g., Sperling & Weichselgartner, 1995) in that attention 
cannot be turned on and off so rapidly. We suspect that 
the fixation cross drew attention, which was heightened 
with the quick changes in the mask–prime–mask–target 
ensemble. The critique might be more viable in a design 
in which the target was displayed until response. In such 
a design, a participant could conceivably look away from 
the stimuli for a second and still perform the task. In our 
design, however, targets were displayed for 200 msec, 
and it seems unlikely that attention could have been de-
ployed so accurately over time to reliably isolate the target 
from the prime. All said, there simply is no evidence that 
participants can selectively attend to the prime in prime 
classification but not in target classification. With the 
selective- attention interpretation discounted, the results 
of the reported experiments showed no evidence for sub-
liminal priming and suggest that previous demonstrations 
were artifacts of task difficulty.

Although we do not believe that the selective-attention 
argument carries weight, it is useful to consider its ramifi-
cations should it hold. The presence of selective attention 
does not mitigate the possibility that global motivation 
factors affect prime-classification performance; hence, 
researchers can never know whether prime processing is 
better or worse in prime categorization than in target cate-



ARTIFACT IN SUBLIMINAL PRIMING    1283

theory and measurement in the study of unconscious processes. Mind 
& Language, 5, 9-28.

Rouder, J. N., Morey, R. D., Speckman, P. L., & Pratte, M. S. (2007). 
Detecting chance: A solution to the null sensitivity problem in sub-
liminal priming. Psychonomic Bulletin & Review, 14, 597-605.

Smith, M. C., Besner, D., & Miyoshi, H. (1994). New limits to auto-
maticity: Context modulates semantic priming. Journal of Experimen-
tal Psychology: Learning, Memory, & Cognition, 20, 104-115.

Snodgrass, M., Bernat, E., & Shevrin, H. (2004). Unconscious per-
ception: A model-based approach to method and evidence. Perception 
& Psychophysics, 66, 846-867.

Sperling, G., & Weichselgartner, E. (1995). Episodic theory of the 
dynamics of spatial attention. Psychological Review, 102, 503-532.

Van Opstal, F., Reynvoet, B., & Verguts, T. (2005). How to trigger 
elaborate processing? A comment on Kunde, Kiesel, and Hoffmann 
(2003). Cognition, 97, 89-97.

Vorberg, D., Mattler, U., Heinecke, A., Schmidt, T., & Schwarz-
bach, J. (2003). Different time courses for visual perception and ac-
tion priming. Proceedings of the National Academy of Sciences, 100, 
6275-6280.

NOTES

1. In experiments like these, it is critical that the display system obey 
all timing requirements without missing a refresh. The accuracy of our 
system was tested by placing a photodiode over the display and recording 
voltage output on a separate computer. Our system did not skip a refresh 
command during 10 h of continuous presentation of experimental trials 
(18,000 trials).

2. These experiments were performed in partial fulfillment of the first 
author’s master’s thesis. In accordance with department policy, a plan of 
statistical analysis was submitted before the experiments were executed. 
In this plan, the first author specified the contrast that is highlighted in 
Figure 1B (arrows) to mitigate potential carryover effects.

(Manuscript received November 3, 2008; 
revision accepted for publication March 23, 2009.)

Greenwald, A. G., Draine, S. C., & Abrams, R. L. (1996). Three 
cognitive markers of unconscious semantic activation. Science, 273, 
1699-1702.

Greenwald, A. G., Klinger, M. R., & Schuh, E. S. (1995). Activa-
tion by marginally perceptible (“subliminal”) stimuli: Dissociation 
of unconscious from conscious cognition. Journal of Experimental 
Psychology: General, 124, 22-42.

Kahneman, D., & Norman, J. (1964). The time–intensity relation in 
visual perception as a function of observer’s task. Journal of Experi-
mental Psychology, 68, 215-220.

Klauer, K. C., Draine, S. C., & Greenwald, A. G. (1998). An un-
biased errors-in-variables approach to detecting unconscious cogni-
tion. British Journal of Mathematical & Statistical Psychology, 51, 
253-267.

Kunde, W., Kiesel, A., & Hoffmann, J. (2003). Conscious control over 
the content of unconscious cognition. Cognition, 88, 223-242.

Li, W., Zinbarg, R. E., Boehm, S. G., & Paller, K. A. (2008). Neural 
and behavioral evidence for affective priming from unconsciously 
perceived emotional facial expressions and the influence of trait anxi-
ety. Journal of Cognitive Neuroscience, 20, 95-107.

Maljkovic, V., & Nakayama, K. (1994). Priming of pop-out: I. Role of 
features. Memory & Cognition, 22, 657-672.

Miller, J. (2000). Measurement error in subliminal perception experi-
ments: Simulation analyses of two regression methods. Journal of 
Experimental Psychology: Human Perception & Performance, 26, 
1461-1477.

Naccache, L., & Dehaene, S. (2001). Unconscious semantic priming 
extends to novel unseen stimuli. Cognition, 80, 215-229.

Reingold, E. M. (2003). Interpreting dissociations: The issue of task 
comparability. Cortex, 39, 174-176.

Reingold, E. M. (2004). Unconscious perception and the classic dis-
sociation paradigm: A new angle? Perception & Psychophysics, 66, 
882-887.

Reingold, E. M., & Merikle, P. M. (1988). Using direct and indirect 
measures to study perception without awareness. Perception & Psy-
chophysics, 44, 563-575.

Reingold, E. M., & Merikle, P. M. (1990). On the inter-relatedness of 



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 149
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 149
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 599
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /DEU <>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice


