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In a recent study, McCauley, Parmelee, Sperber, and Carr (1980) reported results indicating
that semantic priming had been produced by visual stimuli that were backward masked at dura
tions too brief for greater than chance report. The conclusions drawn from such an experiment
are critically dependent upon whether or not the primes were actually masked below the thresh
old for identification during priming trials. The three experiments reported here provide evi
dence that this requirement was not met. Rather, McCauley et al.'s (1980) methodology allowed
for an uncontrolled increase in light adaptation during the actual testing of prime efficacy in the
priming session. This increase in light adaptation reduced the effectiveness of the backward
mask and resulted in an increase in prime visibility during priming trials. Thus, semantic prim
ing probably occurred under conditions in which commensurate visual information was actually
available.

A stimulus that is too weak to be identified with
greater than chance accuracy cannot affect a person's
cognitive state, or, at least this became the prevailing
view among psychologists following Eriksen's (1960)
review of discrimination and learning without aware
ness. Recent studies challenge this belief (Fowler,
Wolford, Slade, & Tassinary, 1981; Marcel & Patterson,
1978; McCauley, Parmelee, Sperber, & Carr, 1980).
These studies purport that semantic priming can oc
cur for a tachistoscopically presented stimulus even
when the priming stimulus is too weak to be iden
tified by the observer.

As Nolan and Caramazza (1982) have recently
suggested (see, also, Merikle, 1982), the terminol
ogy used in this research area may have served to
obscure the issues. It is generally accepted that per
formance can be affected by stimuli that are not com
pletely and unambiguously identified. If this is what
is meant by priming without awareness, then there
is no controversy. The controversial claim is that a
certain amount of semantic priming can occur in the
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absence of evidence that a commensurate amount
of sensory processing of the prime has taken place.
In particular, the finding that semantic priming can
occur under conditions in which the prime is iden
tified at chance accuracy in a forced choice proce
dure is at the center of much controversy and is the
focus of our empirical efforts. We retained the term
"awareness" in our title only for consistency with the
previous literature and to avoid the cumbersome
"semantic priming under conditions in which prime
report is at chance accuracy."

The experiments of McCauley et al. (1980) offer
the best available evidence for semantic priming
without awareness, but they are marred by a subtle,
and potentially serious, flaw. It is likely that McCauley
et al. (1980) inadvertently light-adapted their subjects
during the priming sessions, thereby causing a sys
tematic decrease in their subjects' recognition thresh
olds. In this case, even accurately assessed thresholds
obtained in preliminary trials would have been too
liberal to justify their claim to have achieved seman
tic priming without awareness. If true, this finding
proves suspect the best available evidence for seman
tic priming without awareness.

We have two goals in this paper. The first is to
demonstrate that the data of McCauley et al. (1980)
can be accounted for by a form of light adaptation
and, therefore, do not offer evidence for semantic
priming without awareness. Our second goal is to il-
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lustrate the effects of light adaptation in a masking
paradigm often used in cognitive psychology. It is
not widely known that light adaptation can improve
target report under visual masking (Boynton &
Kandel, 1957; Purcell & Stewart, 1974; Scharf &
Fuld, 1972). Our data will demonstrate the impor
tance of light adaptation when visual masking is used
to limit the observer's access to a visual stimulus and
will emphasize the necessity to eliminate adaptation
effects from cognitive experiments.

To understand our argument with regard to light
adaptation, it is necessary to compare McCauley
et al. 's (1980) threshold assessment trials with their
priming trials. In order to assess the subject's recog
nition thresholds, McCauley et al. (1980) exposed
them to a sequence of a picture stimulus followed by
a masking stimulus (In subsequent trials, the picture
stimulus was used as a priming stimulus.) The ob
servers were in a darkened room, and before and
after each trial they continued to look into the dark
viewing box of the tachistoscope. Although the sub
jects were not dark adapted at the beginning of the
assessment trials, they eventually became dark
adapted because it took over an hour to assess thresh
olds for their 10 priming pictures.

During the priming trials, the subjects were pre
sented with the sequence of a priming stimulus fol
lowed by a masking stimulus. Unlike the threshold
trials, in the priming trials the offset of the mask was
followed by a third flash of light, which contained
the target stimulus. The target terminated when the
subject responded. The target durations ranged from
750 to 800 msec. It is our contention that the light
from the target flash either prevented dark adapta
tion from taking place during the priming trials or, at
the very least, prevented dark adaptation from pro
ceeding to the level it had reached during the thresh
old assessment trials.

Assume that the subjects were at a higher level of
light adaptation during the priming trials than they
were during the threshold assessment trials. Then the
masking stimulus would no longer be as effective in
suppressing perception of the priming stimulus as it
was during threshold assessment. In other words, any
threshold fixed under conditions of dark adaptation
might allow the subjects to see the priming stimulus
under more light-adapted conditions.

Direct evidence for our hypothesis is presented in
Experiments 1 and 2. Here, reports of visual stimuli,
under conditions of visual backward masking, are
compared with reports of the same stimuli when a
third stimulus was added to the stimulus train. The
third stimulus corresponds to the target stimulus used
in McCauley et al.'s (1980) priming trials. Addi
tional, indirect evidence for our hypothesis comes
from a third experiment in which priming effects
were tested under conditions that minimizedadapta-

tion differences between the threshold sessions and
the priming sessions.

Replicating the essential features of McCauley
et al.'s (1980) experiments hinges on another critical
methodological point involving threshold assess
ment. In what they termed their zero-threshold con
dition, they maintained that no subject was aware of
the content of the priming stimuli, which consisted of
10 pictures taken from the Peabody Picture Vocab
ulary Test. A descending method of limits was used
in assessing the zero threshold: The assessment ended
with the stimulus duration at which the subject in
correctly identified the stimulus for six consecutive
trials. The zero threshold for a picture was achieved
by subtracting 5 msec from this duration, "to ensure
that the estimate was conservative" (McCauley
et aI., 1980, p. 268).1

McCauley et al. 's (1980) description of the assess
ment procedure suggests that the subjects were re
quired to make a forced-choice response. McCauley
et al. (1980) state that "the subjects were told simply
to try to identify the stimulus by naming it aloud and
to guess when they were not sure" (p. 268). Using a
forced-choice technique, a subject would have a .47
probability by chance alone of correctly naming a
stimulus on one of the six consecutive trials. When
we tried to replicate McCauley et al. 's (1980) stated
procedure (hereafter called the "reported proce
dure"), we sometimes failed to achieve their thresh
old criterion, even when the stimulus reached 0 dura
tion (see Merikle, 1982). In subsequent discussions,
we learned that a forced-choice procedure was not
used (Sperber, Note 1). Instead, subjects were al
lowed not to guess if they said they had not seen the
picture. (Hereafter we will refer to this as McCauley
et al.'s (1980) "actual procedure"). To insure that
we would obtain stable thresholds, however, we used
a forced-choice procedure throughout our first ex
periment.

EXPERIMENT 1

The object of the experiment was to study the ef
fect of the target flash on an observer's ability to
identify a priming stimulus. We hypothesized that
the target flash, on a given trial, would light-adapt
the visual system, causing a reduction in the effec
tiveness of the masking stimulus on the succeeding
trial. Diminution of masking would be indicated by
an increase in the number of correctly reported prim
ing stimuli. Since our interest was only in the light
reflected by the target stimulus, no pictorial infor
mation was presented in the flash of light corre
sponding to McCauley et al.'s (1980) target presen
tation. [To avoid unnecessary repetition, we will
refer to McCauley et al. (1980) as M.P.S.C. When a
stimulus is substituted for one used by M.P.S.C., we



will refer to the substitute stimulus as the "mock"
stimulus.]

Method
Our procedures differed from M.P.S.C.'s in that: We used a

forced-choice method, we used no pictorial material in the mock
target flash, and we used letters as mock priming stimuli. Letters
were stimuli with which the observers were familiar and which
could be identified by an unambiguous response. Letters also lent
themselves to a standard forced-choice procedure in determining
the observer's recognition threshold.

Montellesee, Sharpe, and Brown (1979) showed that turning
off an adapting light 10 sec prior to testing affected the critical
duration for luminance summation. M.P.S.C. report that 10 sec
lapsed between their stimulus trials. This suggests that light ad
aptation from M.P.S.C.'s target might have reduced backward
masking of the prime. Since a shorter intertrial interval would bias
the experiment in favor of our hypothesis, we carefully separated
each trial by 10 sec.

Subjects. Four highly trained observers were used. Each had
served as an observer in a variety of masking experiments for 3
years or more. Two observers (D.G.P. and A.L.S.) were aware of
the hypothesis. Two of the observers were not.

Stimuli. Ten black-on-white uppercase letters (A, H, I, M, T, V,
V, W, X, Y) were used to simulate M.P.S.C.'s priming stimuli.
The visual angle of the letter set was selected for each subject in a
pretest. We chose an angular subtense that produced approxi
mately 40070 correct letter report when followed by a masking stim
ulus similar to that of McCauley et al. (1980). The letters sub
tended from .26 to .S3 deg. The letters were centered on a point
•S deg to the right of the point fixated by the subject. The fIxation
fIeld was dark except for a pin-point-size fixation dot.

The mask was a black-on-white pattern composed of the over
lapping, uppercase letters 0 and N. The mask was centered on the
point of fixation and subtended 3 deg horizontally and 2.SS deg
vertically. The stimulus field representing the target stimulus was
also centered on the fixation point and consisted of a blank white
card.

All stimulus fields were 3 deg square. Their white portions were
constant at about 60 cd/m1

• The space-average luminance of the
black and white mask was 30 cd/m1 • The duration of the mask was
constant at SO msec. The mock target flash was constant at I sec,
and its onset occurred 4S0 msec after the offset of the mask, the
same interstimulus interval used by M.P.S.C.

Toward the end of the practice sessions, the duration of the
mock prime was adjusted to bring each observer's performance to
approximately 40070 correct letter report. This was done to com
pensate for practice effects. The final durations were constant for
each observer and ranged from 40 to 6S msec. The mask onset
coincided with the offset of the letters, so that, just as with
M.P.S.C., the duration of the mock prime was confounded with
the stimulus onset asynchrony of the masks.

Apparatus and Procedure. A four-channellconix tachistoscoPe
was employed to present all stimuli. Subjects were tested in 1V2-h
sessions. Prior to testing, they were dark adapted for 10 min. The
simulated threshold condition consisted of a letter presentation
followed by the mask. The simulated priming condition consisted
of a letter presentation, the mask, a dark interval, and the homo
geneously illuminated field corresponding to M.P.S.C.'s target
field.

The subjects initiated each trial. The order of conditions was
counterbalanced across subjects, with half of them receiving the
simulated threshold condition first. When the second condition
was run, the subjects were given five practice trials, both to famil
iarize them with the new condition and to stabilize light adaptation
at the new level. When changing to the simulated threshold con
ditions, after running in the simulated priming trials, the subjects
were again dark adapted for 7 min. Forty trials were run in each
condition, in blocks of 10 trials each.
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Results and Discussion
Observers remarked that it became easier to see the

letters during the course of the first five simulated
priming trials. No improvement was noticed during
the simulated threshold trials. During the experi
ment, letters were reported correctly on 37.5070 of the
simulated threshold trials, and on 78.7SOlo of the
simulated priming trials. The difference of 41Olo is
statistically significant [t(3) = 9.13, p < .01].

Superior target report during the simulated
priming trials supports our hypothesis that the prim
ing stimuli used by M.P.S.C. were easier to see dur
ing the priming sessions than they were during
threshold assessment. Although M.P.S.C's subjects
did not report priming stimuli under the zero-threshold
condition, our results suggest that they might well
have been aware of them during M.P.S.C.'s priming
trials. We attribute the improvement in our subjects'
performance to light adaptation produced by the
simulated target flash.

Our finding is consistent with research indicating
that backward masking is reduced by light adapta
tion (Boynton & Kandel, 1957; Purcell & Stewart
1974; Scharf & Fuld, 1972).2 We infer that the light of
the target flash adapted M.P.S.C. 's subjects, just as
it did in our experiment, and produced a similar im
provement in their subjects' ability to see the priming
stimuli. Their subjects' failure to report the priming
stimuli may represent some form of output interfer
ence induced by reporting of the target stimuli, al
though the nature of the interference is not certain.
At any rate, M.P.S.C. propose output interference to
account for the lower than expected prime report that
they observed with all prime durations greater
than the zero-threshold duration. With M.P.S.C.'s
procedure, output interference would be artificially
enhanced, since their subjects were instructed to re
port the priming stimuli only if they chose to.

EXPERIMENT 2

Experiment 1 simulated the features of M.P.S.C.
that would be expected to affect the subject's light
adaptation. A second experiment was designed to see
if the differences found between threshold trials and
simulated priming trials would appear using a pro
cedure still more closely approximating that of the
original study. Accordingly, naive subjects were
used, the priming stimuli were line drawings of com
mon objects rather than letters of the alphabet, stim
ulus thresholds were estimated by using a descending
method of limits and M.P.S.C.'s actual procedure,
and the threshold and priming trials were held on dif
ferent days. The goal of Experiment 2 was the same
as that of Experiment I-to determine if subjects
could report the priming stimuli more accurately dur
ing the priming trials than during threshold assess-
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ment trials. The only significant difference between
the experiment conducted by M.P.S.C. and Experi
ment 2 is that the stimulus corresponding to the tar
get flash was a homogeneously illuminated field.

Given accurate threshold estimates for the priming
stimuli, M.P.S.C. would expect that subjects could
not identify zero-threshold priming stimuli during
priming sessions. Our hypothesis, based on the re
sults of Experiment 1, was that the priming stimuli
could be reported during simulated priming trials,
even when set at zero-threshold.

Method
Subjects. Nine naive subjects were recruited from an intro

ductory psychology class.
Stimuli. Stimulus materials consisted of five black-on-white line

drawings taken from the Peabody Picture Vocabulary Test. These
stimuli ranged in horizontal extent from 1.68 to 2.93 deg, and were
centered on the subjects' point of fixation. The mask was the same
as in Experiment I. Timing and luminance levels were the same as
in Experiment I, except that the mock target flash was shortened
to 800 msec, a value close to the average value obtained by
M.P.S.C.

Apparatus and Procedure. The general procedure was the same
as that described by M.P.S.C., except for the following departure:
During the threshold assessment trials, our subjects were told that
we were trying to establish a duration at which they could no
longer see the picture being flashed before them. They were in
structed to name the picture out loud and to guess if they saw only
a portion of the picture. They were told that if they saw nothing,
they were not to name the picture. These instructions conform to
the actual procedure used by M.P.S.C. (Sperber, Note I).

Once the subjects were dark adapted, the stimulus duration was
decreased in lO-msec steps, starting at a duration of 150 msec.
Threshold assessment ended when the subject incorrectly iden
tified the stimulus on three separate presentations at a given dura
tion. Our criterion for threshold differed from the six separate
errors required by M.P.S.C., because we used 5 priming stimuli
rather than 10. (Both M.P.S.C. 's and our procedure gave similar
expectations of the subjects' making correct responses by chance
alone. The point is moot, however, in that neither M.P.S.C. nor
we used a forced-choice procedure in determining the prime's
threshold.) Just as did M.P.S.C., we obtained the zero-threshold
duration by subtracting 5 msec from the criterion threshold.
Threshold assessment took about ~ h, and the average criterion
threshold duration was 90.11 msec.

The priming session was held the next day. Two prime durations
were used: The zero threshold and a duration equal to the zero
threshold plus 20 msec. This second condition simulated
M.P.S.C.'s Y3 full-threshold condition. This condition was in
cluded, in part, because M.P.S.C's Y3 and Y3 full-threshold pre
sentations might have served to refresh the subjects' memories of
pictures included in the set of priming stimuli and thus to increase
the chances of the subjects' recognizing zero-threshold primes.

The priming session differed in two important ways from the
threshold sessions. First, just as in Experiment I, a homogeneous
flash of light, simulating the target flash of M.P.S.C., followed
the onset of the mask by 450 msec. Second, we imposed a different
criterion for the subjects' responses. We required that subjects
make a forced-choice response on each trial, even if it meant that
they had to guess. This differed from the lax criterion imposed by
M.P.S.C., but would provide a more sensitive and reliable in
dicator of the prime information available to a subject on a prim
ing trial.

The subjects were given 15 trials per priming stimulus for each
of two threshold durations. Each subject received 1SO trials, run in
blocks of 10 trials, with each priming stimulus and each threshold
duration sampled once per block in a random order. At the begin-

ning of each session, the subjects were given one practice trial with
each prime set at a duration of ISO msec. Just as in M.P.S.C., the
subjects were not given a period of explicit dark adaptation and
testing began immediately after the practice trials. The intertrial
interval was between 10 and IS sec.3

Using our procedure, it is clear that the subject's level of light
adaptation would be greater during the simulated priming trials
than it was during the threshold trials. This is not an oversight;
rather, it is the critical feature which ties our procedure to that
used by M.P.S.C. M.P.S.C. failed to control for light adaptation,
and it is our hypothesis that the increased light adaptation effected
by the priming trials allowed their subjects to see the zero
threshold priming stimuli-stimuli which they could not identify
under conditions of threshold assessment.

Results and Discussion
The findings of Experiment 1 were confirmed.

Subjects correctly reported the primes on 69.580/0 of
the zero-threshold priming trials. By chance alone,
they would have been expected to name the stimuli
correctly on 20% of the trials. The improvement of
490/0 is statistically significant by a single-means t test
(Hays, 1973) [t(8)=7.85, p< .(01). Average scores
for individual subjects ranged from 94.4% to 28.0%
correct, as can be seen in Table 1. In the ;.oJ full
threshold priming trials (the zero threshold plus
20 msec), the subjects averaged 87.13% correct re
port. This is 20.46% greater than the expected
66.67% correct. This improvement is also statisti
cally significant by means of a t test [t(8) = 4.63, p <
.02). Average scores ranged from 100% to 48% cor
rect.

We'did not determine the actual 'r3 full-threshold
duration of each subject, but estimated it from the
available data. Accordingly, we place less impor
tance on the data of the simulated ;.oJ full-threshold
condition. In Experiment 2, we compared our sub
jects' performance to that expected by M.P.S.C.
Alternatively, a comparison can be made between the
performance of our subjects under the zero-threshold
condition and the performance of M.P.S.C. 's sub
jects at a comparable stimulus duration. Our subjects'
average zero-threshold duration was 90.11 msec,
which falls between the zero threshold and Y3 full
threshold durations of M.P.S.C. Our subjects' per
formance on priming trials, under the zero-threshold
condition (69.58%), surpassed that expected under
the Y3 full-threshold condition of M.P.S.C. The dif
ference was statistically significant [t(8) = 5.59, p <
.(01).

The conditions of Experiment 2 more closely ap
proximated those reported by M.P.S.C. than did Ex
periment 1. Experi~nt 2 is confounded in that both
the strictness of the requirement to report the prime
and the adaptation level varied between the threshold
and prime trials. M.P.S.C. 's study also confounded
these variables, but with the requirement to report
the prime relaxed on priming trials. The use of a
strict criterion in Experiment 2 enabled us to demon
strate'that M.P.S.C.'s subjects had more informa-
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Table I
Percent Correct Report of the Zero-Threshold, and the Zero-Threshold Plus 20 Msec, Mock Primes

Prime
Subject

Duration 2 3 4· 5 6 7 8 9

Zero 90.00 89.00 94.00 85.40 53.20 30.80 61.33 93.33 28.80
Zero + 20 97.50 100.00 98.67 85.33 89.33 65.33 97.33 98.67 48.00

-----

tion regarding primes during priming trials than
M.P .S.C.'s experiment indicated. Although the high
levels of prime report in the priming session of Ex
periment 2 might be due solely to the criterion shift
between threshold and priming trials, it is more likely
that it is due to the change in adaptation level. This
contention is supported by the adaptation effects
shown in Experiment 1, in which criterion was held
constant between the simulated threshold and prim
ing trials. The results of Experiments 1 and 2 indicate
that a plausible explanation for M.P.S.C's purported
demonstration of semantic priming without aware
ness is that their subjects extracted significant visual
information in the zero-threshold priming condition.
However, this fact was obscured by a combination of
output interference and lax requirement for prime re
port.

EXPERIMENT 3

In order to control for the sensory effects induced
by the target flash, we reran M.P.S.C.'s experiment
with all stimuli superimposed on a continuously il
luminated background. The transient illumination
afforded by the target stimulus is negligible relative
to a strong adapting background and, therefore, con
tributes little to a subject's light adaptation. As a re
sult, the threshold assessment trials and the priming
trials could be considered to take place under equiv
alent levels of light adaptation. If we could still ob
tain semantic priming with zero-threshold primes
when adaptation was constant across all condi
tions, then the conclusion of M.P .S.C. would be
supported. If, however, our zero-threshold stimuli
failed to produce semantic priming, it is likely that
M.P.S.C.'s original experiment confounded type of
trial (threshold vs. priming) with adaptation level.

Method
Based on the results of Fischler and Goodman (1978), we intro

duced a procedural change designed to increase the likelihood of
detecting semantic priming. One group of subjects was not re
quired to name the priming stimuli during the priming trials. We
called this group the No-Prime/Name group. A second group was
asked to name both the priming stimuli and the target stimuli, just
as M.P.S.C's subjects had been. Aside from the fact that they were
light adapted during both the threshold assessment and the seman
tic priming trials, this Prime/Name group was tested under the
same conditions as were M.P.S.C.'s subjects.

Subjects. Nineteen new subjects were recruited from an intro
ductory psychology class. Eight served in the No-Prime/Name
group and II served in the Prime/Name group.

Stimuli. Stimuli were similar to those of Experiment 2, with the
following exceptions: Ten pictures were used as primes, and each
picture was paired with a second stimulus. The second stimulus
was used as the target in the priming trials. Each prime was paired
with a semantically related as well as semantically unrelated target
producing 20 combinations of primes and targets.

The target was exposed for 2 sec. Both the priming stimuli and
the target stimuli were superimposed on a 4S-cd/m' adaptation
field. The field was illuminated throughout both the threshold as
sessment and the priming trials. The adaptation field also con
tained a small black fixation point which was positioned to fall in
the center of the stimulus field. To maintain a constant level of
light adaptation, the experiment was run in an illuminated room
whose walls reflected approximately 48 cd/m·.

Apparatus and Procedure. We used the same apparatus as in
Experiments I and 2. In addition, the tachistoscope was interfaced
with a voice-operated relay and a timer accurate to within I msec.
The voice-operated relay allowed accurate measurement of the in
terval between the onset of the target stimulus and a subject's
spoken response.

In addition to semantic relatedness, we investigated two ex
posure durations for the priming stimulus. Primes were exposed
for a zero-threshold duration, predetermined for each subject in a
separate set of assessment trials, and for a 2S0-msec duration. The
zero-threshold condition was the test condition for establishing the
occurrence of semantic priming without awareness. The 2SD-msec
duration was essentially a control condition like the suprathresh
old condition of M.P.S.C. and was designed to provide subjects
with a prime presented at a duration that would allow easy identi
fication. It was included to determine whether our procedures
would produce semantic priming in the event that no priming ef
fect was observed with the zero-threshold priming stimuli.

During the threshold session, the initial stimulus exposure was
100 msec. The duration was decreased by 10 msec each time the
subject correctly named the stimulus. Trials continued at any
given duration until the subject had made six consecutive errors.
The zero-threshold durations were determined in a single hour
long session.

The instructions read to the subjects in the Prime/Name group
resulted in a somewhat lax criterion for reporting the primes on the
threshold assessment trials. The subjects were instructed to name
the primes if they could, or to indicate that they could not see them
well enough to make a good guess. This procedural change was an
error on the part of an experimenter who read the subjects the in
structions for the priming trials instead of the instructions for the
threshold trials. While this error prevented us from replicating the
reported procedure of M.P.S.C. it proved to be a close approxi
mation to their actual procedure. The zero-threshold duration for
the Prime/Name group averaged 2S.89 msec.

The eight subjects in the No-Prime/Name group were; given a
forced-choice task during threshold assessment. They were in
structed to name the picture stimulus even if they felt that they
had not seen the stimulus. They were not allowed to simply say
that they had not seen anything. We employed this forced-choice
procedure in conjunction with the strict criterion of six consecutive
errors because we thought, at the time, that it was consistent with
M.P.S.C.'s reported procedure. In accordance with Merikle's
(1982) analysis of M.P.S.C., this procedure led to zero-threshold
values of zero duration for some stimuli. Since we did not want to
turn the experiment into an investigation of extrasensory percep
tion, we assigned a S-msec duration to any priming stimulus that



70 PURCELL, STEWART, AND STANOVICH

reached zero duration. About one-quarter of the priming stimuli
were affected by application of this rule. We decided not to include
these stimuli in the data analysis when we learned that M.P.S.C.
had not used a forced-choice procedure in their assessment trials.
It is likely that S-msec priming stimuli are too brief to have medi
ated semantic priming, even under the most favorable conditions
(see M.P.S.C. Experiment 2). Including such brief stimuli would
only bias the data in favor of our hypothesis.

Priming stimuli were presented at their zero-threshold duration
or at a duration of 2SO msec. In addition, a homogeneously il
luminated field of SO msec duration was substituted for a priming
stimulus on some trials (the no-prime condition). Each subject was
given a total of 60 trials in a single I-h session. These trials were
divided into 10 blocks of six trials each. Each block contained a
related priming stimulus and an unrelated priming stimulus, each at
two different durations, as well as two no-prime trials. The order of
stimulus presentation was random, with the constraints that no
stimulus be presented twice in a row and that each condition occur
within each block. Twelve practice trials were given at the begin
ning of each session.

Results and Discussion
Target pictures were named accurately, with errors

made on fewer than 1070 of the trials, just as in
M.P.S.C. The Prime/Name group correctly reported
the priming stimuli on only 0.45070 of the zero
threshold priming trials, but correctly reported them
on 96.82070 of the trials when the stimulus duration
was 250 msec. The factors of relatedness (target stim
uli were either related or unrelated to the priming
stimuli) and the duration of the priming stimuli
(zero-threshold duration or 250 msec) were within
subjects. The requirement to report the prime
(Prime/Name vs. No-Prime/Name) was a between
subjects factor. The results for these conditions "are
presented in Table 2.

The effect of prime report was statistically signifi
cant [F(I, 17) = 14.81, p < .(02). The latency for nam
ing the target was, on the average, 191 msec shorter
for subjects in the No-PrimelName group (604 rnsec)
than in the Prime/Name group (795 msec). This re
sult is consistent with Fischler and Goodman (1978)
and supports their argument that having to recall the
priming stimulus requires additional processing of
information by the subject:' The following inter
actions and effects were not statistically significant:
group membership x the duration of the priming stim
ulus [F(1,17)=2.02), group membership x related
ness [F(1, 17) = .22), groups X prime duration x re
latedness [F(1,17)=.11), prime duration [F(I,17)=
3.62), and semantic relatedness [F(1,17) = .45).

The duration x semantic relatedness interaction
was statistically significant [F(1,I7} = 13.06, p< .(05).
Planned comparisons, based on the mean scores, col
lapsed across groups, demonstrated that semantic
relatedness was an effective variable only with a 250
msec-duration priming stimulus [F(1,17) =9.98, p <
.01].

The failure to find an overall effect of semantic re
latedness is inconsistent with the findings of M.P.S.C.
While the zero-threshold-duration primes gave no in
dication that semantic priming had occurred, the

Table 2
Mean Response Times (in Milliseconds) for Pictures Preceded

by Related and Unrelated Primes

Duration

Zero-
Prime 250 Threshold

Unrelated
No Prime Name 633 589
Prime Name 850 744
Mean 742 667

Related
No Prime Name 581 613
Prime Name 815 773
Mean 698 693
Mean Priming Effect 44* -26

Note-For No Prime trials the RT for No Prime Name groups
was 600 msec and for Prime Name groups, 777 msec. Value sig
nificant at p < .01 by planned comparison indicated by asterisk.

stimuli presented at a duration of 250 msec did yield
semantic priming with our subjects. Our failure to
obtain semantic priming with zero-threshold
duration primes indicates that a properly assessed
and stable zero-threshold duration is too brief to pro
duce semantic priming. In other words, what is too
brief to be recognized by an observer is too brief to
produce semantic priming.

Experiment 3 indicates that M.P.S.C. may well
have determined conservative threshold estimates for
their priming stimuli on threshold trials, thus protect
ing themselves from the methodological objections
raised by Merikle (1982). But M.P.S.C.'s failure to
equalize their subjects' light adaptation across all ex
perimental conditions is a serious methodological
flaw. Even when properly assessed, a recognition
threshold set during dark-adapted threshold trials is
too liberal to prevent a subject from extracting some
visual information from the prime stimulus on light
adapted priming trials. A clear, although perhaps ex
treme, example of the power of light adaptation with
this masking paradigm is shown by comparing the
light-adapted Experiment 3 threshold values with the
dark-adapted threshold values of Experiment 2. In
light-adapted Experiment 3, the No-Prime/Name
group gave an average prime threshold of 24.21 msec
and the Prime/Name group gave a threshold of
25.89 msec. In contrast to this, the dark-adapted con
ditions of Experiment 2 gave an average threshold
value of 90.11 msec.

GENERAL DISCUSSION

McCauley et al. (1980) concluded that "semantic
priming effects can be obtained with pictures at .
prime exposure durations too brief for conscious
identification of the prime to occur" (p. 265). This
conclusion may have been premature. It is possible
that light adaptation may have contributed to the en-



hanced performance which McCauley et al. (1980)
observed in their priming sessions. Experiment 3
deviated from the experiment of McCauley et aI.
(1980) in just one respect-all stimuli were presented
against an illuminated background field. The tachis
toscope used by McCauley et aI. (1980) lacked the
additional stimulus field that our experiment re
quired. But, both Experiment 1 and Experiment 2 in
dicate that light adaptation across all experimental
conditions is critical if sensory effects are to be con
trolled. Controlling for light adaptation, we pro
duced semantic priming, but only with priming stim
uli above the subjects' recognition thresholds. It is
clear, therefore, that if McCauley et aI. 's (1980) ta
chistoscope had afforded them a lighted fixation
field and if they had equated the sensory state of their
subjects across all experimental conditions, they
probably would not have produced semantic priming
with their zero-threshold-duration stimuli.

A review of the literature on semantic priming
without awareness is outside the scope of this paper,
but an additional comment is in order. Merikle's
(1982) criticism of McCauley et al. (1980) is irrele
vant, because it is directed at their reported proce
dure rather than their actual procedure. However,
our findings vitiate McCauley et aI.'s (1980) claim to
have produced semantic priming in the absence of
commensurate visual information. Finally, it should
be noted that Fowler et al. (1981) failed to replicate
their own evidence for semantic priming without
awareness. In their Experiment 6, Fowler et aI.
(1981) found no indication of semantic priming when
the stimulus onset asynchrony between the priming
stimulus and the target was 200 msec. In a second
condition, one in which the stimulus onset asyn
chrony was 2 sec, reaction time to a word was de
creased by 33 msec under conditions of semantic
priming. However, an error rate difference of SOlo in
the opposite direction indicates a possible speed
accuracy tradeoff. Recently, Nolan and Caramazza
(1982) reported that they were unable to replicate
Marcel and Patterson (1978). These results, the
methodological issues raised by Merikle (1982), and
our data, in combination, demonstrate that the evi
dence for semantic priming from subthreshold stim
uli is equivocal.

REFERENCE NOTE

1. R. D. Sperber, personal communciation, 1981.
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NOTES

1. Just how conservative this procedure was could only have
been determined if McCauley et al. (1980) had established the
slope of the psychometric function relating stimulus report to
stimulus duration.

2. The results of Experiment 1 also suggest that the findings of
Montellese, Sharpe, and Brown (1979), regarding the time course
of dark adaptation and its effects on the critical duration, will
generalize to visual backward masking.

3. Subjects were given a 3-min rest period halfway through the
session. After the rest interval, the subjects were given five warm
up trials in which they viewed a train of homogeneous flashes
whose timing and luminance were identical with those of a priming
trial. This was done to stabilize the subjects' adaptation level.

4. Reaction time (RT) was faster when subjects were not asked to
name the prime and slower when they were asked to name the
prime. But increases in RT were found with both the zero-threshold
condition and in the no-prime conditions, when no priming stimuli
were seen. Therefore, increases in RT might be related to a sub
ject's expectation that he or she will be asked to name the prime,
rather than to output interference or some other memoty-related
phenomenon.
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