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Apbstract

Conscious perception is substantially overestimated when
standard measurement techniques are used. That overestimation
has contributed to the controversial nature of studies of un-
conscious perception. I employed a process—-dissociation pro-
cedure (Jacoby, 1991) for separately estimating the contribu-
tion of conscious and unconscious perception to performance of
a stem—-completion task. Unambiguous evidence for unconscious
perception was obtained in seven experiments. Debner and
Jacoby (1994, Experiment 1) showed that decreasing the dura-
tion of a briefly presented word diminished the contribution
of both conscious and unconscious perception. In Experiments
2, 3 and 4, Debner and Jacoby found that dividing attention
reduced the contribution of conscious perception while leaving
that of unconscious perception unchanged. Debner (submitted)
used the same stem-completion task to show that estimates of
unconscious perception could also be affected. In one set of
experiments (Experiments la and 1b), increasing the inter-
stimulus interval between the briefly presented word and the
test of stem completion decreased the contribution of uncon-
scious perception to performance but left that of conscious
perception intact. ' Experiment 2 revealed that a manipulation
of visual similarity produced a similar process dissociation.

Discussion focuses on the measurement of awareness, the rela-
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tionship between perception and memory, and the possible
episodic nature of conscious and unconscious perceptual pro-

cesses.
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INTRODUCTION

Unconscious Perception: The Beginnings

Early in the history of psychology it was noted that sub-
jects often performed better than chance on tasks where they
claimed to be guessing (Peirce & Jastrow, 1884). For example,
Sidis (1898/1973) reported an expefiment in which he asked
subjects to identify numerals printed on cards he held a vari-

able distance away. At distances where subjects reported they

could no longer see what was printed on the cards, Sidis asked
them to guess. To his surprise, subjects were correct much
more often than would be predicted by chance, even though they
maintained they were purely guessing. Adams (1957), in a
review of the literature, stated that these findings were so
robust that they could "easily be obtained even as a class ex-
ercise."

Considerable interest was generated for this new
phenomenon called perception without awareness; subjects were
unaware oY perceiving a stimulus, yet their performance indi-
cated that the stimulus must have been processed. As critics
of perception without awareness pointed out, however, there
were several problems with using a subjective definition of
awareness (Eriksen, 1960; Merikle, 1984). The most obvious
argument against such a definition was its lack of experimen
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tal rigor. This procedure put the burden of defining aware-
ness in the hands of the subjects. Each subject would likely
have their own idea of what "awareness" meant arid there would
certainly ke criterion difrferences ketween subjects. As
Merikle (1984) suggested, telling subjects they will receive
$100 for every stimulus they correctly detect will lead to a
different threshold of awareness than will telling them they
will lose $100 every time they falsely report a stimulus.
Thus, although these experiments provided interesting
demonstrations, the results were not regarded by many re-
searchers as conclusive evidence for perception without aware-
ness.

Subsequently, a more rigorous definition of conscious
perception was proposed, one that was totally objective (Erik-
sen, 1960). This definition assumed awareness of a stimulus
any time a discriminative response could be made, whether it
was a guess or not. With this new definition of awareness,
demonstrations of unconscious perception became extinct. The
phenomenon was essentially defined out of existence. A debate
ensued over what the proper definition of conscious perception
should be (Adams, 1957; Dixon, 1971, 1981; Eriksen, 1960; Hen-
ley, 1984; Merikle, 1982, 1984). It was an interesting con-
flict: the robust, counter~-intuitive effect of above-chance
performance when subjects claimed they were guessing vs. the
rigor of the objective definition required by experimental

psychology.



One alternative that gained some notoriety was to in-
corporate both definitions into one’s theory of perception.
Cheesman and Merikle (1986; Merikle & Cheesman, 1987) dis-
cussed two separate perceptual thresholds: an objective
threshold whereby no stimulus processing was accomplished and
discriminative responses could not be made, and, a subjective
threshold where the subjects claimed that they could no longer
make discriminative responses. Of course this was not really
a solution to the problem but rather a more detailed way of
accounting for the fact that different results were obtained
depending on the measure of awareness. When awareness was
equated with objective threshold, no evidence of stimulus pro-
cessing could be found, However, when subjective threshold
was used to define awareness, dissociations occurred between
actual performance and subjective estimates of performance.

The problem of defining conscious percertion was made
more acute by the methodology chosen to examine unconrnscious
perception. By far the most commonly used method was thé
task-dissociation paradigm (Reingold & Merikle, 1990). The
logic of this paradigm was as follows. Two tasks were chosen:
Task 1, a measure of conscious perception (which obviously
depended on your definition of conscious perception), and Task
2, a measure of unconscious perception (and possibly conscious
perception as well). The idea was to establish a set of ex-
perimental conditions whereby conscious perception, measured

by Task 1, was fully eliminated. Then, under those same ex-



4
perimental conditions, any effects found on Task 2 must be due
to unconscious perception; conscious perception had been
eliminated.

Marcel (1983, Experiment 5) conducted one of the most
cited examples of the task-dissociation paradigm. Marcel
flashed either a word or a blank for a very brief duration and
asked subjects to make presence/absence judgments; these judg-
ments represented Task 1. After establishing conditions under
which subjects were no longer able to detect when a word was
flashed, he used those same conditions in Task 2, a lexical
decision task. Marcel showed that lexical decisions were fa-
cilitated when related words were flashed immediately prior to
making the decision compared to when an unrelated word was
flashed. This pattern was found even though the subjects
could not tell when a word or a blank was flashed. The effect
on lexical decision was attributed to unconscious perception
of the flashed words.

Implicit in the use of the task-dissociation'paradigm was
the assumption that conscious and unconscious perception were
separate processes. Therefore, if unconscious perception ex-
isted, it should be possible to selectively remove conscious
perception and observe effects of unconscious perception in
isolation. 1In theory the logic was sound, but in practice it
was impossible to accomplish. Reingold and Merikle (1990)
outlined the assumptions that had to be met in order for this

paradigm to produce a satisfactory demonstration of uncon-



scious perception. The critical assumption was that the
measure of consciocus perception had to be exhaustive; it had
to measure all conscious perception that occurred. An exhaus-
tive measure was necessary so that conscious perception could
be fully eliminated. If conscious perception was not fully
eliminated, then skeptics could (and did) argue that any ef-
fects found on the second task (the one supposedly revealing
unconscious perception) were merely due to residual conscious
perception. This criticism was in fact laid against every
study of unconscious perception using the task-dissociation
paradigm (Holender, 1986).

Use of the task-dissociation paradigm to study uncon-
scious perception caused considerable controversy. There were
arguments over which two tasks should be chosen, which defini-
tion of conscious perception should be used, whether or not
conscious perception was truly eliminated (after all, one is
in the position of proving the null hypothesis) and whether
such a paradigm could demonstrate the existence 6f unconscious
perception even if such a phenomenon did exist.

The main problem with the task-dissociation paradigm was
not the logic but rather the choice of tasks. More often than
not the task that was chosen to reveal unconscious perception
(Task 2) was affected by conscious perception in the same man-
ner. Using Marcel’s lexical-decision task for example, if the
words presented prior to lexical decision were flashed for a

supraliminal duration, lexical decisions were facilitated



(Meyer, Schvaneveldt & Ruddy, 1975; Neely, 1977). 1In this
case the facilitation is easily explained as due to processes
triggered by conscious perception of the flashed words. In
the condition where words are presented subliminally, why
claim that the facilitation is due to unconscious perceptual
processes when a perfectly good explanation (conscious percep-
tion) already exists? From the critics point of view, in any
instance where conscious perception would cause exactly the
same pattern of results as unconscious perception there is no
justification for postulating an unconscious process to ac-
count for the results. What was needed was some way of dis-
tinguishing conscious from unconscious processing.

Qualitative Differences

More recently, the study of unconscious perception has
involved the investigation of hypothetical differences between
conscious and unconscious processes. According to the logic
of this new approach, effects of unconscious perception could
be distinguished from those of conscious perceptiﬁn because
the two produce qualitatively different patterns of results.
In fact, as Reingold and Merikle (1990) commented, if uncon-
scious perception existed but the difference was merely one of
degree, then the phenomenon would not even be worth studying.

Merikle and Cheesman (1987) provided an excellent illus-
tration of the qualitative differences approach using a varia-
tion on the Stroop (1935) task. In this version of the Stroop

task, subjects named the color of a colored bar which was



preceded by a color word (e.g., a red color bar preceded by
the word "green"). Normally, color-naming response times for
congruent (i.e., the word name and the color bar are the same)
trials are faster than for incongruent trials (when name and
color are different). This is the standard Stroop effect. As
Logan, Zbrodoff and Williamson (1984) demonstrated, however,
when a large proportion of the trials in the experiment were
incongruent, a qualitatively different pattern emerged: in-
congruent trials showed faster response times than congruent
trials. This latter pattern of results was believed to result
from a conscious strategy. Because only two colors were used,
it was easy to predict the dolor of the upcoming color bar.
Therefore, if the word "green" preceded a red color bar on
most of the trials, this information could be used to facili-
tate performance on those trials compared to the relatively
infrequent congruent trials.

Merikle and Cheesman (1987) hypothesized that unconscious
perception of the color words would not support fhe use of
such a strategy. They predicted that for subliminally pre-
sented color words the standard Stroop effect should be ob-
served even when the vast majority of trials were incongruent.
The comparison of interest in their experiment was between tws
conditions in.which most of the trials were incongruent. 1In
one condition, the color words were flashed at a duration pre-
viously determined to be at subjective threshold: the point

where subjects claimed they could not see the stimuli. In the



other condition, the words were flashed for a much longer
duration, above subjective threshold, to ensure conscious per-
ception. Although the two conditions used exactly the same
materials, the results showed a qualitatively different pat-
tern of results. For the long duration condition, response
times were faster for incongruent trials thus replicating the
findings of Logan et al. (1984). However, when the words were
flashed at subjective threshold, response times were faster
for the congruent trials. Merikle and Cheesman argued that
conscious perception of the flashed color words, which genera-
ted faster responses on incongruent trials, could not possibly
have produced the opposite pattern of results found in the
subjective threshold condition.

Several investigations of unconscious perception utilized
the qualitative differences approach (Cheesman & Merikle,
1986; Jacoby & Whitehouse, 1989; Joordens & Merikle, 1992;
Marcel, 1980). Unlike the task-dissociation paradigm, which
was heavily criticized, the qualitative differences approach
sparked a renewed interest in the field of unconscious percep-
tion.

The Process-Dissociation Procedure

The experiments reported in this thesis incorporated a
new methodology, the process-dissociation procedure, for
studying unconsciocus perception. There were two primary rea-
sons for switching to a new methodology. It was apparent from

the decades of controversy that the task-dissociation paradigm
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was not going to produce a convincing demonstration of uncon-
scious perception. Although the qualitative differences ap-
proach did provide evidence for the existence of unconscious

perception, it did not allow the measurement of either con-

scious or unconscious influences. Further, most of the past
attempts to study unconscious perception had been conducted
under conditions meant to eliminate conscious perception (as
was required by the task-dissociation paradigm). Rather than
studying unconscious perception in isolation, it seemed more
useful to study unconscious perception in the presence of con-
scious perception. This situation is probably more represen-—
tative of the real world.

I had several goals for this thesis. The first goal was
to provide a solid demonstration of unconscious perception.
Although the field of unconscious perception is quite old
(Kihlstrom, Barnhardt & Tataryn, 1992), there is still a
paucity of evidence for the phenomenon. Second, I wanted to
go beyond demonstrations of unconscious perceptioﬁ and actual-
ly quantify the contribution of conscious and unconscious per-
ception to performance within a single task. Such a
quantification allowed an investigation of the processes of
conscious and unconscious perception that could not have been
done using existing methods. Finally, the process-
dissociation procedure offered a solution to the ongoing

debate over the definition of conscious perception.
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In the following paragraphs I briefly discuss the
process-dissociation procedure. A more thorough discussion is
undertaken in the manuscripts that follow.

The basic premise of the process-dissociation procedure
is that conscious and unconscious perception represent two
qualitatively different processes. The procedure involves
separately estimating the contribution of the two processes to
performance. In this way, the process of unconscious percep-
tion can be studied in the presence of conscious perception
thus avoiding the rather thorny problem of having to eliminate
conscious perception. Moreover, since conscious perception
does not have to be eliminated, the procedure permits one to
examine variables affecting conscious perception.

Several assumptions are made with respect to the applica-
tion of the process—dissociation procedure. One key assump-
tion is that only conscious processes support controlled or
intentional responding. Indeed, it is my contention that con-
scious perception can be understood in terms of céntrolled
responding: specifically, the difference in performance when
one is trying to as opposed to trying not to engage in some
behavior (Jaccby, 1991). This assumption is relatively un-
contested and, in fact, similar assumptions have been adopted
by others (Joordens & Merikle, 1993). One benefit of using
control as the basis fbr inferring awareness is that it closes
the gap between the layperson’s and the experimentalist’s

definition of awareness. Both would agree that control is the
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important issue when dealing with the concept of awareness
(Jacoby, Toth, Lindsay & Debner, 1992; Merikle & Cheesman,
1987; Posner & Snyder, 1975).

A second, more controversial assumption is that conscious
and unconscious perceptual processes make independent contri-
butions to performance (Joordens & Merikle, 1993; Jacocby,
Yonelinas & Jennings, in press; Jacoby, Toth, Yonelinas & Deb-
ner, in press). In order to quantify the contribution of con-
scious and unconscious processes to performance, some relation
between the two processes has to be assumed. Mathematically
speaking, the independence assumption is the easiest one to
make and thus provides a good starting point. Based on intui-
tive grounds, others favor a redundancy relation in which con-
scious processes only occur in the presence of unconscious
processes (Joordens & Merikle, 1993). A major theme of this
thesis is the presentation of data in support of the indepen-
dence assumption.

If the processes of conscious and unconscioué perception
are in fact independent, then it should be possible to find
variables that affect the estimates of one process but leave
the estimates of the other process unchanged. This is the es-
sence of independence. The experiments included in this
thesis reveal six such "process dissociations™.

To anticipate, Experiments 2-4 of the first manuscript
(Debner & Jacoby, 1994) show that dividing attention affects

estimates of conscious perception without influencing
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estimates of unconscious perception. The sheer consistency of
these results alone is evidence for the independence of the
two processes. The assumption receives even more support,
however, from the three experiments reported by Debner (sub-
mitted). In this manuscript, I describe two variables, inter-
stimulus interval (ISI) and visual similarity, which affect
estimates of unconscious perception while leaving estimates of
conscious perception intact.

Many of the experiments in this thesis were motivated by
previous research in the field of memory. 1In fact, the dis-
sociation of conscious and unconscious perception produced by
dividing attention has been replicated for consciously con-
trolled and automatic influences of memory (Jacoby, Toth &
Yonelinas, 1993). Furthermore, the effects of ISI and visual
similarity on estimates of unconscious perception are con-
sistent with previous research using indirect tests of memory
and perception {(Chalfonte, 1989; Jacoby & Hayman, 1987;
Roediger & Blaxton, 1987). Taken together, these.results pro-
vide compelling evidence for the existence of unconscious per-
ception as a qualitatively different process independent of

conscious perception.
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Unconscious Perception: Attention, Awareness, and Control

James A_ Debner and Larry L. Jacoby

Coascious pereeptian is substantially overestimated whea standard measucement techniques are
used. That overestimation bas coatributed to the eontroversial aature of studics of unconscious
perecption. A process-dissociation procedure (L. L. Jacoby, 1991) was used for scparately
ormating the contributioc of conscious and wacoasciows perception to performiace of a
stem-completion task Usambignous evidence for uncoascions perceplion was obtained in 4
experiments. In Experiment 1, decressing the duratioa of & briefly presented word diminished the
coatribation of both conscioes zad unconscious perception. In Experiments 2-4, dividing sttentioa
reduced the coatribution of coascious perception while lerving that of unconscious

unchanged. Discussion {ocmses on the mexsurement of xwareness and the relation between

perception and memary.

Unconscious perception is perhaps the oldest and most
controversial area within experimeatal psychology (for ro-
views, sc¢ Greeowald, 1992, and ing commentar-
iﬁ).ﬁhlﬁnm.ﬂamha:dt.and'rmnum:ug&cdthat
¥ experiment examining unconscious peresptiocn done by C.
S, Peirce and Joseph Jastrow in 1884 was the first psychological
experiment performed in America. Peirce and Jastrow’s exptis
ment, in which they themselves were the subjects, concemed
peoplc’s ability to discriminate minute differences in the
pressure placed on their fingertips. The sk amounted to
deciding which of two pressures was the heavier aod thea
rating confidence in that decision., Pefree and Jastrow’s results
demnastrated that discrimination was at an above-chanes level
cven when cooditions were such that they considered their
déeisions to be pure guesses.

The dissociation between effects in and sware-
ness reported by Peirce and Jastrow (1884) is directly analo-
goas to findings from many subsequeat studies of uncoascious
pawpﬁou.Byﬁ:.ﬂ:cmonpoPdumcthoddngyﬁotsmdymg

unconscious perception has beea the task-dissoclation para-

digm (Reingold & Merikle, 1990). Conditions are first estab-
lished such that conscious perception, &3 meanured by cos task
(e.g.subjednerepm).kdimmﬂed.,a\mdingaothcbﬁco!
the paradigm, under these conditions any effects obtained ona
second task must be attributable to uncooscious perception
Although such discrepancies between effects on behavior and
awareness are extremely robust aod have been replicated
repeatedly in different domains (¢.g., Adams, 1957; Checsman
& Mezikle, 1986; Marcel, 1383a; Sidis, 1898/1973), their
duﬂﬂaﬁmu“mmdm”mw!ymﬁmdby&ik

Pmmdthhuﬁdemmpp«udbyuomcm
Scholarship to Jamcs A. Debaer and by a Matmal Sclences and
WMM«MMmhLﬂvL

Jacoby.
We thank Phil Merikle, Tony Groenwald, Tom Eimenberg, and
Manwmhwmummmﬂumd

this article,

Correspondence coaceraing this article shoyld bo addressed to
James A, Debaer or Larry L. Jacoby, Department of Frychology,
McMaster University, Hamiltoz, Oatario, Canada LSS 4KL Elec-
tronic mail may be seat to psych@memaster.ca or jacoby@mensster s,

sea in 1%0 and more receatly by Holender (1985). Both exitics
concluded, on the basis of methodological concerns, that the
suppased demonstrations of unconscious perception were in
fact caused by consclous perception. Important for their
mndmkthcmcmodmedmmum:ecomdoupexwp-
tiont.

How thould conscious perception be measured? Although it
is genenally acknowledged that measures of unconselous per-
ception are sometimes “contaminated”™ by effects of aware
perception, much less attcation has beea given to the converse
case, That i, messures of conscious perception are sometimes
contantinated by effects of unconscicus pesception. In this
article, we provide evidencs of such contamination by showing
thzt “guessing™ is Informed by unconscious pereeption. For

" measures that are used standardly, informed guessing results

in the overestimation of conscious pereeption. One spedific
instance of this difficulty ks found in Holender’s (1986) recent
review of the literature on uncoascious perception. Holeader
(1986) stated that “conscious identification can be indicated by
aovert behavior, for example, by naming the stimulvs, diserimi-
tiating i =3 familiar, categorizing it, pointing to a matching
aobject, and 50 oo™ (p. 1). In fact, it Is arguable whether any of
those behaviors provides a pure measure of consclous percep-
tion

We report caperiments in which we used a procsss
dissociation procedure (Jscoby, 1991; Jacoby, Toth, &
Yonelinas, 1993) to better measure conscious perception and
ta separate the effects of uncooscious perception from thoses of
conseiout perception. Usa of that procedure atlowed us to go
beyond demeoastrating the existencs of uneorscious peresption
and oa to investigating factors that differentially influence the
magnitades of conscious and unconscious perception, In the
course of our discussion, we highlight the similarity of the
problems faced wheo studying unconscious perception and
unconscious influcnces of memory.

The Advantages of Opposition
Maost experiments purporting to demonstrate unconscious
perecption can be described a3 using “facilitation™ prradigmes,

Thatis, in those experiments, effects of unconscious processing
served to facilitate performance on a task. For example,
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UNCONSCIOUS PERCEFTION

Forster, Booker, Schacter, and Davis (1990) reported evidence
indicating that unconscious perception influences stem-
completion performance. In their experiment, words fashed
for a brief duration were “sandwiched™ between words pre-
sented foc a louger duration (i.c., one before and cac after the
brietly flashed word), followed by presentation of 2 word siem
that subjects were 1o complete. On some trials, the fashed
word could be used to complete the stem (cg, clasuc:
ela..--), whereas on other trials it could not {c.g., lattios;
cla ....), Results showed that fashing a word increased the
[kelihood of its being given as 2 completion, evea though
subjects professed to be unaware that the completion had beca
flached. Thus, the findings reported by Forster et al, (1990)
revealed = dissociation between effects on a direct measure

(ﬂbjeaiverepoﬂ)_andmludimctmm(complcﬁonquob .

mance) of perception. . ]

Of course, those results would not convinee the noabeliever
that unconscious perception truly exists. Critics (eg, Ho-
Ieader, 1586) would arguc that subjects actually taw some of
the fizshed words even though they did oot report doing so.
The controversy atises because the procedure used by Forster
et al coastitutes a fclitation paradigm; coasclous
perception of the masked word would produce the same
pattern of responding as would uncoascious perception. Be-
causa both <n contribute to ou such
tests, it Is impossible to determine whether the obtained effects
are attribatable to consclous processes, unconscious
o, a3 Is most likely the case, 2 combination of the two.

Thls dificulty s not Umited to the doaain,
Rather, Interpretational problems are encountered whenever
atuk (g, subjoctive report) is ideatificd with a gingle process
{cg, consclous perception). Such problems are most obvious
in the Eterature concemed with unconscious influences of
memoey (Jacoby, 1991; Richardson-Klavehn & Bjork, 1938).
Ascording to one currently popular method, conscious recollec-
tion s revealed by perfonrancs on direct tests af memory (e.g,
cued recall), whereas unconsclous influences of memary are
mestured by Indirect tests (e.g, stem completion). Rather
an equating process with task, Jacoby ct al (1993) used 2
procedure to separately estimate the two sources of memory
contriinting to performance of a single task, This techaique,
texmed the procery-dissoclation procediure, is descrited in detail
later with reference to Its use for separating conscious and
uncoadclous perception. First, we describe results obtained
from the application of the procedure in a memory paradigm.

In‘the Jacoby ct al. (1993) experiments, a Iist of words was
. Peesentad for study followed by a test of stem completion. In

ooe coodiion—the Inclusion test condi were
wmmplma_emwithmdsmmemdyphne
0c, i they could not do so, to give the first completion that
1m0 to mind, Thus, the inclusion test was akin to a direct test
_ ol cund recall. Both conscious recollection and attoantic

kaflneaces of memory would increase the Hkelihood of a study
kem belng given as a respoass on an Inclusion test. Heace,
Soxpering performance on an inclusion test to baseline, asis
Sommon practice, docs not provide an accurate estimate of
asclous recollection. That estimate is “contaminated” by
Attomatic influcnces of memory gained from reading the
words ia vhe

Tacoby et ok, (1993) incorporated « second condition—the

exclusion tzst condition—in which consciously controlled and
automatic influcnces were placed in opposition. This was
accomplished by instructing subjects to complete the stems
with words not seen carlier in the study phase, Given these
instructions, recollection of study. list items would decrease the
probability of their being given as response. In the absencs of
recollection, however, ady automatic influcnces gained from
previously reading the words would increase the likelihood of
their being given as d response. Thus, although an above-
baseline probability of responding with “old™ words on an
exclusion test would pravide solid evidence for the existencs of
automatic influences, it would not be an accurate estimate of
those inflococes. In this case, any coascious recoliection
occurting oa the task would contaminate the cstimate of
automatic nfluences,

The process-dissociation procedure used by Jacoby et al,
{1993) combines performance in an inclusion and an exélusion
condition to better estimate the coantribution of the two
influenees of memory to stem-completion performance. In
Experiment 1b, they used this procedure to investigate the
influence that dividing attention during the study phase had on
estimates of consciously controlled and automatic influences
of memory. Resuits revealed that study words read under full
attention were given mare often on the inclusion test than on
the exclizsion test, This differcace in performancs between the
inclusion and exclusion tests indicates that soma study items
were recollected, These recollected items were output on the
inclusion test and withheld on the exclission test, thus yielding
a difference between the two tests. By contrast, words studied
under divided attention (ie., while performing a concurrent
digit-moaitoring task) were given equally often on inclusion
and exciusion tests and at a rate that was significently higher
than basefine. This pattern shows that the divided-attention
manipulation eliminated recollection of the study words;
subjesty were not abie to respond with study wocds any more
often when told to (inclusion) as compared with when told not
to (exclusion). Importantly, automatic influences of memory
were oot affected by the divided-atteation manipulation,
Estimates of autoceatic influcnces foc words read under full
atteation were nearly ideatical to those for words read under
divided attcotion, although the two types of study items
differed greatly for estimates of recollection.

The aforementioned pattern of results was described by
Jacoly et al. (1993) as a “process dissociation™ (p. 144).
Estimatet gained from the processdissociation procedure
showed tint ons process was radically reduced by a manipula.
tion that left the other process unchanged. Jacoby and his
colleagues (e.g, Jennings & Jacoby, 1993; Toth, Reingold, &
Jacoby, 1994) have relied 0a process dissociations of that sart
10 argue that consclously controlled and automatic influences
of memory maks independent contributions to performance
on tasks such a5 stem completion, We propose a similar
relationship between conscious and unconscious pereeptual
processes,

The Relationship Between Perception and Memory

What delineates the area of perccption from that of memory?
Certainly, there is a fine line between the two. Both areas of
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study could be cffectively described as investigating the infli.
ences of a prior experience on present performance. Indesd,
the similaritics between perceptually generated and memori-
ally generated unconscious influcnces arc striking. In each
case, a subjective awareness of the initizl processing event is
abscat, although performance may clearly show effects of this
event. Although the interval of time between preseatation of
an item and its test is shorter in investigations of unconscious
perception than in iovestigations of memory, forgetting may
ocar during that interval. Similady, visual masking may bave
the cffect of producing 2 failure in retrieval or recovery of
memory for a briefly flashed word (cf. Marce], 1983b); At the
extreme, it is impassible to discriminate between unéonscious
influences of memory and unconscious perception, and, fortu-
nately, it does not seem terribly important to do so. Awareness
at the time an efiect operates is more important than any
earlier difference in awareness, If one is to avoid & soures of
influence, one must be aware of that influencs when it exerts
its effect. In that regard, both unconscious perception and
unconscious influences of memory have their effects by means
of processes that are not under current volitional control,

Regardless of their similarities, the fields of perception and
memory have bad distinet histories. In terms of methodalogy,
there appear to be three important elements that differentiate
studics of perception from those of memory. Typiclly, the
intervals between “study™ and *test” are much shorter when
. . sudying perception. In addition, many fewer stimuli (usually
culy cne) are preseated prioc to the test phaso of 2 perception
m;dy.&:ﬁnalmmmdiaotunmns&mpawpdm
usually involve some manipulation for reducing the fikelihood
of awareness at input (e, reducing duration). Thus, for
unconscious inflnences of perception, the lack of gwareness is
induced by the input manipulation. In studies of memoxy, 0n
the other hand, input is ensured and uncocsciout influences
are instead revealed by lengthy delays between stody and test,

Consistent with the previous discussion, we believe that
conscious and unconscious influences of perception operats in
a manner similar to consciously controlled and automatic
influences of memory. Nevertheless, given their scparats
histories, our chief goal was to demonstrate tncoascious
influcnces using a design associated with traditional studies of
uncozscicus perception (Le., a short study-test interval, few
study items, uncertain input). To sccomplish this goal, we
adopted the stem-completion task used by Forster et al,
(1990). Rather than atempting to reveal unconscious percep-
tion by preventing awareness of the flashed words, however,
wo chose to separately estimate the contribution of the two
processes to performance by using the process-dissoclation
procedure (Jacoby, 1991). -

The Process-Dissaciation Procedure: Separating
Effects of Conscigus and Unconscious Perception

Qur expetiments followed the Forster et ak (1990) design
whereby a word was flashed for a brief duration immediately
prior to the oaset of a stem that subjects were to complete. We
tssumed that conscious and unconscious perception of the
f2shed words would contribute independently to pecformance
on the stem-completion task. Moreover, like the process of

recollection described by Jacoby e al, (1993), we postulated
that conscious perception supports intentional cantrol of
responding. By coatrast, unconscious perception serves to
increase the likelihood that the flashed solution will be given as
1 response, irrespective of intention. To separately estimate
the eflecis of these two pereeptual processes, we used the
process-dissociatiom-procedure. Thus, instead of instructing
subjects to completé the stems with the first word that came to
mind, as Forster f al. did, we gave subjects inclusion and

. exclusion instructions.

In the iscusion condition, conscious perception acts in
concert with unconscious perception just as in fasliation
paradigms (e.g, Forster et al, 1990; Marcel, 1983a). A stem
could be completed with a flashed word cither because the
subject consciausly perceived the fashed word (C), or, because
cven though conscious perception failed (1 ~ C), the effscts of
unconscious perception (U) wese sufficient for the flashed
wdtobegivenn;compleﬁcn.mth.consdmmuou
and unconscius perception serve as independent bases for
responding. Stated formally, the probability of completing a
stem with a flashed word in the faclusion test condition is as
followss

indzuion-é+tj(1-q-c+u-uc W

Becauss couscious and unconscious perception act in cone
cert, 2 finding that the probability of completing & stem with an
old word Is above baseline does not provide evidencs for the
existence of unconscious perecption. It is the possibility of
conscious perception producing such an effect that is the basis
for criticisms of supposed demonstrations of unconscious
perceptioa (e.g, Eriksen, 1960; Holeader, 1986). By the same
token, a0 above-baseline probability of responding with an old
word for an inclusion test also does not provide unzmbiguous
cvidence for the existence of conscious perception. The abave-
baselins performance might have resulted from guessing that it
was informed by unconscious perception, .
to complets stems with the flashed word or, if they did not see
the fashed word, to use the first word that came to mind.
Givea exclusion instructions, awarcness of ths preseatation of
a flashed word results in its being withheld as a response.
Consequently, a flashed word should be given as a completion
in an exclusion condition only if unconscious perecption is
sufficient for its belng given a5 a response (U) and the word is
not consciously perceived (1 ~ C). Stated formally, the prob-
abfity of fesponding with a flashed word that should be
excluded is 23 follows:

exclusion = U(1 = C) = U - UC. @

Placing effects in opposition is a powerful techaique for
demonstrating the existence df unconscious perceptios. If, in
an exclusion condition, previously flashed words are more
likdytobegikuct;:lplcﬂom.mputdwi&budinc.m
<an be certain that the words were unconsclously perceived;
cousclous perecption would cause the words o be givea less
oftez. However, unless conscious perception has been fully
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climinated (i.e., C = 0}, performance in an exclusion condition
underestimates the contribution of unconscicus peresption.
To the extent that conscious perception is not fully eliminated,
it offsets any influence of unconscious perception. The process-
dissociation procedure corrects for the contamination cused
by conscigus perception ¢n an exclusien test thus producing
mare accurate cstimates of conscious and unconscious percep-
uo‘ln';;e process-dissociation procedure requires the combina-
tion of an exclusion condition with an inclusion condition
Given these two conditions, the probability of conscious
perecption (C) can be estimated as

C = inclusion — exclusion. (3}

Oace an estimate of the conuribution from conscicus percep-
tio (C) has beea obtained, that of unconscious perception (U)
cn be estimated by means of simple algebra, The easiest way
to do this is by dividing “exciusion” by the estimated probabil-
ity of a failure In conscious perception (1 — C). Hence,

U = exclusion/(1 — C). *

mpmbabﬂityotconsdouspcmcpﬁonpmvidaamm
of consciunsly controlled processing defined in terms of seleo-
tivs responding. If people were always swire of the flashed
word (Le., C = L0), they wou'd always complete the stem with
lheﬂ;dzedwrdhthehdts(oneondiﬁonmdmmplete
the stem with the flashed word in the exclusion condition:
adec&ﬁtyofmpondingwuldbceomplew.lnmnyms,of
course, coosclous pereeption would not be so complets (e,
would be less then 1.0), 20d 50 both types of perceptual process
wﬂleoutri’outctommﬂquomUnﬁhcmmdmpm
ception, unconscious is not assumed to support
Mﬁqdmdhgﬁecﬁeaofuncmdmp«wﬁon
kwhc:usethapmbubnityotmpondingwidxmoldm
mmﬂmotwhﬂhuddngwhinmﬂwﬂhﬁnduﬁonm)
o counter to (exciision test) the inteation set by instructions,

Wea adopt the simpiifying assumption that effects of uncon-
sclous perception of a flashed word add to the baseline
nohhﬂityofmpleﬁngamﬁththatmﬂcnce.

U=P+B, )

The use of Equation 4 to estimate unconscious influences,
then, results in an estimate (U) that is the sum of the cffects of
nnmusﬁompetecpﬁon(l’)mdbuelinem).mmmﬂﬁng
from uncansclous perception of the-fiashed word can thus be
&iln:tedbymbmcﬁnglmmofhmlincﬁomt_he
estimate of U derived from Equation 4. Given that baselines
do not differ across conditions, subtracting baselines will not

the pattern of results. Consequently, when one is
interested in shawing that unconsclous influsaces differ be-
tween conditions, rather thaq interested in the absolute level
Ofunconscious influcnces, one docs not subtract baselines. It is
“npymmthatbudinqnot.diﬂ‘erbeam if they did, U for
the inclusion test would not be the same a5 U for the exelusion

test, Consequently, Equation 4 could not be used 1o gain a
measure of conscious perception.

A suong assumption embodicd in the equations is that
erfects of unconscious perception are independent of those of
conscious perception. By use of the process-dissociation proce-~
dute, our goal was to fimd varizbles that would produce
dissociations in the estimatéd effects of conscious and unega-
scious processes. To validate the use of the procedure, we
thought it important to be able to find such dissociations. At
first glance, there is an air of circularity to this argument: We
were using equations, derived from an assumption of indepea-
deat processes, to collect evidence 1o show that the processes
#cre indeed indepeadent. The worty of crculasity dissipates,
however, whea ane realizes that the rationale for our approach
rests on manipulations that, on a priori and empirical grounds,
can be hypothesized to affect one process and oot the other,
Process dissociations of this sart have been found in investiga-
tios of memory (Yacoby, 1991; Jacoby et al., 1993; Jeanings &
Jacoby, 1993; Toth et al, 1994) and Stroop task pecformance
(Lindszy & Jacoby, in press).

Expetiment 1

In Experiment 1, we examined the variable of preseatation
mnﬁmmmmmbdmmwphypothdud
that reducing the duration of a Hashed waord would differen-
&ny&npaimdotubmmtmmpuupﬁonoﬂhn
mtnmusc.hommu‘idmhmtoaﬂsfythc
ctiterion of fully climinating conscious perception; the effects
of conscious perception could be scparated from those of

mnﬁmpmcpdonv&ththcpm-disoﬁaﬁonpmc-
dure. This experiment had twe objectives: (a) to provide
convincing evidence for unconscious i

perception by showing
tbovc-budhepezfomnccinancn:{usionmdiﬁonand(b)
0 measure, using the process-dissociation procedure, the
contribution- of conscious and unconscious perception to
performance across different preseatation durations,

Method

Subjects, Tweoty-ons. subjects earolled in an introductory psychol
Ogy course at Mebaster University served in the expetiment for courss
credit. Data from 1 subject bad to be discarded because of a
prograntming error. Subjects were tested individially,

Muaials end design. A pool of 588 five-letter words was used for
coastraction of the text materfaks. From this pool, 120 words were
uleuedu‘criﬁu!lw:nddiﬁdnd!nmmmpsonzm
cach. Thesa groups of critical tems were equated In terms of word
mm&mmumm.mm
468 wards were uied to fulfill the remaining requirements of the
mwmm,m«mmmm
Wumhmmmmammm
contrining az equal numbes of critical items, Aller words, and randoa
fetter strings, were compased for wse in the two different test
coaditions {inclasion vs, cutdon).'l‘atinmmﬁommmmipu-
Lated within sobjects such that the experiment consisted of two biocks
of test trials,

Each test trial was mado up of throe stimuti preseated in suceession,
followed by a threé-letter word stem, ‘The first and third stimuli of the
scquence were always words. These words scted as forward and
btchuduusbrorthcswouds&mnltnitmlnthcsequcmc.wﬁicb
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was cither 2 word or a tandom letter siring. Because this procedure
made 3 sort of “sandwich,”™ we call the second stimulus item the
gandwichied item throughout the rest of this anticdle. Ward stems were
produced by replacing the [ast two lotters of a Gve-letter word with
underscores. All of the word stems used had af least 2 five-letter
solutions (¢.g tab - . could be table, tabby, or taboo).,

On qitical trials, the three-lctter word stem was drawn from one of
the items in the eitical groups. There were three different types of
eritical trials produced by manipulation of the randwiched item ia the
sequencss () match trizls, in which the sandwiched item was a word
that completed the word stem (Le., “scalp™ for the stem sea_); (b)
sonmatch trials, in which the randwiched ward did oot complete the
stem (c-g, “fatal™ for the stem sea . ); and {e) nonwoed triaks, in which
the sandwiched item was 2 random letter string (e.g., “oeddv™ foc the
stem sor ). Noaword triaks provided 2 means for assessing stem-
coatpletion pesformagcs when the sandwiched itert was not meaning-
ful Loag-duration soaword trials were omitted from the design 5o a5
o disguise the cxistence of nooword triake Thos, five different
conditions were produced from the combination of the three trial types
xod the prescatation duration (short va. long) of the sandwiched jtem,

Qu filler trials, a word that could complete the stem sbways occtrred
indlha!hcﬁmcrlhkdpcﬁﬁnninlhcseqmﬂnnndw
word was never 2 completion for the woed steat Thess trials were
inclnded in the design so that attention woald be somewbat distributed
across the throe flashed stimnll. Six types of filler trials were produced
froa the factorial combination of solation word position (Best vz,
third), saadwiched item type (word vx. letter string), and deration of
sandwiched item (short ve. loag). The three factors were oot fully
aosied becanse twa of the eight possible combinations—the two
Joog-duration: letter-string conditioas—were cxdnded from the de-
sign. ‘Thess two types of filer triaks were excluded for tha tame reason
as described previcusty for the critical trisls.

thbmﬂmmdhymﬁngachmﬁuﬁb}
items through cach of the five different critical trizl conditions. Filler
iteoxs were ot rotated through conditioes. This design produced a test
Estof 80 critical and 30 filler trials for cach of the twa test blocks, Thus,
ahuldlﬁmtﬁhmmtdhtbcmw

In 2dditioa to the 180 test trials, 3 practics triaks were piaced at the
beginning of each test block, The trials coasisted of 1
loag-duration match trial, 1 shoct-duration noumaich trfal, and 1
shoct-deration noaword trial.

Frocedire. The experiment was programmed using the software
package Micro Experimental Laboratory {Schncider, 1990). Al stimuli
were prescated by means of a Zenith Data Systems computer
Interfaced with 2 Zeqith VGA color moaitor. Stimnlt appeared 1s
whitc lowercase letters oa & biack background. The charscter sirs of
the stimali was approximately 2.5 mm X 4 mm. The subjects were
seated ata distance of appraximately 45-55 em from the xesn.

Experimental trials coesisted of the.following ssquencs of cveats:
(2) presentation of a firation poiat for 2 55 (b) preseatation of 2
premasking word for 5 ms; (s) presentation of the sandwiched Hem,
cithera word presented foe 50 ms (short) or 500 ms (lag) or 2 random
etter string prescated for 50 ms; (c) presentation of a postmasking
word for 500 ms; (d) a delay of 500 ms in which the screea was blaak:
N(ﬂmnﬁm«amﬂm&nﬁemﬁeﬁmwmﬂm
All cvents ocenirred fa the same location tn the center of the serecn,

Imdomﬁndnﬁmwudﬁon}mﬁmuﬁcbeﬁnﬁngd
¢1ch of the two test blocks. Half of the subjects received Inciusion
Instructions first and the other half received excision instructions
Erst, All subjects were informed that they wotild be shown the first
thmekuu:cfam:ﬂ(i.e..nmdm)mdmuhdwmml
ﬁ'&kﬂawﬂ&umtdbcampleﬁonfw&umhldditbn.
they were told that prior o the appearance of the word stem 2

fequence of cither two or three words would be flathed briefly on the

screen and that this scquenee would sometimes contain a completion
10 the stem,

Iaclusion instructions emphasized that the word stem should be
completed with oac of the words from the sequence Rashed immed;.
ately prior to its appearance. Subjects were instructed that if noac of
those wards compieted the stem, then they should fespond with the
first ward that came to mind lh:atyu an scceptable completion for the
m . .-_ _‘u

Esxdlusion instructions-emphasized that the woed stem should not be

coaipleted with a word from the scquence flashed immediately
preceding the stem. If a completion word did oesur in the preecding
sequence, then they were to producs an alternative completion for the
ftem. As in the inclusion instructions, if o completion word oceurred
in the scquence preceding 3 stem, subjects were (o respond with the
first word that came to mind that was an acceptable completion foe the
m&mmcmolaehbhdgmbjecumcutcdmmpuuhe
instructions 30 1 {0 ensure that the instructions were dearly under-
stood. .
Responding on the stem~completioa task was verbal, Subjects were
ﬁm?ﬁsmnmmew:dnmumenmieamlwluucnwmh
the allotted time, the experimenter recarded the solution aad fnftdated
lhcna:trixlwqum.[f.dtu?&s.mwluﬁonh:dbeenﬂm,thc
compater generated a tone that signaled the experimenter to tnftdate
the pext trial,

Foe each stem, there was oas particular *tarpet™ solution. This
sdudmmupmddmmenndwﬁdmdmaxmpmwdm
match trials. Thus, feble would be a target completion 1o fab .o but
ubmmﬂmtbmmmbkommduthonndwkhcdw«ddm{u
mxchnhhfathomub--?ormapa_imms.nmlymm
performed oa the probabillity of completing critical stems with thelr
target solation, and, unless otherwisa specified, the significancs lovel
for all tests was gt at the .05 level Also, maln effects were not
reported when higher arder lateractions were significant. For afl
axperiments, data from noamatch and match trials were analyzed
separately,

Results and Discussion

The mean probabilities of responding with a target word
whea inclusion instructions were given were 38, 24, and 34
for noaword, 50-ms nonmatch, and 500-ms nonmateh trials,
respectively, Under exiusion instructions, the mean probabiil-
tiafcrt!memcumsmaa.ss.md.aa.:upwdwly.
Data from nonword and nonmatch trials were analyzed In a
3 ¥ 2 repeated measures analysis of variancs (ANOVA) that
included the variables of duration (50-ms nooword, 50-ms
noamatch, and 500-ms nonmatch) and instruction (inclusion
vs. exclusion). Results from that analysis revealed no signifi-
cant effects, The mean of the nonmatch trials (34) was taken
as the “bascline” probability for giving the target word as a
completion and was used for comparison with match trials,

Evidence for the existence of uriconscious percepeion. Table 1
shows a summary of the completion data from match trials.
Results from the exclusion test condition provide unambigu-
ous cvideace of the existence of unconscious perception. In
particular, the probability of completing & stem with the target
word on short-duration trials (M = .50) was found to be
significantly higher than that of baseline (M = 34), ((19) =
3.66, SE = .04, That high probability of producing flashed
words as responses on exclusion trials was caused by uncoa-
scious perception, not by a failure to understand and follow
instructions. This was demonstrated by the finding that when
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words were presented lor a longer duration so as to make their
conscious pereaption highly likely, subjects had little difficuley
excluding the words. On long-duration trals, stems were
completed with their target words at a rate that was relizbly
lower than that of baseline (.10 vs. 34), £(19) = 8.13, SE = .03.
Thus, the increased probability of responding with words
flashed for 2 bricf duration (50 ms) coutd not be explained as
being produccd by consclous perception because conscious
pereeption had the opposite effect. Although performance in
the exclusion test condition provided strong evidence for the
existence of unconscious pereeption, it underestimated the
magnitude of unconscicus influcaces. This underestimation
was a result of the eflects of unconscious perecption being
offset by effects of conscious perception.

The clear ¢videace of unconscious perception gained by use
of the exclusion test condition could not have beea revealed by
use of standard self-repart procedures, The inclusion test
condition corresponded to a direct test of perception akin to
those standardly used to measure awareness. For the incusion
lest, prescatation of a completion word increased the likeli-
bood of its being given as 2 response over baseline (34),
regardless of whether the word was presented for a shont
(M = .53) or & long (A = .95) duration, Both Increases were
highly significant, £5(19) m 7.41 and 30.90, SEs = 04 and .02,
respectively. Results on the inclusion test may be interpreted
as showing that subjects consciously perceived many of the
words that were flashed for & short duration. ‘To correct for
;uuﬁng.basclln:(&)wouldbewhmmd&omthcpmhbi{-
ity of responding with the target completion (43). Doing so,
the probability of conscious perception would be estimated as
bcing.ZS.Hmm.aﬁmaﬁngmmdompawpﬁoninthat
way ignores the contribution of unconscious perception and
indeed defines unconscious perception out of cxistenes.

The difference between performance in the inclusion test
condition and baseline undoubtedly overestimated the probabil-
ity of conscious perception. If the probability of consciously
pﬂndﬁngmrdsﬂuhodforashmdmﬁoummmd
unmmupumpdandidmphyamh,thepmbabﬂityof
respoading with an old word in the exclsion condition should
have been belaw, ot above, baseline, Conscious jon of
the fashed words woald allow them to be either included or
adndcd.ﬁhichcmmdidatedhyhsmlcﬁons.l\scvidcncc
for this assumption, the ability to control respanding was

Table 1

Okserved Probabillsies of Coenpleting Word Sterms With Target
#ords on Mazch Trials Across Instruction and Duration

in Experiment 1 ]

Instruction
Tochusion Emiusion
Dunaticn P M P M
Oms ) 61) ) (3D
500 ms 96 (95) 10 (15)

Note. ‘The mean rats of completion on poamatch brials was 34,

‘These numbecs represent observed probabilities of completing word
slems with target woeds after removing the data from 6 subjects who
gl:mdpafectpctfommindnhddonmdadnﬁmmn&-

Table 2
Estimates of the Coruribution of Conscious Percepiion and
Unconscious Perception to Stem Completion Performarnce

in Expariment 1

Duration Conscious perception. Unconscious perception
S0ms Jd0_0 - 0 S8
500 s 80 76

Note. Data from § subjects were excluded from these estimates
because an astimate for unconscious perception could not be cla;-
tated (sec the text).

clearly demonstrated for words Bashed at a longer duration. A
better measure of conscious perception is provided by the
differeace between performance in the inclusion and exclusion
test conditions. It is that measure that is used in the process-
dissociation procedure,

Estimating effects of conscious and unconscious perceptior.

The process-dissociation procedure was used 10 estimate the
scparate effects of canscious and unconscious perception.
Estimates of the two types of effects were computed for each
subject using Equations 3 aad 4, along with performance on
inclusion and exclusion tests for match trials. For 6 subjects,
performance in the incdusion and exclusion test conditions was
perfect (Le, 10 and 00, respectively) when words were
presented for a long duration. Their data had to be discarded
for purpases of analyses because, for them, the estimate of
unconscious pereeption was undefined; the use of Equation 4
would catail dividing by zero. The mean estimates for the
remaining 14 subjects are shown in Table 2. Reducing the
duration of the sandwiched word drastically decceased the
probablity of conscious perception and, to a lesser exteat, that
of unconsciaus perception, Scparate one-tailed ¢ tests shawed
both effects to be significant, £5(13) = 1328 and 186, SEs = .05
and.lﬂ,mpcctivcly.Wcusedone—u.iled:mbmusc,ona
prioti grounds, we cxpected that any effect of decreasing
duration would be to0 decrease constious and unconscious

perception.

1t was pesfect responding on the loug-duration trials that
made it impossible for us to estimate the effects of uncanscious
perception for some subjects. For the long-duratioa trials, the
geacrally high level of accuracy including or excluding earlier-
presented words shows that subjects followed instructions.
Why did not all subjects show perfect performance when words
were preseated fora duration (500 ms) that allowed awareness
of their presentation? Oue possibility is that because of a lapse
inattcn&on.wbjeasmightnothzveuonsdmulypemiwd
some of the long-duration words and consequeatly failed to
exclude those words. In Experiments 2 through 4, we cxamined
the effects of dividing attcation oa conscious and unconscigus
perception. A second possibility is that, although consciously
perceived, subjects might have sometimes forgotten the word
that had been preseated and, for that reason, failed to follow
instructions. Giiven that the filler trials forced them to pay
a&entionmtheﬁrstandthirditemsofthc“smdﬁdl." this
hypothesis scems reasonable. To claim that forgetting played
some role is to suggest that the results we take as showing
unconscious perception sometimes arose from unconscious
influences of memory (cf Jacoby et al, 1993). Indeed, our
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cantention is that the two types of influences are closely
related and may even share common mechanisms,
Unconscious pereeption, as well as conscious pereeption,
decreased with decreases in presentation duration. At some
level, this should not be surprising. If a masked word were
prescated for 1 ms, acither the effects of unconscious percep-
tion nor conscious perception would result. However, that
both conscious and unconscious pereaption are tied to presen-
tation duration does make clear the difficultics faced by those
wha have tried to demonstrate the existence of unconscious
pereeption by traditiopal means. To show cffects of uncon-
scious perecption while holding the probabifity of conscious
perception at zero requires that one find a preséatation
duration that is sufficiently long to allow unconscious percsp-
tion and sufficicaty shart to disallow comscious perception.
The range of prescntation durations that satisfy these dual
constraints is probably a namrow one and different acrass
mbiacts.lcvdsofpﬂnicc.mdsa.fonh.Bmuscthcmget
range of preseatation durations is small and moving, it is
unlikely that many supposed demonstrations of uncoasdious
pereeption actually hit that target, '
By using the process-dissociation procedure, we could avoid
mcnmsﬁtyofhitﬁngamhmﬂmgﬁngmgasmdimud
- separately estimate the coatributions of conscious and uncon-
scious perception to performance, However, to validate the
use of that procedure, it was te find some variable
that, for cxample, would reduce the probability of conscious
perception but leave the effects of unconscious perception
unchanged (x “process dissociation™). It should be passible to
find such process dissociations if eoascious and wconscious
pereeption do in fact serve as independent bases for respond-
ing. In Experiment 2, we camined the effects of dividing
attcation during the prescatation of the flzshed word, On the
basis of the results of experiments examining unconscious
taflucoces of memory (Jacoby et al, 1993), we opected
M@dmﬁonwmmtbep:obabnhynfmmdnnspamp-
ﬁonbutmlnvciun:iantthccﬁcmofmmp-
tior.

-

) Experiment 2

Experiment 1 supplied-styong evidence for uncomsclous
perception using the traditional variable of duration. In this
experiment, e examined the effect of anotber varisble,
atieation, which has been used less commonly in studies of
unconscious perceptual processes, There were many reasons
for manipulating atteation. First, Joordens and Merikle (1992)
. manipulated attentica, rather than preseutation duration, to
replicate Jacoby and Whitehouse's (1989) finding of an influ-
ence of unconscious perception on false recognition. Further-
more, results from Experiment 1 show that lengthening the
preseatation duration of a word produced increases in both
coascious and unconscious pereeption, Thus, larger effects of
unconscious perception may be attainable by preseating stimuli
for longer duratioas, but under condition's of divided attention,
Finally, there is an eccological argument for magipufating
atteation to, rather than duration of, the stimull: Divided
atteation is much more likely to occur in a nonlaboratory
setting, and, as others have argued, may in fact be the normal

state of affairs (e-g.. Jacoby, Toth, Lindsay, & Debner, 1992
Neumana, 1984).

The procedure that we used to divide attention was simila,
10 2 procadure used by Wollord and Merrison (1980). Flasheqd
words were flanked by 2 pair of aumbers, and, in the divided.
attention condition, subjects. were required 1o add thote
aumbers. The phegomenological experience in this sk i
often reparted as being orie of not “seeing” the flashed word
because of attending to the presented numbers. The experi-
ence is much like that of visually fiating on an object while
cagaged in heavy intellectual work uarelated to the object. Are
such unattended objects perceived unconscicusly but not
conscousty?

Method )

Subjecrs. Thirty-uix subjects earolied In an introductory prychology
course 1t McMaster University served in the experiment for course
credit. Data from 4 subjects had to be discarded because thase
fzﬂedmfolbw!muudonsucvideawdbyahighmood(>.4o)q(
respoading with the target solution under full-attention, exclusiog
coaditioas, Subjects were tested Individaally,

Materials and devign, A pool of 128 differcat multiple-solution,
theee-letier word stems were selected foc use in the expecintent. The
stems were chasen from a larger pool of fvo-letter woods that had been
used ln earlier stem-completion experiocats doac n our Iabaratory.
The 128 stemy were used to create elght sets of 16 stems, with esch set
being equated oa the probabllity of a stem being completed with it
target word, In addition o the word steme, 320 five-letter words were
ased as pres and postmasks and a3 sandwiched words for noamaich
trials,

The design lncarporated four blocks of 32 trisls exch. These blocks
to the factoral combination of twa within-subjects

correspoaded »
_vuhhlmmﬁon(dividedufnn)mdlmncﬂom(lndudonu.

exclusion). Within ezch block there were 16 match trials and 16
noasatch trials, Trials within each block were ordered randomly with
the excepticn that no mors than 3 trials from the szme condition were
presented i a row. Rotating the word groups through each possible
combination of conditions produced eight differeat test formaty.

An additional 32 three-letter stems were seloctod foe use or practice
mmmmwmmmhmum
and postmasks and sandwiched Hems. Eight praction triads (4 match
and 4 noamstch) were placed at the beginning of cach test block.
Hence, there were 40 trials In cach test block, which yielded a total tert
length of 160 trials.

Attention to the sandwiched word wat maaipulsted ting a secoad-
azy task. For this task, pairs of digits were placed on either side of the
sandwiched word (e-g., 4 scalp 5) and the word stem (eg, 3 sca .. 4).
Digits from 1 t0 9 were palred 30 23 to producs surms ranging between §
aad 12, The mums were chosen randomly with the exception that
identical digits did not flank the same word (Le., if the sum was 10, the
flanking digits could not be § and 5),

Procedure. The experimental apparatus and procedure were the
same a2 those used in Experimeat 1 with the following exceptions:
Because noaword trials and noamatch trials exhibited no differences
in Expetiment 1, we used only noamatch trials bere. Thus, the
sandwiched stimuits was atways 3 word.

Experimental trials coasisted of the following of eventss
(3) grescatation of a fxation point for 2 5 (b) presentation of a
peematking word for 500 ms; (c) presentation of the sandwiched word
fiznked by digis for 150 ms; (d) presentation of a postmasking word
[ot&OJn:(c)addxyo!SOOminwhichlhcmmbhulqmdm
presentation of 2 word stem flanked by digits. Al events occurred in
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\he samnc location on the screen, It is important 1o note that the digits
flanking the sandwiched word were not pre- or postmasked.

The experiment was conducted in four blocks. Half of the subjects
seccived divided-attention instructions for the first two blocks and
full-atteation instructions for the Last two blocks, The other half of the
mwwae;imimuudiominlhcrmorda.“’ithhuch
sttentional coadition, all subjects received exclusicn instructions for
the first block and thea inclusion instructions for the 1econd block.
Exdusioa bistructicos emphasized that the stem should not be
completed with the sandwiched word. Thus, if subjects saw that the
sandwiched word was 2 coapletion o the stem, then they were to
come up with & different solution. By coatrast, indusion instructions

ired that the stem should be completzd with the saadwiched
word i it was appropriate {Le,, a oateh trial) In both instructioaa!
enaditioas, subjects were told that if the sandwiched word was net o
completion for the stem, thea they should respoad with the first
solution word that came to mind. .

Oa cach trial the mibject had to perform a secondary tsk prior to
completing the word stem, “This task consisted of the sum of
a pair of digits preseated during each trlal (Wolford & Morrison,
1980). Ia the divided-attention condition, subjosts were required
repoct the sum of two digity flanking the mandwiched word before
completing the stem. This conditioa was labeled divided attention
becanss during the preseatation of the sandwiched word, atteatioa
was split between the word and {ts flanking digits. Given that the
divided-attention condition called for a sum to be reported prior to
completioa of the stem, we felt it necessary that the full-attention
coaditioa also inciode & summation task. Hence, the full-atreation
coadition required that the stm of two digits flanking the word stem be
reported prior o stcm ¢completion. In this coaditioa, full atteation
could bo devoted ¢o the sandwiched word at the time of its prescata-

tosr.

Respoading oa both tasks was verbal, Subjects reporcted the tum as
800n 25 tha stem appeared on the screen and thea attemptad 1o solve
tha stem. Feedback was given when errors were made oa the addition
task. Subjects were given 7.5 3 10 report the sum and complete the
stem, In oll other ways, responding wit the same as fn the firt
aperiment.

Results and Discussion T

Errors on the secondary task wers analyzed hya 2 X 2 x 2
repeated measures ANOVA, with variables of trial type
(match v ponmateh), attention (full va. divided), 2ad instrue-
tiont (inclusion vs. exclsion), This analysis showed a relishle
main effect of attention, F(1, 31) = 22.82, MS, = 0.027, with
more errors being made in the divided-attentioa condition
than in the full-attention condition (As = 3.0% and 1.0%,
respectively). This finding is not surprising given that the digits
to be summed in the divided-attention condition wese o the
screen for a much shorter period of time, No other main effects
or interactions were found to be significant.

The mean probability of responding with a target word cu
nonmatch trials givea inclusion instructions was 32 and 33 for
the full-attention and divided-attention couditions, respec-
tively. Given instructions to exclude, those same probabilities
were 32 and 34, respectively. Data from nonmatch trials were
analyzed in a 2 X 2 repeated mezsures ANOVA, with the
varisbles of attentioa (divided vs. full) and instruction (inclu-
sion v, exclusion). Results from that analysis revealed no
significant effects, Consequently, mean performance on all
noamatch trials (33) was taken as the baseline probability of

Table 3
Observed Probabilities of Completing Word Stems Witk Target
Words on Matchk Trinls Across Instruction and Attention

in Experiment 2

. Instruction
Inclusipa - Exclusion
Atteation 2 M P M*
Divided B8 (34) 42 (43)
Full 56 (99) 09 (12)

Not=  The mean rate of completion oa nonmateh trials was 33,
*These vumbers represent observed probabilities of completing word
stems with target words after removing the dat from 8 subjects wio
achicved perfoct performance in the inclosion and exclusion condi-
tions,

giving the target word as a completion and was used for
comparison with match trials.

Evidenze for the exdstence of unconsclous perccgtion. The
completica data for match trials are shown in Table 3, Asin
Experiment 1, results from the exclusion test condition pro-
vided unambiguous evidence of the existencs of unconscious
perception, Although instructed not to complete the stems
with the target words, subjects responded with target comple-
tions refiably more often than baseline when atteation to the
preseatation of the word was divided (42 vs. 33), ((31) = 2.84,
SE = 03, Yet, when full attention was devoted to the
presentation of the words, subjects conipleted stems with their
target completions less often than bascline (M = 09 va. 33),
431) = 1130, SE = .0 These cffects were comparable in
magnitude to those produced by the manipulation of duration
used in Experiment 1.. ¢

For the inclusion test, prescatation of 2 target word in-
creased the probability of its being used s a completion over
baseline regardless of whether attention to its presentation
was full (96 vs. 33) or divided (.85 vs, .33). Both increases
were reliable, 15(31) = 5027 and 2216, SEs = 01 and 02,
respectively. Again, subtracting baseline from performance in
the inclusion test condition would overestimate the probability
of conscious perception. This overestimation results from 2
failure to taks effects of unconscious perception into account.

Estimating effects of consclous and unconsclous perception.

Estimates of the probabilities of conscious and unconscious
perception were calculated in the same manner as in Experi-
meat 1. For 8 subjects, pecformance in the inclusion and
exclusion conditions was perfect (ie, LO and 0.0, respec-
tively). Their data had to be discarded from the following
anafyses because estimates of unconscious perception could
aot be cloulated Analysis of the remaining 24 subjects
showed that dividing attention to the sandwiched word drasti-
cally reduced consclous perception, £(23) = 937, SE = .04, but
that it left the effects of uncoascious perception unchanged
(¢t < 1,5E = 06;sce Table 4), )

Strilar to reducing preseatation duration (Experiment 1),
dividing atteation produced a radical reduction in conscious
perception, However, unlike the maniputation of duration, the
manipulation of attention left invariant the effects of uncoa-
scious perception. The process dissociation produced by ma-
nipulating attention pravides strong support far the assump-
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Table 4
Estimates of the Contribution of Conscious Perception and
Unconscious Perception of Stem-Completion Performance
in Experiment 2
Auneatica  Conscious perception Unconscious perception
Divided Al a5
Full A3 76

Note Data frem 8§ subjects were excluded from these estimates
because an emtimate for unconscious perecption could not be cala-
lated {3z the tex).

tion that conscious perception and uncomscious perception
make indepeadent contributions to stem-completion perfor-
manee. In addition, the results corroborate those of others wha
bave found & similar process dissaciation within the area of
memory (Jacoby et al, 1993). .

. Experiment 3

E:pahntmidmﬁalmE:pqimz.wcpnhanhc
preseutation duration of the sandwiched word was reduced
ﬁmﬁﬂmﬂlﬂﬂmhﬁtpaimlmdz.mnl
subjects performed perfectly on inclusion and exclusion tests
and their data therefore could not be used to estimate the
contribuﬁmsofmnm‘muandmmusdouspucép&omkeduo-
iugthcpmmhndm:ﬁonofthcundwichedmdshmdd
lower performance in the full-atteation condition t0.a level
sndxlhatﬁﬁmacsmbcgﬁuedfcrmmbjmhthc
expetiment,

Method

Sidfects. Nineteen subjocts earolied kn introdoctory prycho
course at McMaster University I o
uo&&u&m3nﬂmhdmbod&n:&dbm&mwbjm
bhada Ifkelihood (> ammmmﬂm
mhmﬁmmmmmm
mwhmwmmmnumm
mmmmwuwﬁummca
Mﬂuwmm& extremely coasct-
nﬁamhmmﬁmmmm&;umhm
mb'bahmhneeﬂbcudmm&bjemm
tested fodividually,

Materlals and desigr, nequ-iakmddcdmkﬂhkupcﬁmcnt
were ideatical to those of Experiment 2.

Procedure, mmw;mv&m(m:e)
mmwumo{mmmmw
mtedlu&pcxﬁnmﬂmabowhlwonbh:hm@mm
virtually ideatical.

mmmmumuwchnothzmu'

MWTMMMWthINM
ia order 0 make conscions perception more difficnlt. Also, the two
M&uhhﬁummmmmmm&dm
attention,

Results and Discussion

An apalysis of errors on the secondary task revealed a
reltable main effect of atteation, F(1, 15) = 8.13, M5, = 0,027
more errors were made in the divided-attention condition than

. perception were calculated as in the first two

in the full-atteation condition (s = 4.1% and 1.29%, respec.
tively}. There was also a significant main effect of triag type,
F(1, 15) = 5.00, MS, = 0.008; nonmatch trials produced more
¢rrors than did match trials (MS = 3.4% and 1.9%, respec-
tvely). No other main cffects or interactions were significant,
Asin the previous experiment, the main effect of attention wag
expecied, although we canaot explain the significant effect of
trizal type, Givea the low percentage of errors overall, however,
we do not bej’eve that this finding affects our conclusions,

The mean probabilitics of responding with a target word on
noamatch trials for the inclusion test were 33 (full attention)
and 35 (divided atteation). Far the exclusion test, those same
probabilities were 27 (fuil atteation) and 33 (divided atten-
tion). ANOVA results revealed no sigrificant effects. Conse-
queatly, mean performance on all aoomatch trials (.32) was
taken s the bascline probability of giving the target word as 3
completion and was used for comparison with match trials,

Evidence forzhccﬁ;rawcofunwa.vdaupatqm'om Tables
shows a2 summary of the completion data for.match trigk
Results from the exclusion test condition provide striking
evideace for the existenes of uncomscious pereeption. Whea
words were preseated for a brief duration and atteation was
disuutcd,thosevmrds‘wuchighlylike!ymbemdu
completions even though doingsumldbccountercdbymy
conscious perception of the presented words. The probability
of respoading with a flashed word for the exclusion fest wag
tmuch higher than baseline (.60 vs. 32), K(15) = 5.77, SE = 05,
Mﬁndingmnds!ncuumtotheranlts&omuhhon
whichﬁ:nlneu&onmdc_\ptcdmmepmuﬁonotthc
sandwiched words. After full attention, subjects completed
stems with fleshed words less often than baseline (M =_16),
K15) = 898, SE = .02, Petformance in the full-attention
candition showed that subjects were followidg instructions by
excluding consclously perceived words.

Foﬂhcindmiontst.ﬂuhedwtdsmlﬂ:dylobegivm
33 a completion, regardless of whether full atteation was
devoted to thelr presentation (.71 for divided attention and .90
for full attention). Pufomance!nbothmdidommsigniﬂ-
catly higher than baseline, 5(15) = 11.5630d 2883, 555 = 03
md.&.mpecﬁvely.&hndierapchmu.perfomm
inthehduﬂontmmndidombyﬁrmlmamdthc
probability of conscious perception because of the effects of
unconscious perception. .

Estimating effects of conselous and unconsSous percepiion.

Estimates of the cantributions of conscious and uncogscious
experiments.
Because of the reduction in preseatation duration, tione of the

Table 5

Obsmad&obabﬂidcof@mplmhg Word Stems Witk Targe
Fords on Match MAm[muadmandAﬂmﬁan

in Experiment 3

+  Instruction
Atteation Inclusion Exciusion
Divided J1 50
Full 50 16

Note. The emean rate of completion on noamatch trials was 32
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Table 6
Esiimates of the Contribution of Conscious Perception and
Unconscious Perception 10 Stem-Completion Performance
in Experitment 3
TAstention  Comstious perception  Uncouscious perception
Daided 11 r
Full I - L6

subjects attained perfect performance and consequently it was
passible to gain estimates for all subjects, Dividing atteation
during the presentation of the s2ndwiched word substantially
reduced the probability of conscious pereeption but left the
cffects of unconscious pereeption invariant (see Table 6). That
s, the manipulation of full versus divided sttention had a large
effect on conscious perception, /(15) = 10.97, SE = 05, but its
influence on uncofiscious perception did not approach signifi.
cance (¢ <1, SE wm 08), Thus, these results replicate the
pattern of results found in Experimant 2,

Experiment 4

In the previous three experiments, words were used (o mask
the fashed, sandwiched word. Although the subjects were
tnstructed to ignore thess words in Experiments 2 and 3, it Is
passiblo that thess irrelevant words induced a typé of memoary
load and were thus responsible for the effects obtained.
Although we would argue that the source of these unconscious
Influences s immaterial, we were interested in showing that a
“memocy load™ i not necessry to obtain the effect. Thus, in
this experiment, we used randont letter strings as masks so that
the target word was the only word presented prior to onset of
the stem,

Asecoudmethoddogialebmgeinﬂodncadlnthﬁexpai—
ment concsrued the instructions. Whereas in the previous
aperiments we used a blocked format to implemeat the
Inclusion-exdlution Instructions, we used a mixed format in
this cxperiment. This format was instantiated 5o that subjects
would not know, prior to each trial, whether the trial would be
an inclusioa or an exxlusion trial In this way, any deliberate
sttentiocal effocts brought sbout by knawledge of the trial type
- (Lo not paying attention on exciusion trials) ctn be ruled out.

Method

Subjects, Sheenwﬁecumuﬂodinuhhodmypsydwby
course at McMaster University served [n the expetimeat for courss
crodit. Subjects wero tested individually. .

Materials ard design. ‘The materiaks and design of this expesiaeat

mmmmsmm:zmmmmmmot
mmmmmwmm)mmnm
four pecudorandom Ietter sirings were created such that there was
mndmdm:ﬁudmdmwdmdmhmcm
(q.;ph'ﬂq!p).tmmchoscanuwmumhpvimlho
: mmdum&ummlppwmdhmmu
pee-or postmasks was randomly determined on each trial.
Procedure. An IBM-compatible VGA color moaitor was used for
prmnuﬁondmnhu&mmnmpmteduhm
meat 2 (white on biack} excent that (a) the prescatation duration of
the target was roduced to 83 ms, (b) the duration of the pre- and

postmasking letler strings was reduced t0 300 ms, and (c) the stems
were displayed in cither red or green. The color of the stem was used
to signal the instruction: Green stems were a cue for inelusion
instructioas and red stems were 2 cue for exclusion instructions. In
additioa, a czrd was placed below the computer screen that reminded
subjeces that a green stem meant that they were to use flashed words as
complictioas, whereas a red ftem meant that they were not 10 use
flashed words a3 completions. All'other 2spects of the procedure were
identical to Experiment 2

Resules and Discussion

A2 X2 %2 anzlysisof errors oo the secondary task revealed
& reliable main effoct of atteation, F(1, 15) = 642, S, =
0.006; more ertors were made in the divided-ztteation condi-
tion thaa in the full-atteation condition (Ms = 4.9% and L8%,
respectively). No ather main cffects or interactions were
significant,

The mean probabilities of responding with a target word on
uoamatch trials for the inclusioa test were 34 (full atteation)
and 31 (divided attenticn). For the exclusion test, those same
probabilitics were 33 (full attention) and .40 (divided atten-
ticn). Analysis of these data by a 2 % 2 ANOVA revealed no
significant effects. Consequently, mean performancs oa all
noomatch trials (35) was taken as the bascline probability of
giving the target word as a completion and was used for

Evldence for the existence of unconscious perception.  Table 7
shows 2 summary of the comipletion data for match trizls. As in
thcpmimnﬁmoaqmimenu.theendﬁont:twidcd
solid evidence for the existence of unconscious perception.
Whea atteation was diverted from the briefly preseated words,
tbmwdsmuﬁmuednwmplcdom.mpmbabﬂityof
responding with a flashed word for the exclusion test was
highier than bascling (.48 vs. 35), (15) = 3.41, SE = 04, That
finding stands in contrast to the resuits from trisls on which full
atteation was devoted to the preseatation of the Sashed words.
After full attention, subjects completed stems with flashed
words less oftea than baseline (M w 20), ((15) = 439, SE =
3. Pezformance in the full-atteation condition showed that
subjects were excluding consciously perceived words a5 in-
structed.

For the inclusion test, flashed words were fikely to be given
as completicns, regardless of whether full attention was
devoted to their preseatation (Ms = .54 for divided attention
and .82 for full atteation). Performancs in both conditions was
significantly higher than baseline, 65(15) = 524 and 2218,
SEs m .04 and 02, respectively,

Table7
Ommﬁuhmaq'&npm Word Stems With Target
Words on Match Trials Acrass Instruction and Attention

in Experiment 4 .
Instnuction
Arteatioa Inclution Exclusion
Divided 54 48
Fu v 20

Note. The mezn rate of completion on nonmatch trials was .35,
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Table 8

Estimates of the Contribution of Conscious Pereeption and
Uncorscious Perception to Stem-Completion Paformance
in Experiment 4

Atteotion  Comscious perception Uncoascious perception
Divided 08 31
Full £2 =0

Esdmating effects’of conscious and unconscious perception
Estimates of the contributions of conscious and unconscious
perception were calculated as in the previous experiments.
Importantly, because none of the subjects attained perfect
petformance, it was possble to obtain estimates for all
subjects. Dividing attcation during the preseatation of the
fashed word substantially reduced the probability of conscious
pawpﬁonbutkftthccﬁcctsotuncoudmquwpﬁon
invariant (sce Table §). That is, the manipulation of full versus
dividedmﬁonh:dahxgce&‘actonwusdmpﬁecpﬁqn,
(15} = 1688, SE = .03, but its influcnce on uncomscious
pau:pdondidmtsppxmdnigniﬁance(:<l,ss-m).

The results from this experiment replicats the pattern of
results found in Experiments 2 and 3, Although we did not rule
out “forgetting” explanations, the use of a single word flashed
caly 15 priar to the stem docs make & memoryload explana-
tion uulikely. These findings, in addition to thase of the
previous three experiments, confirm that unconsclous foflu-
eaces of perception contribute considerably wo performance on
A stem-completion task. Moreover, these unconscious influ-
coces are propased to operate indepéndeatly of any con-
sciously controlled responding occurring on the task.

Gencral Discussion

‘The experiments reported here as evidence of unconscious
perception are highty similar to experiments repocted by
Jacobry et al. (1993) as cvidence of unconscious influences of
memory. In cach case, 2 stem-completion task was used to
mthehﬂumofapdurpmgmmﬂnm:rhy
between the two sets of cxperiments s a reflection of the
rda&nlyﬁneﬁncm&dmbemmmymdpm
tion.Fmahimdcdﬂ:wpoim.houvmthaeismquaﬁon
that ours is a study of perception. Some of the most notable
investigutions of unconscions perception to date have frvolved
mepmnﬁondldndcm-mnkedmfouomdby
an immediate test (e.g, Balota, 1953; Cheesman & Merikle,
1984 Marc=l, 1983;).Thanfote,wetecl'jmiﬁedinreporﬁng
our results 25 cvidence of tmconscious perception. Further-
fore, we are equally comfortable discussing our results ta
terms of previous research on both unconscious perception
and unconscious influences of memary.

Experiment 1 revealed that briefly flashed, pattern-masked
words can produce unconcious influeaces on stem-comples
tion performance. This experiment is coasisteat with many
traditional studies of unconscious perception whaose purpose
mtocliminatcconsdompcmpﬁonofawguthmuyu
mdudiminthcpmcuuﬁondm&ou(e.g,mmmn
our case, hcwcvu.ueofﬂ:epm-disod;ﬁonpmwdm

(the exclusion condition in particular) made climination of
conscious perception unnccessary. Thus, we avoided the age-
old criticism that attributed supposedly unconscious influences
10 residual eonscious perception (Eriksen, 1560; Holender,
1986). We have also shown (Experimeats 2 through <) that
effects produced by preseating words for a brief duration can
be mimicked by dividing attention during the presentation of
these words (cf, Joordens & Merilde, 1992}, That is, inatten-
tion to an cvent can yield unconscious pereeption just as can

: memmmofmmntinxpawpnnuydiﬁadtsctﬁng.ln :

each of these cxperiments, unambiguous evidence of the
exstence of unconscious perception was provided by an-
exclusion test condition. Such evidence caanot be explained as
truly resulting from couscious perception because conscious
pereeption would produce an opposite result,

Results from the exclusion test conditions are sufficicat 1o
demonstrate the existence of uncoascious influcnces, but those
results underestimated the magnitude of udconscious effects,
Because preseatation conditions were ot such zs to totally
eliminate conscious perception, uncoasdous influences were
partly offset by conscious perecption. Te scparately estimate

provide independent bases farrespoad-
ing. Using this procedure, we ancovered a difference between
the effiects of reducing duration and dividing attention that
viould bave gons unnoticed by other measures of coasclous
and unconscious influences (.., direct and indirect tests).
Spedﬁuﬂy.wﬁmmdhtdmmpmudon dura-
tion of the flashed words (Experiment 1) decreased the
probability of bath coscious and uncdnsclous tion.
I-\nth:rmpponforthuconduslonm(omdhﬁ:pﬁimmu
2 through 4, in which reductions in the estimates of consclous

2ad uncoascious perception parafleled the reductions in pre-
scatation doration scross thoss three experiments. Effects
desived from of presentation duration stand in

Dissociations of conscious and unconscious infucnces lead
support o the assumption that the two processes operate
indcpeuda:ﬂy.ﬂthoughmbmuguedthnmrmsonhg
hdrmluinthatoureﬂdcnccforhdepmdcmwupiued
&umamccicthntmbasedonthempdonoﬁndepcn-
dmmd&yuﬁuc.thndbodaﬂonofcumdq:smd
unconsciocs influences found within any single experiment is
important, but of far more importance is the ing
evidencs demonstrated by Experiments 2 through 4, We doubt
that such consistent findings' would be obtained if the two
processes were not independent, The argument is streagth-
eaed cven more when one considers that dividing attention
pmduaumenmedissodadonbemwnsdouslyconuollcd
and automatic influcaces of memory (Jacoby et al, 1993;
Jennings & Jacoby, 1993), processes that we consider to be
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gnalagous fo those of conscious and u.ncnnsci‘ous _p:rczption.
Thus. from our view, the procsss dissociation mc_lucc&.:l by
dividing atiention is robust across a range of _s'uuat:ons,
including different sumuli, different testing COndIUOI.lS. a!'ld
cven diffcrent paradigms. In addition, other process dissocia-
tions have been found in investigations of uncoascious influ-
ences of memory {Jacoby, 1991; Jacoby et al, 1993; Jennings &
Jacoby, 1993; Toth et al, 1994)_and investigations of Stroop
interforence (Lindsay & Jacoby, in press).

Conscious Perception and Meastres of Awareness

Use of the process-dissociation procedure has important
advantzges aver self-cepant mezsures of conscious perecption.
First, directly 3sking 2 person to report a flashed word may
Jirect atteation toward that word, making perception con-
scious, whereas if not asked to report, conscious percepticn
mzy not occur. More importaat, the process-dissociation

ure takes into account the likely possibility that perfor-
mance on direct tests is contaminated by cffects of unconscious
For stem~completion experiments, a standard way
of measuring couscious percepiion would be to subtract
bascline performance from performance on the inclusion test.
For each of our cxperimeats, that standard measure of
conscious perception would substantially cverestimate coo-
scious. perception. This is because voconscious
adds to correct guessing and therefore the trae probability of
guessing is underestimated by baseline performance., Signai-
detection theory is of no help for measuring coascious pereep-
tioa because it does not distinguish between effects of coo-
scious perception and those of unconscious perception {cf.
Eriksen, 1960).

One of the most common criticisms of supposed demonstra-
tions of unconscious perception concerns exiterion differences
(c-g Exiksen, 1960; Holendes, 1986). For example, perceptual
defenso bas been generally dismissed as arising from subjects'
besitancy to report awareness of the presentatioa of 2 taboo
word, Appeals to criterion differences treat unconscious per-
¢cption only as a weaker form of conscious perception. By
coatrast, we have shown that cooscious and unconscious
perccption serve as independent bases for responding. The
results from our experiments join 2 growing body of evidencs
indicating that conscious and unconscious influences have
qualitatively different effects on behavior (Cheesman & Mer-
ikle, 1985; Jacaby, 1991; Jacoby & Whitehouse, 1989; Joordens
& Merikle, 1992; Marcel, 1980, 1983a; Weiskrantz, 1986). For
example, Weiskrantz (1986, pp. 152-155) argued that blind-
sight cannot be understood as resulting from oaly 2 quantita-
Uve difference In a single criterion for responding (ie
signal-detection theory). Rather, he suggested that normat
visual functioning results from the operation of two indepen
dent visnal pathways, one of which is dysfunctional i the case
of blindsight,

The Relation Between Conscious and Uneonscious

The measure of conscious perception provided by the
Process-dissociation procedure is a commonsense cue that is

based on the 2ssumption that awareness of the presentation of
an item allows intentional control of responding. If subjects
“see” a flashed word, they can cither use that word as a
response (inclusion test) or avoid using that word as a response
(cxclusion test) zs dictated by instructions. This cstimate of
conscious perception is importaat in its own right and is crucial
for estimating influences of-uncdnscious perception by means
of the procass-dissociation’ procedure. What if one were to
assume, bowever, that the two perceptual procasses were not
independent? For example, what if conscious processing
occurted caly for items that were also processed uncon-
sciously? .

The relationship mentioned carficr as an alternative to the
indepeadence model is known as a redundancy model (Jones,
1987). The redundancy model holds that only a subset of the
stimuli processed unconsciously are also processed at the
conscious level. For the redundancy model, because conscious
processing occurs oaly in the presence of unconscious process.
ing, the indusion test scrves as an estimate of uncoascious
perception. Generate~recognize models of cucd-recall perfor-
mance serve a5 an example of 2 redundancy model of the
relation between conscious and uncooscious influences of
memory. Jacoby et al, (1993) compared & gencrate-recognize
model with a mode! that was based on the assumption of
independencs and gave reasons for preferring the assumption
of independence.

We befieve that the assumption of independence for the
relation, between conscious and uncomscious perception is
mote plausible thag is that of redundancy. First, to say that an
inclusion test provides an estimate of unconscious petception
is to make a factor-pure assumption that scems particulacly
curious against the backdrop of coutroversy, sxrounding
chaims of unconscious perception. As indicated earfier, a
commen criticism has been that performance on indirect tests
of perception is contaminated by consclous perception (e.g.,
Holender, 1986; Reingold & Merikle, 1990). Against that
backdron, it scems farfetched to claim that a direct test (an
inclusion test) scrves 2s & pure measure of unconscious
Influcaces if it s admitted that an indircct test does not do sa.

Peciups.the strongest argument for independence comes
from the data, Experiments 24 revealed that dividing stten.
tion left the contribution of unconscious' perception to perfor-
magee unchanged, Similar findings of invariance have beea
reported in studies of memory (Jacoby et al,, 1993; Jeanings &
Jacoby, 1993). Two points should be made about these results,
Fnﬁ.ifcmdommdunmmdmpmmmlry
redundant, findings of invariznee gained by mistakenly assum-
ing independence could occur only by chance and should be
difficalt to replicate. It strains credibility that, given their
uumber, our findings of imvariznce are happy sccidents.
Second, we emphasize the fact that the variables {c.g., atten-
tion) for which we have found invariance in our estimates of
the unconscious component are ones that have been classically
associated with avtonatic processing, These invariances would
not be found if the inclusion condition were used as 2 pure
measure of unconscious perception.

What if the truth {ies someplace between the redundancy
mode] and the independence model? That is, what if conscious
and uncoascious influcnces are correlated hut the correlation
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is not a perfect one? [f the (wo arc correlated, our estimate of
conscious perception would be unaffected. That this is true is
mast casily understood by considering the cquations for the
inclusion and exelusion test conditions. Adding a term to cach
of those equations to represent the comelation between
conscicus and unconscious influences would simply result in
that term being subtracted out whean conscigus perception wus
estimated. By contrast, aoy correlation between conscious and
unconsciqus influcaces would bias estimates of uncoascious
perception. If there are oecasions when stimuli are processed
consciously in the absence of concurrent uncoassious process-
ing, the redundancy model will overcstimate the lewel of
uncoascions: perception. Such overestimation has been the
reason for rejecting supposed demonstrations of unconscious
perception that rely on performance an indirect tests and
scems evea more Likely when a direct test of perception is used.
By coatrast, reliance on the independence mode! witl underes-
timate unconscious influcnces to the extent that conscious and
unconscious perception are correlated, Thus, the indepen-
deace model generates estimates that are more conservative
thmtboscgainadbyrdyhgonthcmdundancymdd.nc
ﬁndingsofinﬂrianccmbctakmasshawingthatmy
correlation between conscions and unconscious influcnces is
not large. Furthermore, given a choice betweea underestimat.
ing or overestimating unconscious influences, we would prefer
the former on the same grounds that a Type IT emor is
prcfmcdomn‘_l&peleumwhenhypothﬁsmﬁng:&ﬂum
ta find “peal” effects arc generally considered to be of less cost
than is treating *null™ cffects as real ones. Because of its
controversial nature, this is especially true in the case of
unconscious perception.

Perception, Memory, and Behavior

Umnsdouspucepﬁoumybebmuutaduammbcmf
& larger class of phenomena, all of which reflect automaticity,
The notion of autonraticity sounds much more fanocuous than
docs that of unconscious perception. Even critics grant a role
for automaticity or habit in the foum of eifects oa performance
withoutmreuaofthemofthoseeﬁcds(e.g..&ﬂsen.

without the intervention of conscigus intention (however, sce
Jacoby et al., 1992). We contend that, under the right stimulus
conditions, cven » single prior presentation of an jtem can
produce what is, in effect, a habit (i.c., an automatic influeice
of perception or of memory; Jacoby etal, 1992),

Although the cffects of brief visual presentations have been
given great prominence, they are probably less common than
atteational factors as causes of unconscious influences that are
unaccompanicd by conscious perception. As described carlier,
dividing attention during the occurrence of an cvent <an
produce results that are similar to those produccd by brief
visual prescatations (Joordens & Merilde, 1992). Indeed,
much larger unconscious influences can probably be produced
bty manipulations of attentioa than by Hashing items for 2 brief
duration. When attention is focused on attaining 3 high-level
goal, lower level processes that support that goal may be
carried out fargely without awareness (Neumann, 1984). That

is, a5 long as the high-level intention is being actualized, the
lower level processes that enable it are fargely automatic. One
implication of these ideas is that people are especially suscep.
tible 1o unconscious influences when they are “in flow™ and so
are not analytically monitoring sources of influcace (<L, Jacoby
<t al, 1992, Wicklund, 1986). This highlights the pasitive
nature of unconscious proc:ssing; automatic uses of memory
(skills) and of perception (cavironment) are essential for
expert performance. :

Although a useful tool, there really is nothing special abgut
preseating items in perceptually difficult Ways such as briefly
flashing an item. Indeed, the overemphasis on “hidden™
presentation of messages might have obscured much more
important effects of attention. For cample, consider the
controversy surrounding the effects of subliminal “backmasked™
faessages that are supposedly embedded in some rock music
(Vokey & Read, 1985). There may be more to fear from
supraliminal messages in “background musie” than fom any
subliminal messages hidden in that music, The backgrounding
of music, akin to dividing attenticn, may maks gne more open
to the lyrics a3 a source of unconscious Influences snd.
persuasion. The human race may have more to fear from the {11
cffects of “backgrounding® than thoss of "

chudleu,it'nmepbm‘bnityotunmmdompquptbu
thathzsmpmmdthchypctson'sinmnemntorthn
interest i the fear that unconscious peresption techniques can
be used to gain control over thought and behavior, Much of the
work of experimental psychologists kas been afmed at counter-
ing seasationalistic claims about the effects of unconscious
pcxmpdon.We,mo,givelitﬂcuadibﬂitymwchdﬁms.
However, we agrec with the layperson that the fssue of control
of thought and behavior is the real reason for interest In
unconscious perception. The process-dissaciation procedure
ceaters oa that issue. By cmphasizing the question of control,
wcpmvidcammmofcomdonspuoepdonthnhu
important advantages over the direct tests of awareness that
have traditionally been usad,

For unconscious perception, what we find exciting is that our
change in strategy opens l.hewaytogobqnudmcmpum
demonstrats the existence of unconscious influcnces by aflow-
ing us to explore factors that affect their magnitude. What is
the difference between the structures and processes underty-
ing conscious and unconscious perception? Why does divided
attention reduce conscious perception while leaving uncon-
scious perception invariant? We cannot yet fully answer these
questions, but by providing a means of scparating conscious
and unconscious influences, we hope to have placed the
answers to such questions within reach,
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Abstract

In three experiments, the process-dissociation procedure
was used to estimate the contribution of conscious and uncon-
scious perception to performance on a stem-completion task.
Increasing delay or changing the visual similarity between a
briefly flashed word and a test of stem completion reduced
estimates of unconscious perception while those of conscious
perception remained intact. These experiments complement
those of Debner and Jacoby (1994) in which estimates of con-
scious perception were reduced while estimates of unconscious
perception remained intact. Such results support the assump-
tion that conscious and uncbnscious processes provide indepen-
dent contributions to performance (Debner & Jacoby, 1994;
Jacoby, Toth & Yonelinas, 1993). Discussion focuses on the
relation between variables affecting each perceptual process
énd prior theorizing with respect to direct and indirect tests
of perception and memory. The data are interpreted within a
theoretical framework based on conscious and unconscious

retrieval of prior processing episodes.
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One of the most controversial areas of study in the past
century has been that of unconscious perception. Ironically,
the controversy derives from a more fundamental problem:
defining conscious perception. While some researchers (e.qg.,
Sidis, 1898/1973) have chosen to define conscious perception
in subjective terms (e.g., the point where subjects claim they
can no longer perceive a stimulus), others (e.g., Eriksen,
1360) have chosen more objective definitions (e.g. the point
where detection performance is no longer above chance). Not
surprisingly, one often finds dramatically different patterns
of results depending on the particular definition chosen
(Adams, 1957; Cheesman & Merikle, 1986; Eriksen, 1960;
Reingold & Merikle, 1990).

Forster, Booker, Schacter and Davis (1990) used a stem—
completion paradigm to examine effects of unconscious percep-
tion. Subjects were given word stems and told to complete
them with the first word that came to mind. Prior to
presentation of the stem to solve, however, a word was flashed
for a brief duration. On some trials, this word was a comple-
tion to the stem, on other occasions it was an unrelated word
(i.e., baseline). Forster et al. found that flashing a solu-
tion greatly increased its likelihood of being given as a
response compared to baseline. They claimed that this facili-
tation was due to unconscious processing of the flashed words.
This claim was based on the fact that subjects could not iden-

tify the words when flashed. However, this logic does not
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satisfy the critics. In this paradigm, a "facilitation"
paradigm, conscious perception of the flashed words would pro-
duce the same effects as unconscious perception: both would
increase the likelihood that the flashed solution would be
given as a response. In fact, whenever a facilitation
paradigm is used, no conclusion can be drawn as to which per-
ceptual process is responsible for the observed effects.

Unconscious Perception and the Process—Dissociation Procedure

Using the same stem-completion paradigm, Debner and
Jacoby (1994) reported a procedure that overcame these inter-
pretational problems. Here I briefly describe the procedure
used by Debner and Jacoby. Those who want more detail about
the procedure and/or the results should consult the original
paper.

To make interpretation of the results clear—cut, Debner
and Jacoby (1994) placed effects of conscious and unconscious
perception in opposition. Instead of instructing subjects to
complete stems with the first completion that camé to mind,
they instructed subjects not to complete stems with the
flashed words. When viewing conditions were made difficult
(e.g, brief durations, divided attention), responding with the
flashed word in this "exclusion® test condition was above
baseline. That is, even though instructed not to complete the
stems with the flashed solution, subjects did so more oftan
than baseline. It was not that subjects disregarded the in-

structions; those same subjects performed exactly as in-
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structed (i.e. rarely gave flashed solutions as completions)
when the flashed solution was more visible (e.g, long dura-
tion, full attention). With exclusion instructions, conscious
perception cannot be invoked as an explanation for the in-
creased usage of the flashed word; the effect of conscious
perception was to drive performance below baseline. Thus,
performance in the exclusion test condition provided un-
ambiguous evidence for the existence of unconscious percep-
tion.

Besides demonstrating the existence of unconscious per-
ception, Debner and Jacoby (1994) also reported a procedure,
the process—-dissociation procedure, for estimating the contri-
bution of conscious and unconscious perception to performance.
On the exclusion test, awareness of the presentation of a
flashed word resulted in its being withheld as a response;
conscious perception offset the influences of unconscious per-
ception. More formally, a flashed word should be given as a
completion in an exclusion condition only if uncohscious per-
ception is sufficient for its being given as a response (U)
and the word is not consciously perce:ived (1-C):

Exclusion = U(1-C). (1)

To estimate the contribution of unconscious and conscious
perception to performance, Debner and Jacoby (1994) compared
performance on an exclusion test with that of an inclusion
test. For the inclusion test, subjects were instructed to

complete stems with flashed words or, if they did not see the
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flashed word, to complete stems with the first appropriate
word that came to mind. ©Notice that for the inclusion condi-
tion conscious perception acts in concert with unconscious
perception, just as in facilitation paradigms (e.g., Forster
et al., 1990). A stem could be completed with a flashed word
either because the subject consciously perceived the flashed
word (C), or, in the absence of conscious perception (1-C) be-
cause effects of unconscious perception (U) were sufficient
: for‘the flashed word to be given as a completion:
Inclusion = C + U(1-C). (2)

Given these two conditions, the probability of conscious
perception (C) can be estimated as:

C = Inclusion - Exclusion. (3)

Once an estimate of the contribution from conscious per-
ception (C) has been obtained, that of unconscious perception
(U) can be estimated by means of simple algebra. The easiest
way to do this is by dividing "Exclusion" by the estimated
probability of a failure in conscious perception (1-C).
Hence:

U = Exclusion/ (1-C). (4)

Dissociations of Conscious and Unconscious Influences

A strong assumption embodied in the previous equations is
that effects of unconscious perception are independent of
those of conscious perception. Therefore, it should be pos-
sible to find factors that influence the likelihood of one

process, but leave the other process unchanged. In fact,
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several investigations of memory and perception have utilized
the process-dissociation procedure to reveal dissociations be-
tween estimates of conscious and unconscious influences.

Most relevantly, Debner and Jacoby (1994) illustrated
that dividing attention to a briefly presented word impaired
conscious perception of those words, but left effects of un-
conscious perception intact. Jacoby and colleagues have also
shown that attention, levels of processing, and aging produce
dissociations of recollection and automatic influences of
memory similar to those reported by Debner and Jacoby (Jacoby
& Hay, 1993; Jacoby, Toth & Yonelinas, 1993; Jennings &
Jacoby, 1993; Toth, Reingold & Jacoby, 1994). Taken together,
these results go far toward justifying the assumption that
conscious and unconscious processes are independent; across
several different situations, consciously-controlled in-
fluences were shown to be impaired, but unconscious influences
remained invariant (Jacoby, Yonelinas & Jennings, in press).
The present experiments served two purposes: 1) to provide ad-
ditional support for the independence assumption by
demonstrating changes in estimates of unconscious perception
while leaving estimates o% conscious perception unchanged and
2} to extend what is known about the processes of conscious
and unconscious perception. All of the experiments reported
here used the same general procedure as Debner and Jacoby
(1994) in which each trial involved a briefly flashed word

followed immediately by a stem-completion task. This task al-
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lowed assessment of conscious and unconscious perception of
the flashed word based on the contribution of each of those
processes to performance.
Experiments la and lb

Experiments la and 1lb were designed to produce process
dissociations through manipulation of the interstimulus inter-
val (ISI) between the target word and onset of the stem.
Automatic effects of unconscious perception may be limited to,
or strongest for, only a very short periocd of time after en-
coding (Humphreys, Besner & Quinlan, 1988). Conscious percep-
tion on the other hand may be capable of producing relatively
longer~lasting effects. Evidence supporting this hypothesis
has been observed in a few instances (Chalfonte, 1989; Forster
& Davis, 1984; Forster et al., 1990; Humphreys et al., 1988).
Chalfonte (1989), for example, found anagram solution times to
be facilitated by prior presentation of the solution below
subjective threshold but only for very short ISIs (100 ms).
Yet, for anagram solutions presented above subjective
threshold, there was substantial and equal facilitation for
all ISIs examined (up to 5000 ms). Similarly, Forster and
Davis (1984) showed that lexical decision times to a target
word were speeded by a masked presentation of'the word immedi-
ately prior to lexical decision. No evidence for facilitation
was obtained, however, when a lag of 9 s (which also included

17 additional stimuli) was instantiated.
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In the following two experiments, the process-
dissociation procedure was used to obtain separate estimates
of the contribution of conscious and unconscious perception to
stem completion performance across different ISIs. Experi-
ments la and 1lb were identical except that in Experiment la
all stimuli appeared in upper case whereas in Experiment 1b
all stimuli appeared in lower case.

Method

Subjects. In Experiment la, 25 subjects enrolled in an
introductory psychology course at McMaster University partici-
pated for course credit. Data from 1 subject were discarded
because of a failure to follow instructions. In Experiment
1b, an additional 19 subjects participated. Data from 1 sub-
ject were discarded for failure to follow instructions. Data
from two other subjects were discarded because they deviated
from mean performance by more than 4 standard deviations.

Materials_and Design. Each test trial was made up of
three words presented in succession, followed by a three-
letter word stem. The first and third words acted as forward
and backward masks for the second word. As this procedure
made a sort of "sandwich", the second item will be called the
"sandwiched item® throughouf the rest of the paper. ‘Word
stems were produced by replacing the last two letters of a
five-letter target word (e.g., table) with underscores (e.q.,

tab_ ). Besides the target completion, all of the word stems
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had at least one other five-letter completion (e.g., tab -
tabby or taboo).

Two different types of trials were produced by manipula-
tion of the sandwiched item in the sequence: 1) match trials,
where the sandwiched item was the target completion for that
word stem (i.e., "table" for the stem tab ); 2) nonmatch tri-
als, where the sandwiched word did not complete the stem
(e.g., "cluck" for the stem tab }.

A pool of 128 different multiple~completion, three-letter
word stems were used in the experiment. From this pool, eight
sets of 16 stems were created, each set equated on the prob-
ability of a stem being completed with its target. In addi-
tion to the word stems, 320 five-letter words were used as
pre- and post-masks, and as sandwiched words for nonmatch tri-
als.

The design incorporated two blocks of 64 trials. These
blocks corresponded to the two instructional cond;tions {in-
clusion vs. exclusion). Each block contained 16 trials of
each combination of trial type (match vs nonmatch) and ISI (1
S vs 6 s). Trials were ordered such that 8 trials of the same
ISI (4 match and 4 nonmatch) appeared in a row. Thus, each
64-trial biock was composed of 8 groups of 8 trials, each
group alternating-between the 1 s ISI and the 6 s ISI. The 4
match and 4 nonmatch trials composing each group of 8 trials
were ordered randomly, with the restriction that there be

equal numbers of match and nonmatch trials in the initial
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position of each group. Rotating the words through all pos-
sible combination of conditions produced eight different test
formats.

An additional 32 three-letter stems were used on practice
trials. These practice trials required 80 five-letter words
for pre- and post-masks, and sandwiched items. Sixteen prac-
tice trials (4 match and 4 nonmatch at each ISI) were placed
at the beginning of each test block. Hence, there were 80
trials in each test block which yielded a total test length of
160 trials. 1In Experiment la, stimuli were presented in upper
case, whereas in Experiment 1b, stimuli were presented in
lower case.

For purposes of a secondary summation task to be de-
scribed later, pairs of digits were placed on either side of
the sandwiched word (e.g., 4 scalp 5) and the word stem (e.qg.,
3 sca__ 4). Digits from 1 to 9 were paired so as to produce
sums ranging between 5 and 12. The sums were chqsen randomly
with the exception that identical digits could not flank the
same stimulus (i.e., if the sum was 10, the flanking digits
could not be S5 and 5).

Procedure. The experiment was programmed using the soft-
ware package Micro Experimental Laboratory (Schneider, 1990).
All stimuli were presented by means of an IBM-compatible com-—
puter interfaced with a VGA color monitor. Stimuli appeared

as white letters on a black background. The character size of
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the stimuli was approximately 2.5 x 4 mm. The subjects were
seated approximately 45-55 cm from the screen.

Experimental trials consisted of the following sequence
of events: 1) presentation of a fixation point for 1 s; 2)
presentation of a premasking word for 500 ms; 3) presentation
of the sandwiched word flanked by digits for 100 ms; 4)
presentation of a postmasking word for 300 ms; 5) a delay of
500 ms (1 s ISI) or 5500 ms (6 s ISI) in which the screen was
blank; and 6) presentation of a word stem flanked by digits.
All events occurred in the same location on the screen.

The experiment was conducted in two blocks. BAll subjects
received exclusion instructions for the first block and then
inclusion instructions for the second block. Subjects were
informed that they would be shown the first three letters of a
word (i.e., a word stem) and asked to generate a five-letter
completion {(without using names or plurals). They were also
told that, prior to the appearance of the word stem, a se-
quence of three words would be flashed briefly oh the screen
and that the middle word of this sequence would sometimes be a
completion to the stem. Exclusion instructions stressed that

the stem should not be completed with the sandwiched word.

Thus, if the sandwiched word was a completion to the stem they
were to respond with an alternative completion. In contrast,

inclusion instructions emphasized that the stem should be com-
| pleted with the sandwiched word if it was appropriate (i.e., a

match trial). In both test conditions, subjects were told
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that if the sandwiched word was not a completion for the stem,
or if they did not see the sandwiched word, then they should
respond with the first completion that came to mind. Subjects
were also informed that the interval between the flashed words
and the stem would vary, alternating between groups of short
intervals and groups of long intervals. Before the start of
each block, subjects were asked to repeat the instructions so
as to insure that the instructions were clearly understood.

On each trial subjects also performed a secondary task
prior to completing the yord stem. This task consisted of
reporting the sum of the two digits that flanked the sand-
wiched word (Wolford & Morrison, 1980). Such a "divided at-
tention®™ task was necessary in order to keep overall per-
formance at a reasonable level (Debner & Jacoby, 1994). Sub-
jects reported the sum as soon as the stem appeared on the
screen and then attempted to solve the stem. Feedback was
given when errors were made on the secondary summation task.
Responding on both the summation task and the steﬁ completion
task was verbal. Subjects had a total of 7.5 s to perform
both tasks.

For all experiments, analyses were performed on the prob-
ability of completing stems with their target completion and,
unless otherwise specified, the significance level for all
tests was set at p < ,05. Data from nonmatch and match trials

were analyzed separately.
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Results: Experiment l1a

Errors on the secondary task were minimal. Overall, sub-
jects averaged 3.5% error on the summation task which is con-
sistent with results from previous experiments. For example,
Debner and Jacoby (Experiment 3, 1994) reported an error rate
of 3.4% for the divided attention condition.

The mean probability of responding with a target word on
nonmatch trials under inclusion instructions was .29 and .27
for 1 s and 6 s ISIs, respectively. Given exclusion instruc-
tions, those same probabilities were .31 and .26, respective-
ly. Data from nonmatch trials were analyzed in a 2 x 2 ANOVA
which included the within-subject factors of ISI (1 s vs 6 s)
and instruction (inclusion vs exclusion). Results revealed no
reliable differences between conditions. The mean of the non-
match trials (.28) was taken as the "baseline" probability for
giving the target word as a completion and was used for com-
parison with match trials.

Table 1 shows the completion data from matcﬂ trials as
well as the estimates of consciocus and unconscious perception
derived from the match trials. 1In the inclusion condition,
subjects were much more likely to complete stems with the
target completions compared to baseline. This was true for
both the 1 s ISI (.65 vs .28) and the 6 s ISI (.52 vs .28).
T-tests showed both increases to be reliable, t(23) = 9.09, SE
= .04, and £(23) = 6.08, SE = .04, respectively. These

results are not surprising; one would likely interpret such
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results as evidence that subjects were consciously perceiving
the flashed words (Eriksen, 1960). Nevertheless, results from
this condition cannot be interpreted as arising solely from
conscious perception (Debner & Jacoby, 1994). It is quite
possible that the effects were due to unconscious influences

of the flashed word.

Insert Table 1 about here

The exclusion test condition provides evidence that un-
conscious perception did in fact contribute to performance. In
that condition, the probability of completing a stem with the
target word was also found to be reliably above baseline even
though subjects were instructed not to complete stems with the
flashed completion. Again, this pattern was found for both
the 1 s ISI (.44 vs .28) and the 6 s ISI (.37 vs .28), t(23) =
5.22, SE = .03 and t(23) = 2.76, SE = .03, respectively.

The results produced in the inclusion and e#clusion con-
ditions could not be due to conscious perception alone. If
performance in the inclusion condition had been driven solely
by conscious perception, then consciously perceived items
would have been withheld in the exclusion condition and per-
formance would have been below, not above, baseline (Debner &
Jacoby, 1994). Thus, the finding of above-baseline per-
formance in the exclusion condition provides solid evidence

for unconscious perception. Yet, some conscious perception of
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the flashed words must have taken place because inclusion test
periormance was higher than exclusion test performance. Had
conscious perception been fully eliminated, subjects would not
have been able to respond differentially on the two tests.

Estimates of conscious and unconscious perception. The

process—dissociation procedure was used to estimate the sepa-
rate contributions of conscious and unconscious perception to
performance. Estimates of the two processes were computed for
each subject using Equations 3 and 4 along with performance on
match trials in inclusion and exclusion test conditions. The
mean estimates of conscious and unconscious perception for all
subjects appear in Table 1. Separate ANOVAs were carried out
on each set of estimates to examine the effects of ISI. Anal-~
ysis of the estimates of unconscious perception revealed a
reliable effect of ISI, F(1,23) = 10.83, MSe = .0l1. When the
stem appeared after a 1 s delay, effects of unconscious per-
ception were much higher than when the delay was lengthened to
6 s (Ms = .58 and .46, respectively). 1In contraét, analysis
of the effect of ISI on estimates of conscious perception was
not significant, F(1,23) = 1.01, MSe = .04. The contribution
of conscious perception to performance remained intact as the
ISI was increased from 1 s to 6 s (Ms = .20 and .15, respec-
tively).
Results: Experiment 1b

Subjects made very few errors on the secondary task,

averaging 3.6% errors. This error rate was comparable to that
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of Experiment la and previous experiments (Debner & Jacoby,
1994) .

For the inclusion condition, the mean probability of
responding with a target word on nonmatch trials was .31 and
.30 for 1 s and 6 s ISIs, respectively. Those same probabil-
ities for the exclusion condition were .31 and .31, respec-
tively. Results of a 2 x 2 ANOVA with within-subject factors
of ISI and instruction revealed no reliable effects. The mean
of the nonmatch trials (.31) was taken as the "baseline" prob-—
ability for giving the target word as a completion and was
used for comparison with match trials.

Table 2 shows the completion data from match trials. As
in Experiment la, the probability of completing a stem with
the target word in the inclusion condition was significantly
higher than baseline (.31). This pattern was found at both
the 1 s ISI (.71 vs .31) and the 6 s ISI (.58 vs .31), t(15)
= 9.62, SE = .04, and t(15) = 7.04, SE = .04, respectively.

Importantly, the same pattern of results was found on the
exclusion test. For both ISIs, target words were given as
completions on the exclusion test more often than baseline.
T-tests indicated these increases above baseline to be sig-
nificant. For.the 1l s ISI (.46 vs .31), £(15) = 2.87, SE =

.05, and for the 6-s ISI (.37 vs .31), £(15) = 2.15, SE = .03.

Insert Table 2 about here
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Estimates of conscious and unconscious perception.

Estimates of conscious and unconscious processes were computed
for each subject as in Experiment la. The mean estimates of
conscious and unconscious perception for all subjects appear
in Table 2. A one-way ANOVA on the estimates of unconscious
perception revealed a reliable effect of ISI, F(1,15) = 12.65,
MSe = .01, Effects of unconscious perception were much higher
when the delay was 1 s (M = .64) compared to when the delay
was 6 s (M = .49). In contrast, the same analysis on the
estimates of conscious perception revealed no reliable effects
cf ISI, F(1,15) = 0.61, MSe = .01. The contribution of con-
scious perception to performance remained intact as the ISI
was increased from 1 s to 6 s (Ms = .24 and .21, respective-
ly).
Discussion

Experiments la and 1lb revealed important dissociations
betweén conscious and unconscious perceptual processes. AS
ISI increased from 1 s to 6 s, the contribution Qf conscious
perception to performance remained invariant although the con-
tribution of the unconscious component declined. Previously,
I reported a manipulation (divided attention) that produced
large effects on the contribution of conscious perception to
performance while leaving that of unconscious perception un-
changed (Debner & Jacoby, 1994). The data from the current
experiments demonstrate that it is possible to obtain the op-

posite dissociation as well. Such dissociations provide
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strong support for the assumption that conscious and uncon-
scious processes operate independently.

The effects of ISI revealed in these experiments are con-
sistent with findings from previous research examining
temporal effects of masked targets (e.g., Chalfonte, 1989;
Forster & Davis, 1984). 1In all cases, increasing the ISI be-
tween the masked study word and test stimulus decreased the
effect a masked study word had on performance. The present
experiments suggest that such effects are caused by declining
effects of unconscious perception over time. At some point,
of course, both conscious and unconscious perception must be
affected by manipulations of ISI. However, at longer delays,
any effects seen on the conscious component might be more ap-
propriately attributed to forgetting rather than to a failure
in conscious perception. 1In fact, the slight {nonsignificant)
decrease in estimates of conscious perception seen in Experi-
ments la and 1lb may have resulted from such factors.

As will be elaborated in. the General Discussion, the
decline of unconscious perception across time is attributed to
the contextual sensitivity of unconscious processes. The idea
that a temporal delay may be associated with contextual
changes is not a novel proposition within psychology. Indeed,
such a "contextual drift" account has been incorporated into
explanations of short-term memory effects and negative priming
effects (Gorfein, 1987; Gorfein & Schulze, 1975; Neill.

Valdes, Terry & Gorfein, 1992).
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To assess the contextual sensitivity hypothesis more
directly, in the second experiment I manipulated perceptual
similarity between study and test. Based on Experiments la
and 1b, it was expected that the greater the visual similarity
between study and test, the higher the contribution of uncon-
scious perception to performance. Conscious processes, on the
other hand, should be more resistant to minor perceptual
changes. Thus, manipulation of perceptual similarity should
produce a process dissociation identical to the one found in
the first two experiments.

Experiment 2

Performance on memory tests is often enhanced by a match
between study and test conditions. Roediger and Blaxton
(1987), for instance, found that word fregments were completed
with previously-studied completions at a higher rate when
typography was kept constant between study and test as opposed
to when typography was changed. Also, the influence of
specific visual features appears to be dependent bn the type
of test (Madigan, McDowd & Murphy, 1991; Roediger & McDermott,
1993). Indirect tests of memory (e.g., fragment-completion)
have generally shown more sensitivity to manipulations of per-
ceptual characteristics than direct tests (e.g., cued recall;
Allen & Jacoby, 1990; Roediger, Weldon & Challis, 1989). In-
direct tests on which effects of typography have been
demonstrated include rereading normal and inverted sentences

(Jacoby, Levy & Steinbach, 1992; Kolers, Palef & Stelmach,



Debner Unconscious perception

47

1980), semantic comparison (Woltz, 1990}, perceptual identi-

fication (Jacoby & Hayman, 1987) and word-fragment completion

{(Roediger & Blaxton, 1987).

Although indirect tests often reflect a mix of conscious
and unconscious processes (Jacoby, 1991; Reingold & Merikle,
1990; Richardson-Klavehn & Bjork, 1988), the consensus is that
they primarily reflect unconscious processing. If the con~
sensus opinion is correct, then visual similarity effects
probably operate via unconscious processing. Indeed, Jacoby
et al. (1993) used the process-dissociation procedure to
reveal an effect of visual similarity on automatic influences
of memory. My contention is that unconscious processes of
memory and perception reflect the operation of similar pro-
cesses (Debner & Jacoby, 1994; Jacoby, Toth, Lindsay & Debner,
1992). On this assumption, the effect of perceptual charac-
teristics found for automatic influences of memory in stem
completion should also apply in a perceptual paradigm. The
manipulation of visual similarity employed in Exﬁeriment 2 in-
volved typecase: sandwiched words were presentediin either up-
per or lower case followed by word stems printed in either the
same or different case.

Method

Subjects. Thirty-four subjects enrolled in an intro-
ductory psychology course at McMaster University served in the

experiment for course credit. Subjects were tested individu-
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ally. Data from 2 subjects were discarded because those sub-
jects failed to follow instructions.

Materials and Design. The materials were identical to

those of the first two experiments. The design incorporated
two blocks of 64 trials each. These blocks corresponded to
the two instructional conditions (inclusion vs. exclusion).
Each block consisted of 16 trials of each combination of trial
type (match vs nonmatch) and the wvisual similarity between the
sandwiched word and the stem (same case vs different case).
Trials were ordered randomly within each of the two test
blocks. As a counterbalancing measure, half of the subjects
were shown the "word sandwich" in lower case while the other
half received upper case.

Sixteen practice trials were given at the start of each
test block just as in the first two experiments.

Procedure. The experimental apparatus was the same as in
Experiments la and 1b. Experimental trials consisted of the
following sequence of events: 1) presentation of.a fixation
point for 1 s; 2) presentation of a premasking word for 500
ms; 3) presentation of the sandwiched word flanked by digits
for 100 ms; 4) presentation of a postmasking word for 500 ms;
5) a delay of 500 ms in which the screen was blank; and 6)
presentation of a word stem flanked by digits. The word stem
appeared either in the same case or a different case as the

sandwiched word. All events occurred in the same location on
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the screen. Subjects performed the secondary task and
responded as described in the first two experiments.

Results and Discussion

Errors on the secondary task were minimal. The overall
error rate for this experiment was 3.2%, comparable to all
previous experiments using these conditions.

The mean probabilities of responding with a target word
on nonmatch trials given inclusion instructions were .31 when
the stem was presented in the same case as the flashed word
and .34 when the stem was presented in a different case. Un-
der exclusion instructions those same probabilities were .32
and .33. Data from nonmatch trials were analyzed in a 2 x 2
ANOVA with within-subject factors of visual similarity (same
vs different) and instruction (inclusion vs exclusion).
Results from that analysis revealed no significant effects.
The mean of the nonmatch trials (.32) was taken as the
"baseline® probability for giving the target word as a comple-
tion and was used for comparison with match triais.

Table 3 summarizes the completion data from match trials.
When given inclusion instructions, subjects produced target
completions at a rate much higher than baseline (.32)}. This
was true regardless of whether the typecase was kept constant
between study. and test (.70 vs .32), t£{(31) = 12.38, SE = .03,
or was different between study and test (.62 vs ,32), £(31) =
8.75, SE = .03. The same pattern of responding was found on

the exclusion test. Target completions were given reliably
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more often than baseline when the typecase was the same (.48

vs .32), £(31) = 3.98, SE = .04 and also when the typecase was

different (.40 vs .32) £{(31), = 2.23, SE = .03.

Insert Table 3 about here

Estimates of conscious and unconscious perception.

Estimates of the contribution of conscious and unconscious
perception to performance were computed for each subject as in
the previous experiments. The mean estimates of conscious and
unconscious perception for all subjects are presented in Table
3. Separate ANOVAs were carried out on each set of estimates
to examine the effects of visual similarity. For the
estimates of unconscious perception, there was a significant
effect of visual similarity, F(1,31) = 16.07, MSe = .0l. When
the sandwiched word and the stem appeared in the same visual
format, effects of unconscious perception were higher than
when they appeared in different formats (Ms = .63 and .52,
respectively). For estimates of conscious perception, no ef-
fect of visual similarity was obtained, F(1,31) = 0.15, MSe =
.01. The contribution of conscious perception to performance
was identical whether the visual format was the same or dif-
ferent (Ms = .23 for both).
General Discussion
The results from these three experiments provide converg-

ing evidence for the assumption of independence adopted in the
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process-dissociation procedure. Across two different
manipulations, the contribution of conscious perception to
stem-completion performance remained stable, while that of un-
conscious perception decreased significantly. These dissocia-
tions complement other dissociations demonstrating dramatic
reductions in estimates of conscious perception coupled with
invariance in estimates of unconscious perception (Debner &
Jacoby, 1994). Further, results from these perception experi-
ments parallel those from memory experiments which exhibit
process dissociations between consciously-controlled and auto-
matic influences of memory (Jacoby, 1991; Jacoby et al., 1993;
Jacoby, Yonelinas & Jennings, in press; Jennings & Jacoby,
1993; Toth et al., 1994).

The present experiments illustrated that unconscious per-
ceptual effects decreased rapidly (Experiment 1) and were
sensitive to subtle changes in visual detail from study to
test (Experiment 2)}. The conclusion drawn from these studies
is that effects of unconscious perception are fragile in com-
parison to effects of conscious perception which remained re-
markably stable across these same manipulations. Yet,
manipulations of attention have been shown to have an opposite
effect on the two processes: dividing attention radically
reduces the contrihution of cqnscious perception to per-
formance but leaves effects of unconscious perception‘un-

changed (Debner & Jacoby, 1994),



Debner Unconscious perception
52
These findings corroborate previous research in the
memory area indicating that perceptual variables (e.g.,
typography) have effects on indirect tests but little or no
effect on direct tests (Roediger & McDermott, 1993). Atten-
tional variables, by contrast, historically have been associa-
ted with conscious processes and not automatic, unconscious
processes. Indeed, the hallmark of an automatic process is
that it can be carried oﬁt regardless of other attentional
demands (Hasher & Zacks, 1979; Posner & Snyder, 1975). Thus,
perceptual variables affect automatic processes and atten-
tional variables affect consciously-controlled processes.
This observation, along with the fact that manipulation of
these variables consistently produces invariances, lends
credence to the assumption that conscious and unconscious pro-
cesses are independent.

Logogens vs. Episodes. By showing declining effects over

time (Experiments la and lb), some (e.g., Morton, 1969) might
claim that unconscious perception reflects the activation of
an abstract lexical representation (i.e., logogen). As time
passes, the activation level of the logogen decays and the
prior presentation of the solution becomes less influential.
The data from Experiments la and 1b are consistent with such
an interpretation. By contrast, the failure to find effects
on the conscious percepiual component causes problems for a
logogen model. One has to explain how conscious perception

(generated from activation levels reaching some threshold?)}
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could remain constant over the same interval in which uncon-
scious perception declines. It is possible to get around this
problem by proposing a separate system/process (conscious per-—
ception) that is initiated after the logogen has reached some
threshold. This type of model represents a redundancy rela-
tion between conscious and unconscious perception; conscious
perception only takes place when unconscious perception has
occurred. Redundancy models of the relation between conscious
and unconscious processes have been called into gquestion pre-
viously and so will not be discussed here (Jacoby et al.,
1993; Jacoby, Toth, Yonelinas & Debner, in press).

Further difficulties for the logogen hypothesis are
caused by Experiment 2 where a change in typecase produced a
reduction in estimates of the unconscious component but not
the conscious component. The effect of typecase on uncon-
scious perception makes a strict logogen hypothesis untenable:
logogens are abstract representations and therefore should be
indifferent to small changes in visual detail such as
typecase. The results from Experiment 2 indicate that
whatever the representation is that is activated by the
flashed word, it must be sensitive to perceptual features.
Thus, to account for these data one must propose thét logogens
(or whatever representations are activated) do in fact encode
perceptual information, or, that a separate mechanism is
responsible for the typecase effects. Of course, the absence

of typecase effects on the conscious component are again prob-
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lematic. All in all, while an abstractionist account is not
ruled out, it would have to be made overly complex in order to
handle all of the data.

Suppose instead that the uptake of information from the
environment is akin to what Marcel (1983b) described as "a
nondisjointed flow (it does not segment into events, objects,
episodes); it codes all aspects of what impinges at every
level and in every code with which the organism is
equipped..." (p. 243). By my view, conscious and unconscious
perceptual processes operate on this flow of information in
qualitatively different, independent ways. Conscious percep-
tion may result from "imposition of a particular segmentation
and structure on what is otherwise unsegmented...™ (p. 243).
This segmentation may allow certain information to be given
special status, a status which supports selective responding.
By contrast, unconscious perception binds together "all
aspects of what impinges" so that for unconscious influences
to occur one must "get back into the flow." Subéequent pro-
cessing serves as a cue for retrieval of any prior processing
episodes that may have occurred. As a result, prior process-—
ing episodes affect current performance to the extent that
they are retrieved, retrieval being affected by the
similarity between .past and current processing (Morris, Brans-
ford & Franks, 1977).

One important difference between conscious and uncon-

scious processes concerns contextual segregation: conscious
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processes are foregrounded whereas unconscious processes are
backgrounded. That is, conscious processes isolate task-
relevant information from background context unlike uncon-
scious processes which integrate information with the back-
ground context. Given the stem completion task used here, for
example, the identity of the flashed word is relevant to per-
formance but not the case in which the word is presented.

The generation of unconscious or automatic responses may
be akin to the notion of direct parameter specification put
forth by Neumann and colleagues (e.q., Neumann, 1984, 1990;
Neumann & Klotz, in press). This mechanism allows responses
to be made automatically provided that enough parameters for
action are designated by the task {and stimuli). A parallel
can be drawn between contextual information and parameter
specification. If an unconscious processing episode is
retrieved by the stem and that episode contains sufficiently
overlapping contextual information, then a response may be
made. Thus, in the absence of consciously controlled process-
ing, actions may be guided entirely by previous experience
with the stimulus. Important to my argument, however, is the
fact that unconscious influences do not support selective
responding. Automatic responses are genérated as a result of
prior processing which may be in accord with or in oppoesition
to conscious intention (Jacoby & Hay, 1993).

An "episodic" account provides a natural explanation for

effects of typecase and ISI on estimates of unconscious per-
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ception. To the extent that the stem (and processing of it)
differs from the flashed word, then retrieval of a prior pro-
cessing episode will be less likely. This holds true for both
conscious and unconscious processes. Given that unconscious
processing of the flashed word is inextricably bound to con-
text, small changes in surface characteristics would have a
substantial effect on the contribution of unconscious percep-
tion to performance. The same may be said for temporal delay.
Unconsciously produced processing episodes are less likely to
be retrieved after a delay because of contextual changes that
may take place over the delay (Neill et al., 1992). Neverthe-
less, if conscious processes operate in such a way that ir-
relevant features are backgrounded, then conscious processes
would appear less sensitive to perceptual variables (Jacoby,
Levy & Steinbach, 1992). Furthermore, the nature of the task
is such that conscious perception of the flashed word allows
it to be kept in memory (via rehearsal) over the delay until
the stem appears. In this particular case, it is perhaps less
frequent that a consciously perceived word must be retrieved
in the true sense of the worxd. Possibly for longer delays or
with intervening items, one might find an effect of perceptual
variables on conscious perception.

A recent.proposition in the memory area emphasizes the
importance of perceptual factors during automatic retrieval of
prior episodes (Jacoby, Levy & Steinbach, 1992; Jacoby et al.,
1993; Levy, Di Persio & Hollingshead, 1992; Toth et al.,
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1994) . According to these authors, repetition effects result
from reinstatement of prior processing episodes which contain
both conceptual and perceptual information. Episodes may be
accessed directly, as in conscious recollection, or automati-
cally, as in the service of another task (Jacoby, Levy &
Steinbach, 1992). One hypothesis of the episodic view is that
automatic retrieval is more sensitive to perceptual character-
istics than is consciously-controlled access. This hypothesis
contrasts with those that have claimed perceptual sensitivity
to be limited to early stages of skill acquisition (Masson &
Freedman, 1990). To the extent that unconscious perceptual
processes can be mapped onto automatic influences of memory,
the data from the current experiments would certainly support
an episodic account.
Conclusions

A major theme of this article is that the processes of
unconscious and conscious perception act as qualitatively dif-
ferent, independent processes. . As a result, I have both here
and elsewhere {(Debner & Jacoby, 1994) demonstrated process
dissociations in which one process was reduced while the other
was left intact. This is the essence of independence. More-
over, the variables that have been shown to affect conscious
perception (a;tenp%on and duration) are ones that have classi-
cally been associated with awareness. Likewise, the argument
was made that variables which affect unconscious perception

(duration, delay and visual similarity) are also reflective of
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past theorizing on the topic of automaticity. While there is
clearly more work that needs to be done is this area, it is my
opinion that the most parsimonious account for all the data
involves an approach whereby conscious and unconscious pro-
cessing episodes are created and retrieved. Differences in
the characteristics of conscious and unconscious processes
(i.e., control, hyperspecificity) are a direct result of the

way information is stored in those episodes.
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Table 1

Experiment la. Ohserved Probabilities of Stem Completion® in

Inclusion and Exclusion Test Conditions with Estimates of Con-—

scious Perception (CP) and Unconscious Perception (UP).

Instruction Estimates

Inclusion Exclusion CP UP

1 s ISI .65 .44 .20 .58
6 s ISI .52 .37 .15 .46

Note. The baserate, derived from nonmatch trials, was .28
(see text). All stimuli in this experiment were presented in
uppercase.

4The data in this table represent mean probabilities of

responding with the target completion on match trials.
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Table 2

Experiment 1lb. Observed Probabilities of Stem Completion?® in

Inclusion and Exclusion Test Conditions with Estimates of Con-

scious Perception {CP) and Unconscious Perception (UP).

Instruction Estimates

Inclusion Exclusion CP up
1l s ISI .71 .46 .24 .64
6 s ISI .58 .37 .21 .49

Note. The baserate, derived from nonmatch trials, was .31
(see text). All stimuli in this experiment were presented
in lowercase.

4The data in this table represent mean probabilities of

responding with the target completion on match trials.
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Table 3

Experiment 2. Observed Probabilities of Stem Completion® in

Inclusion and Exclusion Test Conditions -with Estimates of Con-

scious Perception (CP) and Unconscious Perception (UP).

Instruction Estimates
Visual Similarity Inclusion Exclusion CP UpP
Same .70 .48 .23 .63

Different .62 .40 .23 .52

Note. The baserate, derived from nonmatch trials, was .32

(see text).
@The data in this table represent mean probabilities of

responding with the target completion on match trials.
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