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Using direct and indirect measures to study
perception without awareness

EYAL M. REINGOLD and PHILIP M. MERIKLE
University of Waterloo, Waterloo, Ontario, Canada

Many studies directed at demonstrating perception without awareness have relied on the dis
sociation paradigm. Although the logic underlying this paradigm is relatively straightforward,
definitive results have been elusive in the absence of any general consensus as to what consti
tutes an adequate measure of awareness. We propose an alternative approach that involves com
parisons of the relative sensitivity of comparable direct and indirect indexes of perception. The
only assumption required by the proposed approach is that the sensitivity of direct discrimina
tions to relevant conscious information is greater than or equal to the sensitivity of comparable
indirect discriminations. The proposed approach is illustrated through an evaluation of Avant
and Thieman's (1985) recent claim that an indirect measure of perception based on judgments
of apparent visual duration provides a more sensitive indicator of perception than does a direct
measure based on forced-choice recognition. Contrary to this claim, when direct and indirect in
dexes are measured under comparable conditions, an indirect measure based on judgments of
perceived duration provides a less sensitive index of perceptual processing than do comparable
direct measures. The proposed approach provides a general conceptual/methodological framework
for using the dissociation paradigm in studies directed at establishing unconscious processes.

Many studies directed at demonstrating perception

without awareness have relied on the dissociation

paradigm (see Erdelyi, 1985, 1986). The basic logic un

derlying this paradigm is that perception without aware

ness can be demonstrated via a dissociation between two

indexes of perceptual processing. One index is assumed

to indicate the availability of stimulus information to

awareness or consciousness, and the second is assumed

to indicate the availability of stimulus information, in
dependent of whether or not this information is available

to consciousness. In the frequently employed version of

the dissociation paradigm, such as the one advocated by

Holender (1986), a demonstration of perception without

awareness requires unequivocal evidence that stimulus in

formation that is completely unavailable to awareness, as

indicated by a direct measure of perception, is neverthe

less perceived and capable of influencing higher-level

decision processes, as indicated by a second, typically in

direct, index of perceptual processing.
This version of the dissociation paradigm has three

methodological requirements or criteria that must be satis

fied before perception without awareness is demonstrated.

First, an adequate direct measure of the perceptual infor-
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mation available to consciousness or awareness must be

selected. Second, this measure of conscious perceptual

experience must be shown to indicate null sensitivity. Fi

nally, given that the measure of conscious awareness in

dicates null sensitivity, the second measure of perceptual

processing must be shown to have greater thanzero sen

sitivity .
Although the logic underlying this widely used version

of the dissociation paradigm is relatively straightforward,

extensive experimental work conducted within the frame

work of this paradigm has not provided any definitive an

swers as to the validity of perception without awareness.

In fact, as indicated by Holender's (1986) recent review

and associated peer commentaries, the controversy over

perception without awareness is far from resolved. Much

of this continuing controversy centers on two method

ological requirements of the dissociation paradigm. First,

there is no general consensus as to what constitutes an

adequate direct measure of conscious perceptual aware

ness. Second, the dissociation paradigm, as it is typically

used, requires any assumed measure of conscious aware

ness to indicate null sensitivity, or, in other words, null

awareness. Given the extreme methodological difficulties

in establishing null sensitivity for any measure of percep

tion (e.g., Macmillan, 1986), it is perhaps not surprising

that most studies can be criticized for failing to demon

strate null awareness convincingly (e.g., Holender, 1986;

Merikle, 1982).
In the absence of any general agreement as to what con

stitutes an adequate measure ofconscious awareness, the

general strategy in studies of perception without aware

ness has been to select a measure ofconscious perceptual

processing that is "intuitively" reasonable. Thus, mea-
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sures as diverse as forced-choice presence-absence deci

sions (e.g., Balota, 1983; Fowler, Wolford, Slade, &
Tassinary, 1981; Marcel, 1983), forced-ehoice discrimi

nations among a small number of stimulus alternatives

(e.g., Cheesman & Merikle, 1984, 1985,1986; Purcell,

Stewart, & Stanovich, 1983), stimulus identification (e.g.,

McCauley, Parmelee, Sperber, & Carr, 1980), and even

left-right discriminations (Greenwald & Liu, 1985) have

been used to index conscious perceptual processing. The

only common characteristic shared by these various tasks

is that they provide direct measures of perceptual process

ing; that is to say, subjects are explicitly instructed to per

form the discriminations of interest. However, without

a general theoretical framework and sufficient empirical

data to guide the selection of measures, it is impossible

to know if these different measures of conscious aware

ness are either adequate or comparable (see Duncan, 1985;

Erdelyi, 1986).

Any application of the dissociation paradigm to the

study of perception without awareness is problematic un

less these issues concerning what constitutes an adequate

measure of conscious perceptual experience are resolved.

In the present paper, we propose an alternative approach

to the study of perception without awareness that we be

lieve overcomes many of the difficulties inherent in the

dissociation paradigm as it is commonly used. In partic

ular, we propose that comparisons between the relative

sensitivity of direct and indirect measures have the poten

tial to provide considerable information relevant to ques

tions concerning the relation between consciousness and

perception, if these comparisons are made under appropri

ate conditions. Accordingly, we first discuss the empiri

cal distinction between direct and indirect measures, and

then discuss assumptions concerning how direct and in

direct measures may be related to conscious and uncon

scious perceptual processes. In addition, we outline an

ideal set of methodological criteria that should be satis

fied when comparisons between direct and indirect mea

sures are made. Finally, we illustrate the proposed ap

proach by evaluating a recent claim by Avant and Thieman

(1985) that judgments of apparent visual duration provide

a sensitive indirect measure of unconscious perception.

DerIDing Direct and Indirect Measures
As a first step in comparing the relative sensitivity of

direct and indirect measures, we propose that the terms

direct and indirect should refer only to characteristics of

experimental tasks. More formally, discriminations

among a set of alternative stimulus states (e.g., SI, S2,

... Sn) should be considered a direct measure of percep

tion if the discriminative response is part of the task defi

nition, as expressed in the instructions given to the sub

jects. Conversely, if the discriminative response is not part

of the task definition, it should be considered an indirect

measure of perception. For example, consider two pos

sible tasks that measure whether or not the words in com

pound color-word stimuli (Stroop, 1935) are perceived.

If subjects are instructed to identify which word from a

known set of the words was presented, then performance

on this task would constitute a direct measure of word

perception, as the instructions explicitly require word

identification. However, if subjects are instructed to iden

tify the colors, then any effect that the words may have

on color-naming performance would constitute an indirect

measure of word perception, since the subjects are not

instructed to respond to the identity of the words.

The proposed distinction between direct and indirect

measures is entirely consistent with the manner in which

these terms have been used previously (e.g., Fowler et aI.,
1981; Humphreys, 1981; Marcel, 1983). However, what

characterizes the proposed distinction is the explicit limi

tation of the terms direct and indirect to descriptions of

experimental tasks. Thus, the proposed distinction is based

solely on empirical considerations; consequently, the

direct/indirect distinction, by itself, has no implications

as to the underlying processes that may influence perfor

mance on each type of task.

A Priori Assumptions
In the context of the dissociation paradigm, any com

parisons between direct and indirect indexes of percep

tion necessarily involve a priori assumptions concerning

how direct and indirect indexes may be related to con

scious and unconscious processes (see Erdelyi, 1985,

1986). Unfortunately, these assumptions are rarely made

explicit. Indeed, much of the long-standing controversy

over perception without awareness revolves around differ

ences in the implicit assumptions adopted by different in

vestigators (see Bowers, 1984, for a related discussion).

In this section, we initially review several approaches

which imply that conscious perception can be operation

ally defined solely in terms of the sensitivity of direct

measures of perception. We then propose an alternative

approach based on an assumption concerning the relative

sensitivity of comparable direct and indirect indexes to

conscious perceptual information.

Sensitivity of direct measures: The exclusiveness
assumption. Holender's (1986) position requires the most

stringent set of assumptions concerning how direct mea

sures of perception are related to conscious processes.

Rather than distinguishing direct and indirect indexes of

perception on the basis of task characteristics, he sug

gested that direct and indirect indexes should be distin

guished on the basis of an observer's intentions. After con

sidering a number of direct measures used to indicate

awareness-for example, forced-ehoice detection and

forced-ehoice discrimination-Holender stressed that

"one property common to all these indicators of aware

ness is that subjects make their responses intentionally.

It is fundamental that an indicator of awareness must be

intentional" (p. 51). Consequently, "any voluntary dis

criminative response that can be elicited on the basis of

the meaning of a stimulus will be considered direct evi

dence for semantic activation" (p. 1), and "direct evi

dence of semantic activation is in itself taken as evidence

for conscious identification" (p. 51). Thus, according to



Holender, all direct measures of perception are by defi

nition indexes of intentional, and therefore conscious, dis

criminations.
Although never clearly stated by Holender, it logically

follows from his position that direct measures of percep

tion exclusively index conscious perceptual processes or,

conversely, that direct measures of perception are never

influenced by unconscious perceptual processes. This ex

clusiveness assumption implies that a sufficient condition

for demonstrating perception with awareness is any evi

dence indicating that a direct measure shows greater than

zero sensitivity.

The exclusiveness assumption is questionable, and an

equally plausible assumption has been suggested by Mar

cel (1983). According to Marcel, it is entirely possible that

In attempting to make deliberate judgements based on in

formation of whose external source one is unaware, it would

seem that one makes use of the relevant nonconscious in
formation, if it is available, by relying passively on its ef

fects (e.g. upon attention) rather than being able selectively

to retrieve it or be sensitive to it such that it can be the

basis of an intentional choice. (p. 211)

Thus, for Marcel, intentional responding is based on sub

jective phenomenal awareness; however, neither subjec

tive phenomenal awareness nor intentional responding are

necessarily indexed by a direct measure of perception.

Even though Marcel (1983) and Holender (1986) agree

that intentionality is a critical characteristic of conscious

ness or awareness, they disagree completely as to the re

lation between intentionality and direct discriminative

responses. Marcel's position is consistent with an increas

ing number ofproposals suggesting that any definition of

perceptual awareness must be based on a consideration

of an observer's subjective phenomenal experience when

performing a task, and not on the characteristics of the

task per se (e.g., Cheesman & Merikle, 1985; Dixon,

1971, 1981; Fowler, 1986; Henley, 1984; Merikle &

Cheesman, 1986; Navon, 1986; Paap, 1986; Wolford,

1986). Holender's position, on the other hand, implies

that all direct discriminative responses necessarily reflect

intentional responding. The problem with Holender's po

sition is that the intentions of an observer cannot be

directly observed or measured. Therefore, any inference

concerning an observer's intentions when performing

tasks that require direct discriminations, especially tasks

requiring forced-choice discriminations, is problematic.

Ifan observer's intentions cannot be measured unambig

uous1y, then equating the distinction between direct and

indirect indexes of perception with a distinction between

voluntary and involuntary actions cannot be justified.

Sensitivity of direct measures: The exhaustiveness

assumption. Although many researchers may agree that

the exclusiveness assumption is unwarranted, it is impor

tant to consider another implicit assumption underlying

many recent applications of the dissociation paradigm. In

vestigators applying the dissociation paradigm often as-

PERCEPTION WITHOUT AWARENESS 565

sume that null awareness is demonstrated when the direct

measure used in their study indicates null perceptual sen

sitivity. This assumption implies that greater than zero

sensitivity on a direct measure is a necessary condition

for demonstrating conscious perception. In other words,

the approach adopted in many studies implies that

whenever conscious perceptual processes occur, direct

discriminations will show greater thanzero perceptual sen

sitivity. This implied consequence of conscious percep

tion can be true only if it is also assumed that direct mea

sures provide an exhaustive measure of conscious

perceptual experience. If this additional exhaustiveness

assumption is not made, then there is no reason to expect

that a direct measure of perception will always indicate

greater than zero perceptual sensitivity, given conscious

perceptual experience.

Serious objections can be raised regarding the validity

of this implied exhaustiveness assumption. First and fore

most is the problem in establishing which direct measures

of perception qualify as exhaustive measures of conscious

ness. Different direct measures have been used in differ

ent studies, and certain direct measures may be more sen

sitive than other direct measures to conscious perceptual

information. Furthermore, since any direct measure re

quires an observer to respond on the basis of a particular

stimulus dimension, the different direct measures that have

been used to index conscious perception require differ

ent discriminations based on different types of task

relevant information (Duncan, 1985; Navon, 1986). In

light of these concerns, one might be tempted to select

the direct index with the lowest "absolute threshold" as

an exhaustive measure of conscious perceptual experience.

However, if one rejects the exclusiveness assumption, and

therefore accepts the possibility that a direct measure is

potentially sensitive to unconscious perceptual informa

tion, such an extremely conservative procedure might

preclude perception without awareness from ever being

demonstrated (see Bowers, 1984).

Given these unresolved issues concerning how direct

indexes of perception may be related to conscious and un

conscious processes, it is difficult to justify either the ex

clusiveness assumption or the exhaustiveness assumption

on an a priori basis. More generally, as long as these is

sues remain unresolved, it may be difficult to ever justify

any a priori assumptions concerning the relation between

conscious perception and the absolute sensitivity ofdirect

indexes. For this reason, we propose an alternative ap

proach to the study of unconscious perception based on

the relative sensitivity of direct and indirect measures to

conscious perceptual information.

Relative sensitivity of direct and indirect measures

to conscious information. By considering the relative

sensitivity ofdirect and indirect indexes to conscious per

ceptual information, it is possible to use the dissociation

paradigm to study unconscious perception and to make

only one a priori assumption. Obviously, it is desirable

to minimize a priori assumptions, and we propose that
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only the following reasonable, but minimal, working as

sumption is required by the logic of the dissociation

paradigm:

The sensitivity of a direct discrimination is assumed

to be greater than or equal to the sensitivity of a com

parable indirect discrimination to conscious, task

relevant information.

This assumption is based on the reasonable supposition

that instructions directing an observer to respond on the

basis of a particular stimulus dimension should optimize

the observer's use of conscious information that may be

available concerning this dimension. At the very most,

indirect and direct measures may be equally sensitive to

relevant conscious perceptual information; however, an

indirect measure should never provide a better index of

conscious perceptual experience than is provided by a

comparable direct measure.

It is important to emphasize what is not assumed or im

plied by the proposed approach. Most critically, when a

direct measure of perception indicates greater than zero

sensitivity, this finding by itself is not assumed to be either

a sufficient condition (i.e., the exclusiveness assumption)

or a necessary condition (i.e., the exhaustiveness assump

tion) for demonstrating conscious perception. Such con

clusions do not follow from the proposed assumption,

since the assumption does not impose any constraints on

the absolute sensitivity of direct and indirect indexes.

Rather, the proposed assumption only constrains the rela

tive sensitivity of direct and indirect measures to con

scious, task-relevant information. Thus, given this

minimal constraint, the sensitivity of direct and indirect

indexes can potentially reflect the availability ofconscious,

unconscious, or both conscious and unconscious percep

tual information.

Interpretation of Possible Patterns of Results

The important implication of the above assumption is

that unconscious perception is demonstrated whenever an

indirect measure shows greater absolute sensitivity than

does a comparable direct measure to a particular stimu

lus dimension. Since this conclusion might not be immedi

ately apparent, it is deduced step by step in the appendix.

Other patterns of results are certainly possible. However,

given the logic behind comparing the relative sensitivity

of direct and indirect measures, these other possible pat

terns of results would not provide any definitive evidence.

For example, if an indirect index is less sensitive to a par

ticular stimulus dimension than is a comparable direct in

dex, this pattern of results would provide no evidence

either for or against unconscious perception. This is the

case, since it cannot be deduced whether the sensitivity

of either the direct or the indirect indexes reflects con

scious, unconscious, or both conscious and unconscious

perceptual processes. Thus, the proposed approach pro

vides a method for demonstrating perception without

awareness, but it is ineffective as a method for unequivo

cally demonstrating perception with awareness. This is

a direct consequence of the absence of a valid measure

of conscious perceptual experience.

Methodological Criteria

A critical aspect of the proposed assumption concern

ing the relative sensitivity of direct and indirect measures

to conscious perceptual experience is the assertion that

the sensitivity of both indexes should be measured under

comparable experimental conditions. Otherwise, anyob

served dissociations between indexes may reflect only

methodological differences and not a true difference in

the relative sensitivity of these measures to conscious and

unconscious perceptual processes. In this section, we

review four methodological concerns that are relevant

whenever comparisons are made between the relative sen

sitivity of direct and indirect measures.

1. Perceptual sensitivity versus response bias. Both

direct and indirect indexes should be based on measures

of discriminative responding that allow perceptual sensi

tivity to be assessed independent of any possible influences

contributed by observer biases. Merlkle (1982) discussed

the interpretive problems that can arise when measures

do not permit a clear distinction between sensitivity and

bias. Although tasks based on forced-ehoice, discrimina

tive responses are ideal for satisfying this criterion, other

tasks, based on reaction time or physiological measures

(e.g., the galvanic skin response [GSR)), could be used

under appropriate conditions (see Dulany & Eriksen,

1959).

2. Stimulus states. Direct and indirect indexes should

measure discriminative responses among the same set of

alternative stimulus states. Thus, a direct measure of dis

crimination among the stimulus states SI, S2, ... , Sn

should always be compared with an indirect measure of

the same discrimination. As noted by Duncan (1985), this

condition has not been met in a number of recent studies

(e.g., Balota, 1983; Fowleret al., 1981; Marcel, 1983).

In these studies, the direct measure of perceptual discrimi
nation was based on presence/absence decisions (i.e., SI,

S2, ... , or Sn versus a null stimulus state), whereas the

indirect measure, priming, was based on discriminations

among the stimulus alternatives (i.e., SI vs. S2 ... vs.

Sn). If direct and indirect indexes do not measure com

pletely equivalent discriminations under comparable con

ditions, then any dissociation between these indexes may

simply reflect differences in either (1) the availability of

the relevant stimulus information or (2) the difficulty of

the required discrimination.

3. Task context. Both direct and indirect measures

should index stimulus discriminations under display con

ditions that are comparable except for the direct!

indirect instruction. Ifdisplay conditions are not compara

ble across measures, then any observed differences in sen

sitivity between measures may simply reflect a difference

in either the encoding or the retrieval environment. For

example, Purcell et al. (1983) showed that differential

dark adaptation caused by slightly different display con

ditions can account for McCauley et al. 's (1980) findings



indicating that an indirect priming measure is a more sen

sitive indicator of perception than is a direct identifica

tion measure. Likewise, Bernstein, Vyas, Bissonnette, and

Barclay (1987) showed that the sensitivity of a direct mea

sure of stimulus discrimination can depend critically on

both instructional bias and the context provided by the

presentation of a second, related stimulus. These consider

ations indicate that every effort should be made to ensure

that direct and indirect indexes are measured under com

pletely comparable display conditions.

4. Response metric. Direct and indirect indexes should

be based on the same response metric. For example, one

of Eriksen's (1956, 1960) classic criticisms of the sub

ception effect reported by Lazarus and McCleary (1951)

is that the GSR and the perceptual identification measures

were not based on the same metric. According to Erik

sen, Lazarus and McCleary's finding that the GSR ex

ceeds baseline even on those trials in which a critical

stimulus is not correctly identified may very well be an

artifact of the discrete measurement of perceptual iden

tification versus the continuous measurement of the GSR.

Eriksen's criticism is also applicable to recent priming

studies in which the continuous reaction time measure was

compared with a discrete verbal response measure. Thus,

if direct and indirect indexes are not based on the same

metric, any observed dissociation between these measures

may simply reflect an artifact that arises when two differ

ent measurement scales are compared.

Although an ideal experiment comparing the relative

sensitivity ofdirect and indirect measures is one in which

both indexes are measured under conditions that are

equivalent in terms of the above methodological criteria,

in practice, a series of converging experiments may be

required. In any case, the above criteria provide critical

guidelines for the evaluation and interpretation of any

demonstrated dissociations between direct and indirect

measures of perception.

Advantages of the Proposed Approach

Relative to previous approaches, the proposed approach

to the study of perception without awareness has two

major advantages.

Conceptual advantage. As discussed above, since in

ferences concerning unconscious processes are based on

a consideration of the relative sensitivity ofdirect and in

direct measures, rather than on a consideration of the ab

solute sensitivity of direct measures, there is a significant

reduction in a priori assumptions. As a consequence, the

proposed approach bypasses the controversy over the

measurement of awareness and, at the same time, pro

vides a method for studying perception without awareness.

Methodological advantage. To demonstrate uncon

scious perception, it is sufficient to establish that the sen

sitivity of the indirect measure is greater than the sensi

tivity of a comparable direct measure, even if the

sensitivity of the directmeasure is greater than zero. Thus,

by following the proposed approach, the establishment
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of null awareness is no longer a prerequisite for demon

strating perception without awareness.

Illustration: Dulany and Eriksen (1959)

One study that illustrates how the proposed method

ological criteria can be successfully applied was reported

by Dulany and Eriksen (1959). These investigators com

pared the relative sensitivity of two measures of percep

tual processing: a direct verbal discriminative response

and an indirect discriminative response based on the GSR.

The task for the observers was to indicate verbally whether

a test light, which could vary in brightness, appeared dur

ing the first or second of two successive 3-sec intervals.

In addition, since a reliable GSR to a standard light stimu

lus was established prior to the discrimination task, a GSR

"choice" was recorded on each trial by noting the test

interval in which the larger GSR occurred. These proce

dures satisfy the four proposed methodological criteria

for comparing direct and indirect indexes: both indexes

(a) measured discriminative responses between the same

alternative stimulus states (Criterion 2) under identical dis

play conditions (Criterion 3), and (b) were based on two

alternative forced-ehoice tasks that allowed perceptual

sensitivity to be measured in terms of a common metric

(Criterion 4) independent of possible observer biases (Cri

terion 1).

When Dulany and Eriksen (1959) compared the rela

tive sensitivity of the direct and indirect measures, they

found that the direct verbal discriminative response was

considerably more sensitive for most observers than the

indirect GSR measure. According to the logic of the dis

sociation paradigm, these results provide no evidence to

indicate that GSR discriminations are mediated by uncon

scious perceptual information that is inaccessible to aware

ness. On the other hand, it is also important to empha

size that the logic of the proposed approach does not lead

to the conclusion that the greater sensitivity of the direct

measure necessarily indicates that brightness discrimina

tions were mediated by conscious perceptual processes.

As previously noted, direct and indirect measures might

index conscious, unconscious, or both conscious and un

conscious perceptual processes. Thus, whenever a direct

measure is found to be more sensitive than an indirect

measure, the logic of the proposed approach does not lead

to any conclusive answers concerning the possible in

fluence of unconscious perceptual processes.

Application: Judgment of Apparent Visual

Duration as an Indirect Measure

Given the proposed methodological criteria, there are

certain limitations as to the direct and indirect measures

that can be used successfully to investigate the relation

between consciousness and perception. However, a re

cent series of experiments reported by Avant and Thie

man (1985) suggests a possible approach. These investi

gators claimed to have demonstrated that judgments of

apparent visual duration provide an indirect measure of
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perceptual processing that is more sensitive to the lexical

status of a visual stimulus than are direct discriminative

responses. This claim is based on results indicating that

judgments of perceived visual duration are influenced by

the familiarity of a stimulus (i.e., word vs. nonword) even

though direct discriminative responses among the stimuli

approximate a chance level of accuracy. H Avant and

Thieman's claim is correct, then judgment of apparent

visual duration would provide a useful indirect measure

to study the relation between consciousness and percep

tion within the conditions specified by the proposed ap

proach.

Unfortunately, Avant and Thieman's (1985) results can

not be considered definitive, because temporal duration

judgments and direct discriminative responses were mea

sured under considerably different conditions. Observers

judged temporal duration by indicating which of two suc

cessively presented displays appeared to last longer. On

the other hand, direct discriminative responses were based

on a forced-ehoice recognition task in which a stimulus
was presented, and observers were then shown two al

ternative displays and required to choose the display that

had just been presented. These procedures do not satisfy

either Criterion 2 or Criterion 3, because the direct and

indirect indexes measured discriminative responding be

tween different stimulus states under different display con

ditions. Thus, the observed differences between the two

indexes may simply reflect differences in the difficulty

of the requireddiscrimination. Therefore, Avant and Thie

man's results cannot be considered definitive.

The major purpose of the present study was to com

pare, under conditions that satisfy the four proposed

methodological criteria, temporal duration judgments with

direct measures of perceptual processing based on

present/absent and wordlnonword discriminations. Since

temporal duration judgments do not require any discrimi

nation regarding stimulus content, the time judgment task

has the potential to provide an excellent indirect measure

of perceptual processing when it is contrasted to direct

discriminative judgments measured under precisely the

same conditions. Accordingly, Experiments 1 and 2 were

designed to replicate well-established findings indicating

that filled intervals are perceived as longer than empty
intervals of the same duration (e.g., Allan, 1979; Craig,

1973; Goldfarb & Goldstone, 1963) and that perceived

duration is influenced by stimulus familiarity (e.g., Avant

& Lyman, 1975; Avant, Lyman, & Antes, 1975; Avant

& Thieman, 1985; Devane, 1974; Warm, Greenberg, &

Dube, 1964; Warm & McCray, 1969; Witherspoon &

Allan, 1985). In Experiments 3 and 4, the sensitivity of

temporal duration judgments, as an indirect measure of

perceptual processing, was compared with the sensitiv

ity of direct wordlnonword and presence/absence dis

criminations.

EXPERIMENT 1

The major purpose of this experiment was to replicate,

with our methodology, two findings demonstrating that

nontemporal factors influence the perceived duration of

equivalent temporal intervals. One phenomenon, com

monly referred to as the filled-duration illusion, is that

filled intervals are judged as longer thanempty intervals
of the same temporal duration (e.g., Allan, 1979; Craig,

1973; Goldfarb & Goldstone, 1963). A second finding

is that judgments of temporal duration are influenced by

stimulus familiarity (e.g., Avant & Lyman, 1975; Avant

et al., 1975; Devane, 1974; Warm et al., 1964; Warm

& McCray, 1969; Witherspoon & Allan, 1985). Both

findings demonstrate the influence of nontemporal fac

tors on duration judgments and suggest that judgments of

temporal duration have the potential to provide a sensi

tive indirect measure of perception.
Although the filled-duration illusion is well established,

the expected direction of any effect of stimulus familiar

ity upon perceived duration is problematic. Avant and

his colleagues (e.g., Avant & Lyman, 1975; Avant

et al., 1975) reported that intervals in which words are

presented are judged to be shorter than intervals in which

nonwords are presented. In contrast, other investigators

(e.g., Devane, 1974; Warm & McCray, 1969; Wither

spoon & Allan, 1985) found that familiar words are per

ceived as longer in duration thanunfamiliar words. Thus,

depending upon the particular study that is considered,

evidence can be found indicating either a positive or a

negative relation between stimulus familiarity and per

ceived duration.

In general, studies finding positive correlations can be

distinguished from studies finding negative correlations

in terms of both the judgment task and the definition of

stimulus familiarity. More specifically, Avant and his col

leagues (Avant & Lyman, 1975; Avant et al., 1975) found

a negative correlation between stimulus familiarity and

perceived duration when stimulus familiarity was defined
in terms of a wordlnonword distinction and perceived du

ration was measured by a comparative judgment task. In

contrast, studies in which the familiarity of English words

was varied on the basis of either word frequency (e.g.,

Devane, 1974; Warm & McCray, 1969) or stimulus repe

tition (Witherspoon & Allan, 1985) indicate that perceived

duration and stimulus familiarity are positively correlated.

In addition, studies demonstrating positive correlations

typically involve absolute or categorical judgments rather

than comparative judgments. Given these methodologi

cal differences, it has been suggested that either the oper

ational definition of familiarity (Witherspoon & Allan,
1985) or the type of judgment task (Thomas & Weaver,

1975) may account for the conflicting patterns of results

concerning the relation between perceived duration and

stimulus familiarity.
In the present study, stimulus familiarity was based on

a wordlnonword distinction, and a comparative judgment

task was used to measure perceived duration. These

aspects of the method are similar to the methodology used

by Avant and his colleagues. Therefore, ifeither the defi
nition of familiarity or the type ofjudgment task are crit

ical in determining the direction of the relation between
stimulus familiarity and perceived duration, then these



variables should be negatively correlated under the present

experimental conditions.

Method
Subjects. Twenty undergraduate students at the University of

Waterloo participated in the experiment. All subjects had normal

or corrected-to-normal vision, andeach subject was paid $10 fol

lowing completion of the experimental session.

Apparatus. All stimulus materials were displayed on an Elec
trohome color monitor that was interfaced to an Apple II+ micro
computer via an Electrohome Supercolor board. The monitor was

viewed through a hood that physically divided the screen into

separate left-eye and right-eye fields, and each field was viewed
through a rotating prism to aid fusion of the fields. The viewing

distance was 65 em, and the luminance of each field measured

32 cd/m' when the light beige background color (Color No. 91)

was displayed.

Three touch-sensitive plates were used by the subjects to initiate
trial sequences and to indicate their decision following each trial.

These plates were located on a table directly in front of the sub

jects. The plates were positioned in a manner that allowed each sub

ject's hands to rest comfortably on the table. A plate on the left

was used to initiate trials, and two plates on the right were used

to indicate the decision following each presentation sequence.
Materials and Design. A pool of words containing 324 high

frequency nouns was compiled from the Kuceraand Francis (1967)

norms. Equal numbers of four-, five-, and six-letter words were

selected, and the minimum word frequency was 57 occur

rences/million. This pool of words provided the stimulus materials

for the experimental trials administered to each subject.
Each of 432 experimental trials consisted of two different stimu

lus displays presented in succession. On 216 of these trials, one
stimulus was a randomly selected word, andthe other stimulus was

a nonword variant of the same word. All nonwords were created

by randomly rearranging the letters in words. On the remaining

216 trials, one stimulus was either a word or a nonword, and the
second stimulus consisted of a blank field; word-blank and non

word-blank pairs each occurred on 108 trials.

The experimental trials were presented in six blocks of 72 trials.

Within each trial block, word-nonword pairs were presented on

36 trials, and word-blank and nonword-blank pairs were each

presented on 18 trials. In addition, in each trial block, the two pos

sible presentation orders for each type of stimulus pair occurred
equally often, and equa1 numbers offour-, five-,and six-letter stimuli

were used with each stimulus pairing andpresentation order com

bination. Within these constraints, the presentation order for the
different conditions within each block of 72 trials was random.

All words and nonwords were presented binocularly in white

(color no. 255) uppercase letters measuring 0.7 ern(0.6°) horizontal
x 1.1 em (1.0°) vertical. I The length of these stimuli varied from

3.5 cm (3.1°) for the four-letter words and nonwords to 5.3 cm

(4.7°) for the six-letter words andnonwords. In addition, the mask
ing stimulus, which was always presented binocularly immediately

prior to the onset and immediately following the offset of each stimu

lus display, was a 9.0 cm (7.9°) x 1.5 cm (1.3°) rectangular dis
play consisting of randomly arranged letter pieces.

Procedure. Each subject was tested individually during a single
session that lasted approximately 75 min. Prior to the beginning
of the experiment, all subjects were instructed that they would see
two "flashes" (i.e., stimulus displays) on each trial and that their
task was simply to decide which "flash" was longer in duration.

Absolutely no information was given to the subjects concerning the
content of the stimulus displays.

Throughout the experiment, the masking stimulus was always
present in the visual field except when the two stimulus displays
were presented. Thus, the masking stimulus also served as the fix
ation stimulus, and thesubjects were instructed to fixate this stimulus

PERCEPTION WITHOUT AWARENESS 569

prior to initiating each trial. Once a trial was initiated, approxi

mately 150 msec elapsed before the onset of the first stimulus dis

play, and the interval between the offset of the first display and
the onset of the second display was 1,000 msec. Each stimulus dis

play was presented for 50 msec.

Following the offset of the second stimulus display, the subjects

were required to decide which stimulus display was longer in du

ration. The subjects indicated their decision by pressing one of the

two response plates located on the right side of the table. A mini

mum of 2,800 msec elapsed between the offset of thesecond stimu

lus display and the onset of a brief auditory signal indicating that

the computer was ready to display the next trial sequence.

Results and Discussion
Mean proportions of "longer" responses for the word

blank and nonword-blank pairs are shown at the top of
Table 1. As expected, filled intervals were judged as
longer than blank intervals of the same stimulus duration
for both word-blank pairs [t(19) = 12.0, p < .0001] and
nonword-blank pairs [t(19) = 9.32, p < .00(1). This

finding represents a successful replication of the filled
duration illusion. In addition, the type of filled interval
(word vs. nonword) had only a marginal effect on judged
duration [t(19) = 1.82, P < .10], with words being
judged slightly more often than nonwords as longer than

blank intervals.
The effect of stimulus familiarity (word vs. nonword)

upon perceived duration is shown at the bottom of Ta
ble 1. The data for Experiment 1 are the mean propor
tions of "longer" responses for words and nonwords
presented for 50 msec. As indicated in the table, a posi
tive relation was found between stimulus familiarity and

perceived duration. More specifically, words, in general,
were judged as longer than nonwords [t(19) = 2.44,
p < .05]. Thus, the present results are entirely consis
tent with the results of many previous studies that demon
strated a positive relation between stimulus familiarity and
perceived duration (e.g., Devane, 1974; Warm &
McCray, 1969; Witherspoon & Allan, 1985).

On the other hand, the present results are completely
inconsistent with the negative relation between stimulus
familiarity and perceived duration reported by Avant and
his colleagues (Avant & Lyman, 1975; Avant et al., 1975;
Avant & Thieman, 1985). Given that we defined stimu
lus familiarity (word vs, nonword) in the same way that
Avant and his colleagues did and used a similar compara
tive judgment task, neither factor can account for these

Table 1
Mean Proportions of "Longer" Responses in Experiments 1 and 2

Experiment Exposure Duration Comparison

Word vs. Blank

50 msec .846 .154

Nonword vs. Blank

50 msec .827 .173

Word vs. NORward

2 33 msec .503 .497
1 50 msec .541 .459
2 67msec .656 .344
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conflicting patterns of results. Thus, some other aspect
of the methodology used by Avant and his colleagues must
account for why they consistently find a negative rela
tion between stimulus familiarity and perceived duration,
while other investigators typically report a positive rela
tion between these factors, similar to the one found in the

present study.

EXPERIMENT 2

One difference between Experiment 1 and many of the
studies reported by Avant and his colleagues is that we
used a slightly longer exposure duration for the stimulus
displays (i.e., 50 msec instead of 30). Accordingly, Ex
periment 2 was designed to explore the influence of ex

posure duration on both the direction and the magnitude
of the effect of stimulus familiarity upon perceived du
ration.

Method
Subjects. Twenty undergraduate students at the University of

Waterloo participated in the experiment. All subjects had normal

or corrected-to-normal vision, and each subject was paid $10.

General. A tota1 of288 words was selected from thepool ofwords

used in Experiment 1. Theselected words hadthe higher word fre

quencies, so that the minimum word frequency for any word used

in this experiment was 66 occurrences/million. In addition, equal

numbers of four-, five-, and six-letter words were selected.

On all experimental trials, one stimulus display contained a ran

domly selected word and the other stimulus display contained a non

word variant of the same word. However, there were two types
of experimental trials that differed in terms of the exposure dura

tion used for the stimulus displays. On 144 trials, each stimulus

display was presented for 33 msec, whereas on the remaining 144

trials, each display was presented for 67 msec.

The experimental trials were presented in 12 blocks of 24 trials.

In each trial block, the displays were presented for 33 msec on half

the trials and 67 msec on the remaining trials. In addition, word

nonword and nonword-word presentation orders were used equally

often with each exposure duration, and equal numbers offour-, five-,

and six-letter words were used with each exposure duration and

presentation order combination. Within these constraints, the differ

ent conditions were presented in random order within each trial

block.

All other aspects of the methodwere the same as in Experiment 1.

Results and Discussion
The mean proportions of "longer" responses for words

and nonwords are shown at the bottom of Table 1 for both
the 33-msec and 67-msec exposure duration conditions.
As was the case for the SO-msec exposure duration used
in Experiment I, when the stimulus displays were
presented for 67 msec, words were judged as longer than
nonwords [1(19) = 4.97,p < .001]. In addition, the mag

nitude of the familiarity effect was significantly larger for
the 67-msec presentation relative to the SD-msec presen
tation used in Experiment 1 [1(19) = 3.22, p < .01].
However, as suggested by an inspection of Table I, when
the exposure duration was 33 msec, no significant differ-

ence was found between the proportion of "longer"
responses for words and nonwords [1(19) < 1].

Considered together, the results of Experiments 1 and
2 demonstrate that increases in exposure duration simply

increase the magnitude of the positive relation between
stimulus familiarity and perceived duration. Given these
results, it remains unclear as to what constitutes the criti
cal methodological difference distinguishing studies that .

indicate stimulus familiarity and perceived duration are
positively correlated (e.g., Devane, 1974; Warm &
McCray, 1969; Witherspoon & Allan, 1985) and the

studies reported by Avant and his colleagues (Avant &
Lyman, 1975; Avant et al., 1975; Avant & Thieman,
1985), which demonstrate a negative correlation between

stimulus familiarity and perceived duration.
In spite of this inconsistency across studies, the fact that

the present studies convincingly demonstrate a positive
relation between stimulus familiarity and perceived du
ration indicates that perceived duration, as measured in

the present studies, provides a sensitive indirect measure
of stimulus familiarity. More specifically, the present ex
periments indicate that judgments of perceived duration
provide an index of an observer's ability to discriminate
between words and nonwords, even when the word!

nonword discrimination is not part of the task instructions.
Therefore, by definition, perceived duration provides a
sensitive indirect measure of lexical status.

EXPERIMENT 3

The results of Experiments 1 and 2 indicate that the

present methodology can be used to compare the relative
sensitivity of direct and indirect measures of lexical sta
tus. Given that the indirect duration judgment measure
was insensitive to lexical status when the words and non
words were presented at an exposure duration of 33 msec,

the present experiment was designed to establish whether
a comparable direct measure would show greater sensi
tivity to the lexical status of stimuli presented at this

exposure duration.

Method
Subjects. Forty undergraduate students at the University ofWater

100 participated in the experiment. Each subject participated in two

sessions and was paid $10 at the completion of the second session.

All subjects had normal or corrected-to-normal vision.

Materials and Design. A total of 144 words was selected from

the pool of words used in Experiment 1. The selected words had
the higher word frequencies, and the minimum word frequency of

any word used in this experiment was 88 occurrences/million. In

addition, equal numbers of four-, five-, and six-letter words were

selected.

Each subject was tested in two' experimental sessions that differed

as to the decision required following the presentation ofeach stimu

lus sequence. Each session involved 144 trials, and on each trial

in each session, one stimulus display contained a randomly selected

word and the other display contained a nonword variant of the same

word. In one session, the subjects were required to decide which



stimulus display contained a word (i.e., a direct discrimination of

lexical status), and in the other session, the subjects were required

to decide which stimulus display was longer in duration. Half of

the subjects made "duration" decisions in the first session and

"word" decisions in the second session, whereas the order of de

cisions across sessions was reversed for the remaining subjects.

In each session, the experimental trials were presented in six

blocks of 24 trials. The two possible presentation orders for word

and nonword displays, as well as the number of four-, five-, and

six-letter words used in each condition, were completely counter

balanced within each trial block. Within these constraints, the order

of presentation for the different conditions in each trial block was
random.

Procedure. All subjects were tested individually in two separate

sessions scheduled on 2 consecutive days. Each session lasted ap

proximately 30 to 4S min. Prior to the beginning of each session,

the subjects were instructed that they would see two "flashes."
In addition, depending on which condition was being tested in the

session, the subjects were instructed to decide either "which flash

was longer in duration" or "which flash contained a word."

All stimulus displays were presented for 33 msec under presen

tation conditions that were exactly the same as those used in

Experiments I and 2.
Immediately after a decision was made on each trial, the sub

jects were required to rate their confidence in the correctness of

the decislon.f A confidence scale was displayed on the monitor,
and confidence was indicated by moving a cursor along a horizon

tal line with nine vertical lines placed at equal intervals. The cur

sor always appeared initially at the center location on the scale,

and the subjects moved the cursor either to the left toward a minus

sign or to the right toward a plus sign by pressing one of the plates
on the right side of the table. Approximately 3,000 msec after the

confidence judgment was made, the signal indicating that the com
puter was ready to display the next trial sequence was presented.

Results and Discussion
The mean proportion of "longer" responses on the du

ration judgment task and the mean proportion of' 'word"
responses on the lexical decision task are shown at the
top of Table 2. The most important aspect of these data
is that the direct lexical decisions were more sensitive than

were the indirect duration judgments to the word/nonword
distinction. In fact, duration judgments did not dis
criminate significantly between words and nonwords
[t(39) = 1.30, p > .05]. This null sensitivity for dura
tion judgments is similar to the null effect found in Ex
periment 2 when the stimuli were presented for 33 msec.
On the other hand, in contrast to the null sensitivity for
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duration judgments, accuracy of direct lexical decisions
in the present experiment was significantly better than
chance [t(39) = 3.23, p < .01].

To compare the sensitivity of the two tasks directly, we
further analyzed the results using a 2 X 2 analysis of vari
ance that evaluated both task (i.e., lexical decision vs.
duration judgment) and task order (i.e., lexical decision
first vs, duration judgment first). Only the main effect
of task was significant [F(l,38) = 5.10, P < .05], in
dicating that performance on the lexical decision task was
significantly better than performance on the duration judg
ment task. These results thus provide strong support for
the conclusion that the direct measure of lexical status has
greater absolute sensitivity than the comparable indirect
duration judgment measure.

EXPERIMENT 4

The purpose of this experiment was to compare the rela
tive sensitivity of direct and indirect measures using
another stimulus dimension. In Experiment 1, the filled
duration illusion was successfully replicated in that dura
tion judgments were found to discriminate consistently
between filled and blank intervals. In addition, duration
judgments were considerably more sensitive to the
filledlblank distinction than to the wordlnonword distinc
tion. Given this sensitivity of duration judgments to a
filled/blank discrimination, it is possible that duration
judgments may provide a more sensitive measure ofstimu
lus detection than a comparable direct measure, Thus, the
present experiment was designed to compare the relative
sensitivity of the indirect duration judgment measure and
a comparable direct measure of stimulus detection.

Method
Subjects. Twenty undergraduate students at the University of

Waterloo participated in the experiment and received $10 follow
ing the completion of two experimental sessions. All subjects had

normal or corrected-to-normal vision.

General. This experiment was very similar to Experiment 3. 'The
major difference concerned the decisions that the subjects were re
quired to make in each experimental session. Prior to the begin

ning of each session, the subjects were told that they would see

two "flashes." Depending on the condition being tested in the ses
sion, the subjects were instructed either to decide "which flash con-

Table 2
Mean ProportiolL'l of Responses in Experiments 3 and 4

Experiment Task Response Comparison

Word vs, Nonword

3 Lexical Decision UWord" .539 .461
3 Duration Judgment "Longer" .508 .492

Word vs. Blank

4 Stimulus Detection "Letters" .892 .108
4 Duration Judgment "Longer" .615 .385

Nonword vs, Blank

4 Stimulus Detection "Letters" .889 .111
4 Duration Judgment "Longer" .599 .401
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tained a string of letters," or to decide "which flash was longer

in duration."

On each of the 144 trials in each experimental session, one dis

play contained a randomly selected word or nonword and the other

display consisted ofa blank field. Word-blank pairs and nonword

blank pairs occurred equally often. As in Experiment 3, the ex

perimental trials were presented in six blocks of24 trials, and within

each trial block, presentation order andword length were completely

counterbalanced.

All other aspects of themethodwere thesame as in Experiment 3.

Results and Discussion
The mean proportions of "letters" responses on the

stimulus detection task and "longer" responses on the du

ration judgment task are shown in Table 2. As suggested

by an inspection of the table, overall performance, col

lapsed across the word/nonword dimension, exceeded a

chance level on both the detection task [t(19) = 14.01,

p < .001] and the duration task [t(19) = 3.14, p < .Ol].
In addition, a 2 x 2 x 2 analysis of variance that evaluated

task (i.e., stimulus detection vs. duration judgment),

stimulus pairing (i.e., word-blank vs. nonword-blank),

and task order (i.e., stimulus detection first vs. duration

judgment first) revealed that only the main effect of task

was a significant source of variance [F(1,18) = 48.32,

P < .001]. Given the greater sensitivity of the detection

measure, the present results support the same conclusion

as the results of Experiment 3; namely, a direct measure

provides a more sensitive index of perception than does

a comparable indirect measure based on judgments of per

ceived temporal duration.

GENERAL DISCUSSION.

The comparisons in Experiments 3 and 4 between the

indirect temporal duration judgment task and the direct

lexical decision and stimulus detection tasks illustrate the

general approach we propose for the study of perception

without awareness. According to the logic of this ap

proach, unconscious perception is demonstrated whenever

an indirect measure of perception shows greater sensi

tivity to a stimulus dimension than does a comparable

direct measure. Given that the sensitivity of the indirect

measure in both studies was less than the sensitivity of

the comparable direct measures, the present results are

inconclusive with regard to unconscious perception. This

is the case since it cannot be determined if performance

on the detection and lexical decision tasks was mediated

by conscious, unconscious, or both conscious and uncon

scious processes. In spite of these inconclusive results,

the present findings have direct implications for the con

clusions reached previously by Avant and Thieman

(1985). In addition, the approach illustrated by the present

experiments provides a framework for conducting more

definitive future studies exploring unconscious processes.

One very straightforward implication of the present

results is that they provide absolutely no support for Avant

and Thieman's (1985) claim that judgment of apparent

visual duration constitutes a sensitive measure of uncon-

scious perception. Although Avant and Thieman found

that indirect temporal duration judgments were a more

sensitive index ofperceptual processing than direct forced

choice recognition judgments, they did not measure these

direct and indirect indexes of perception under compara

ble experimental conditions. In contrast, our findings sug

gest that when experimental conditions are equated across

measures, the sensitivity ofdirectmeasures is greater than

the sensitivity of comparable indirect measures based on

perceived temporal duration. Although this conclusion

may be limited to the display and stimulus parameters used

in the present studies, the proposed approach provides a

method for unambiguously assessing the sensitivity of the

temporal duration judgment task relative to the sensitiv

ity of comparable direct measures under a wide variety

of experimental conditions.

Another difference between the present findings and the

results reported by Avant and Thieman (1985) concerns

the direction of the relation between stimulus familiarity

and perceived duration.'Contrary to the negative relation

found by Avant and Thieman, the results of Experiments 1

and 2 indicate a positive correlation between stimulus

familiarity and perceived duration. Our results are com

pletely consistent with the results reported by many other

investigators (e.g., Devane, 1974; Warm & McCray,

1969; Witherspoon & Allan, 1985), whereas Avant and

Thieman's results are similar to those reported previously

by Avant (e.g., Avant & Lyman, 1975; Avant et al.,

1975). Given that we defined stimulus familiarity (i.e.,

word vs. nonword) in the same way that Avant and Thie

man did and we used a similar comparative time judg

ment task, this inconsistency in the direction of the ob

served relation between stimulus familiarity and perceived

duration is even more striking. Clearly, additional studies

are required to isolate the critical methodological factors

responsible for these different patterns of results.

At a more general level, the present experiments illus

trate an approach or framework for investigating uncon

scious processes that has the potential to provide more

definitive evidence regarding the validity of unconscious

perception. Although the present results, as well as many

other empirical findings, are entirely consistent with Erik

sen's (1960) earlier conclusion that direct verbal measures

are as sensitive indicators ofperception as are any indirect

measures that have been studied, it is premature to con

clude that direct measures are always more sensitive than

comparable indirect measures. Before such a conclusion

is justified, additional comparisons between a variety of

comparable direct and indirect measures are required, and

we suggest that the proposed approach provides a con

ceptual/methodological framework for making such com

parisons.

One indication of when indirect indexes may be more

sensitive than comparable direct indexes comes from

studies of unconscious memory. Although memory is

sometimes considered to represent a potential confound

in studies of unconscious perception (e.g., Holender,

1986), the boundary between perception and memory is



necessarily arbitrary, and it is possible to argue that most,

if not all, perceptual tasks have a memory component (see

Erdelyi, 1986). In fact, if perception and memory are

regarded as a continuum rather than a dichotomy, then

the proposed approach to the study of unconscious per

ception is directly applicable to the study of unconscious

memory.

One finding indicating that an indirect measure of

memory is more sensitive than a comparable direct mea

sure was originally reported by Kunst-Wilson and Zajonc

(1980). In this study, Kunst-Wilson and Zajonc presented

subjects with 10 irregular octagons, with each octagon

being exposed five times for 1 msec. Following these ini

tial exposures, the subjects were presented with 10 pairs

of octagons, one new and one old, and were required

either to indicate which member of each pair had been

presented previously (a direct measure of memory) or to

choose the octagon in each pair that they liked better (an

indirect measure of memory). Performance on the indirect

preference measure was 60% correct, whereas perfor

mance on the direct recognition test approximated a

chance level of accuracy (48%). This basic finding has

been replicated by several other investigators (e.g., Bon

nano & Stilling, 1986; Seamon, Marsh, & Brody, 1984).

In addition, Mandler, Nakamura, and Van Zandt (1987),

using a similar procedure, found that a variety of tasks

involving indirect discriminations (i.e., preference, bright

ness, and darkness) are all more sensitive than a com

parable forced-ehoice recognition task. Taken together,

these results constitute strong evidence for unconscious

memory, as the consistent finding across studies is that

indirect measures of memory are more sensitive than com

parable direct measures. Whether similar demonstrations

of dissociations between directand indirect indexes of per

ception are possible is an open question. However, com

parisons of the sensitivity of comparable direct and in

direct measures at different delays following stimulus

presentation might prove valuable in providing an answer

to this question.

Finally, to anticipate a potential misinterpretation of the

position developed in this paper, we are not proposing

that the only valid or profitable way to investigate per

ception without awareness is to compare the relative sen

sitivity of direct and indirect measures. Rather, given the

dominance of approaches that basically involve compar

ing the sensitivity of direct and indirect measures (see

Erdelyi, 1986; Holender, 1986), the present paper is an

attempt to provide a systematic consideration of the con

ceptual and methodological issues underlying this type of

study. We agree completely with Erdelyi (1986) that

methodological rigor cannot replace theoretical develop

ment in the study of the unconscious. Indeed, due to the

complex nature of this research area, it is essential to state

explicitly the methodological implications of theoretical

assumptions. In the absence of such clarity, the only

option is a futile debate between "believers" and "non

believers" that has very little to do with empirical

evidence.
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NOTES

I. The visual angle subtended by each stimulus dimension is provided

within parentheses following each linear measurement.

2. The confidence ratings did not provide any data relevant to an as

sessment of the relative sensitivity of the two measures. Thus, these

data are not presented or discussed in this paper.

APPENDIX

a) Given that direct and indirect indices may reflect conscious, unconscious, or both
conscious and unconscious processes, the sensitivity of these indices to
conscious and unconscious information can be expressed by the following equations:

sensitivity of sensitivity of direct sensitivity of direct

direct index - index to conscious + index to unconscious

information information

( ~O ) (~O )

sensitivity of sensitivity of indirect sensitivity of indirect

indirect index - index to conscious + index to unconscious

information information

( ~O ) (~O )

b) Ifempirically we fmd:

sensitivity of

indirect index

sensitivity of

> direct index

then using the equations in (a):

sensitivity of indirect

index to conscious

information

sensitivity of indirect

+ index to unconscious

information
>

sensitivity of direct

index to conscious

information

sensitivity of direct

+ index to unconscious

information
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APPENDIX (continued)

c) Subtract from both sides: sensitivity of indirect

index to conscious

information

sensitivity of indirect

index to unconscious

information

sensitivity of direct

index to conscious

information

sensitivity of indirect

index to conscious

information
) +

sensitivity of direct

index to unconscious

information

~ 0 by assumption

d) Thus, given (a), (b) and (c), we can conclude:

~o

sensitivity of indirect

index to unconscious

information

>0
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