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A Process-Dissociation Framework for
Investigating Unconscious Influences:
Freudian Slips, Projective Tests,
Subliminal Perception, and Signal
Detection Theory
Larry L. Jacoby and Colleen M. Keiley

The latter half of the title of this
article could be taken as an oddity
problem of the sort that appears on
"Sesame Street." If so, it is clearly
signal detection theory that does not
belong. Freudian slips, projective
tests, and subliminal perception all
have to do with unconscious influ-
ences and might bring the psycho-
analytic tradition to mind. In con-
trast, signal detection theory is
identified with "real science" of the
sort engaged in by the most rigorous
experimental psychologists. In this
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article, we argue that all four be-
long. We show that unconscious in-
fluences of memory and perception
can be treated in a framework that
bears somo resemblance to signal
detection theory.

The notion of Freudian slips is
that unconscious influences are re-
vealed by errors. The advantage of
studying errors is that one can be
certain that influences were uncon-
scious because the effects are
counter to the person's conscious
purpose. Similarly, one way of dem-
onstrating the existence of unin-
tended or unconscious influences of
memory is to place those influences

in opposition to consciously con-
trolled, or intentional, use of mem-
ory. A fame judgment experiment
we did several years ago^ illustrates
this strategy. In the first phase of that
experiment, people read a list of
nonfamous names, such as "Sebas-
tian Weisdorf," under conditions of
either full or divided attention.
Those names were then mixed with
new famous and new nonfamous
names and presented for a test of
fame judgments. We correctly in-
formed subjects that all the names
they had read in the first list were
nonfamous, so if they recognized a
name on the fame test as one from
the first list, they could be certain
that the name was nonfamous. Thus,
conscious recollection of a name
from the list opposed the effect of the
increase in familiarity that name
would gain from being read on the
list.

During the fame test, subjects
who had studied the names with full
attention couid recognize names as
ones that appeared on the list and
therefore know that they were non-
famous. In contrast, subjects who
studied the names with divided at-
tention were far less likely to recog-
nize a name as one they had stud-
ied, and so were more likely to
mistakenly judge old nonfamous
names famous compared with new
nonfamous names. Figure 1 illus-
trates this false fame effect in the di-
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vided attention condition. In con-
trast, the figure shows suppression of
false fame in the full attention con-
dition, with old names less often
judged famous than new names.

The increase in the probability of
calling a name famous, observed in
the divided attention condition,
must be a result of an unconscious
influence of memory because an in-
tentional use of memory would pro-
duce an opposite effect. Placing
conscious and unconscious influ-
ences in opposition rules out the
possibility that what one thinks are
unconscious influences are actually
conscious. Similar unconscious in-
fluences of memory occur in the
false fame paradigm among the
aged, amnesics, and people who
hear a list of names while under gen-
eral anesthesia.^

Although placing conscious and
unconscious effects in opposition
clearly demonstrates the existence of
unconscious influences, that proce-
dure underestimates their effects be-
cause the effects of unconscious in-
fluences are counteracted by
consciously controlled processes. In
the case of the false fame effect, a
name could gain familiarity from
prior study, but that would not show
up as an unconscious memory influ-
ence if the name were also con-
sciously recognized as from the list.
What is needed is some method of
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separately estimating the con-
sciously controlled and unconscious
influences. Then it would be possi-
ble to see whether various factors
such as dividing attention or aging
affect unconscious memory as well
as consciously controlled memory.
We return to this possibility after
considering another paradigm used
to investigate unconscious influ-
ences of memory.

Fig. 1. Probability of judging a nonfa-
mous name famous after reading a list on
which the name appeared. A false fame
effect is shown after divided attention.

For experimental psychologists,
the investigation of unconscious in-
fluences has gained new respectabil-
ity from findings of dissociations be-
tween performance on direct and
indirect tests of memory and percep-
tion. ' Striking examples of such dis-
sociations are provided by amne-
sics. For example, amnesics, who
perform very poorly on direct mem-
ory tests, such as recall or recogni-
tion tests, benefit as much as normal
subjects from prior exposure to
words when they later attempt to
read fragmented versions of the
words. Tasks such as reading frag-
mented words are indirect memory
tests because they reveal effects of
specific past experiences, such as
reading a word, without directing
subjects to remember. People with
normal memory show similar ef-
fects. A widely used indirect test is
the stem-completion task. For that
task, people are presented with a
long list of words and later are asked
to complete word stems with the first
words that come to mind. Prior
study of a word makes it more likely
that people will use that word to
complete a word stem. For example,
having studied the word motel, peo-
ple are more likely to complete the

word stem mot with motet than
with another word, such as motor.
This effect seems to be independent
of people's ability to recognize or

recall the word as one that was
studied.

Effects of memory on an implicit
or indirect test may reflect uncon-
scious influences in the sense that a
person need not be aware of using
memory for effects of the past to be
observed. In that sense, an implicit
test is analogous to projective tests
such as free association or the Ror-
schach. Freud used free association
to reveal people's unconscious inner
conflicts. Memory in the case of the
stem-completion task and inner con-
flicts in the case of a free-association
task are unconscious influences that
determine what comes to mind. Un-
conscious influences are measured
by performance on an implicit or
projective test, whereas awareness
or intended influences are measured
by explicit tests."*

Psychologists who feel very com-
fortable interpreting performance on
an indirect test of memory such as
stem completion might not feel so
comfortable if they thought of the
parallels to a Freudian free-associa-
tion test. However, the problems for
interpretation are the same and arise
in relating processes to tasks. Psy-
chologists are not tempted to treat a
free-association test as if it measures
only unconscious inner conflicts.
They realize that people may some-
times be aware of the intent of a free-
association test and so alter their
performance on it. Similarly, for the
stem-completion task and other im-
plicit tests of memory, people may
sometimes intentionally use mem-
ory. This problem of the contamina-
tion of a supposedly pure measure of
unconscious influences by con-
scious processes is particularly acute
in the case of unconscious percep-
tion. The history of that area is char-
acterized by claims of unconscious
perception followed by counter-
claims that what was actually mea-
sured was conscious perception.

Given that tests of implicit mem-
ory sometimes reflect intentional
uses of memory and that tests of un-
conscious perception sometimes re-
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fleet conscious perception, the inter-
pretation of performance on those
tests is limited. For example, on an
implicit memory test such as word-
stem completion, the aged show
slightly smaller effects of studying
words than do younger subjects.
Does this finding mean that the aged
have a deficit in implicit memory, or
does it mean that younger subjects
are more likely to intentionally use
memory on a stem-completion test?
FHow does one deal with such prob-
lems? One strategy would be to re-
fine the measure of unconscious
influences further, attempting to pro-
duce a test that is process pure, un-
contaminated by conscious influ-
ences. This has been the strategy most
often used in investigations of uncon-
scious perception, and to a lesser ex-
tent in studies of implicit memory.

Such strategies for eliminating
conscious influences may not be to-
tally effective. Even if one could
construct such a process-pure test,
the types of questions about uncon-
scious influences that could be
asked would be restricted. For ex-
ample, consider the fame experi-
ments we described earlier. In those
studies, we placed intentional uses
of memory and unconscious influ-
ences in opposition, so subjects
could monitor whether a name had
appeared on the study list as a way
to avoid unconscious Influences.
The interplay of unconscious and
consciously controlled influences on
such monitoring tasks could not be
investigated using a test of uncon-
scious influences that fully elimi-
nated the effects of intentional
memory. Another problem with In-
vestigating conscious and uncon-
scious influences within different
tasks is that a process may be qual-
itatively different across tasks. The
issue here is something like the issue
of whether it is true that people ex-
press what they "truly believe"
when drunk. It is possible that what
people believe when drunk is qual-
itatively different from what they be-
lieve when sober.

PROCESS DISSOCIATION:
THE SIGNAL

DETECTION APPROACH

Rather than identifying different
processes with different tasks, as is
done with the distinction between
implicit and explicit tasks, we have
used a very different strategy. We
have developed a method for sepa-
rating the contributions of uncon-
scious and consciously controlled
influences within a single task, just
as signal detection theory separates
the contributions of different pro-
cesses to performance of a single
task.'' Signal detection theory starts
with the assumption that discrimina-
bility and bias are independent pa-
rameters that determine perfor-
mance of a task.'̂  Similarly, we start
with the assumption that uncon-
scious, or automatic, influences of
memory and consciously controlled
influences of memory make inde-
pendent contributions to perfor-
mance. The problem is to measure
those two types of contributions sep-
arately.

We have used a commonsense
approach of defining conscious con-
trol as the difference between perfor-
mance when one is trying to engage
in some act and performance when
one is trying not to engage in that
act. If one is as likely to do some-
thing when trying not to do it as
when trying to do it, clearly one has
no control. Given a measure of con-
scious control, one can estimate
unconscious influences within
the confines of the same task. The
stem-completion task provides an
illustration.

In one set of experiments, people
studied a set of words and were later
given the first three letters of each
word as a cue for recall (e.g.,
mot -for mote/).'' In the inclusion
test, they attempted to recall from
the list a word that could complete
the stem or, failing that, to guess
with the first word that came to
mind. In the exclusion test, they had

to complete the stem with a word
that was not on the list previously
studied. Under these instructions,
producing a studied word in the in-
clusion condition can be due to con-
scious recollection or to prior read-
ing of a word making that word
more likely to come to mind when
guessing later. Stated formally, the
probability of responding with a
studied word in the inclusion test
condition is the probability of recol-
lection (R) plus the probability of the
word automatically coming to mind
when there is a failure of recollec-
tion. An - R):

probability of producing the
studied word in inclusion
= R + /\(1 - R).

In the exclusion condition, a
studied word will be produced only
when there is a failure to con-
sciously remember that it was on the
list:

probability of producing the
studied word in exclusion
= A(1 - R).

In the inclusion test, unconscious
and consciously controlled influ-
ences act in concert. Performance in
that condition clearly overestimates
unconscious influences, and does
not provide unambiguous evidence
even for the existence of uncon-
scious influences. The exclusion
condition places conscious memory
and unconscious influences in op-
position, as in the fame experiment.
If frequency of use of studied words
in the exclusion condition is higher
than the base rate (calculated as the
likelihood of completing the stem
with the critical word when that
word was not studied), then one can
be sure that unconscious influences
exist. F-lowever, performance in the
exclusion condition underestimates
the magnitude of unconscious influ-
ences.

For the inclusion test, people try
to respond with old words, whereas
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for the exclusion test, people try not
to respond with old words. The dif-
ference between the inclusion and
exclusion tests provides a measure
of conscious control. That is, the
probability of conscious recollection
can be estimated as the probability
of responding with an old word In
the inclusion condition minus the
probability of responding with an
old word in the exclusion condition.
Once an estimate of conscious rec-
ollection has been obtained, uncon-
scious, or automatic, influences of
memory can be estimated by simple
algebra. Conscious recollection can
support selective responding. If peo-
ple were always aware that they had
read a word on the list, they would
always complete the corresponding
stem with that word in the inclusion
condition and never complete a
stem with that word in the exclusion
condition. In contrast to conscious
recollection, unconscious memory
does not support such selective re-
sponding. The effect of unconscious
memory is to increase the probabil-
ity of a studied word being given as
a completion regardless of whether
doing so is in accord with (inclusion
condition) or counter to (exclusion
condition) one's intentions.

The goal in experiments using
process dissociation is to find vari-
ables that produce dissociations in
the estimated effects of conscious
and unconscious processes. The
equations assume that the effects of
unconscious memory are indepen-
dent of those of conscious memory.
If the processes are independent, it
should be possible to find a factor
that will greatly influence the likeli-

hood of conscious memory, but
leave the effects of unconscious
memory unchanged. One variable is
the amount of attention allocated to
words during study. In one study,
while subjects read the word list,
they had the additional task of listen-
ing to a string of digits and indicating
when they heard target sequences,
any three odd digits in a row. Under
this divided attention condition,
conscious recollection was drasti-
cally reduced (from .25 to .00), but
the automatic, unconscious effects
of memory were left unchanged (.47
vs. .46, see Table 1). This dissocia-
tion validates the assumption that
unconscious influences are indepen-
dent of a person's ability to engage
in consciously controlled use of
memory.

The process-dissociation proce-
dure combines assumptions from
classic test theory with assumptions
from signal detection theory. An im-
portant difference between the pro-
cess-dissociation procedure and sig-
nal detection theory is that we have
proposed and found evidence for
two bases for performance on a di-
rect test of memory rather than the
single strengthlike basis assumed by
signal detection theory. By our view,
one must distinguish between recol-
lection and more automatic memory
influences in tasks such as cued re-
call. As in classic test theory, we as-
sume that guessing is independent of
"true" remembering. In contrast
with classic test theory, however,
we assume that memory influences
guessing. That is, guessing is in-
formed by unintended, or uncon-
scious, influences of memory.

Table 1. The probabiiities
studied and estimate!^ of the
automatic influences

Attention

Full
Divided

of completing
contributions

Test performance

Inclusion

.61

.46

Exclusion

.36

.46

a stem with a
of recollection

Estimate

Recollection

.25

.00

word previously
and

of memory effects

Automatic memory

.47

.46

PERCEPiiON

We have extended the process-
dissociation procedure to separate
conscious and unconscious effects
of perception." Those studies also
used the stem-completion task but
briefly flashed a completion word
immediately before presentation of
each stem. In the inclusion condi-
tion, subjects were asked to com-
plete the stem with the briefly pre-
sented word that preceded it, or the
first word that came to mind if the
preceding word did not complete
the stem. In the exclusion condition,
subjects were asked not to complete
the stem with the briefly flashed
word. Aware perception of the
flashed word should allow either its
inclusion or its exclusion, in line
with instructions. Using the process-
dissociation procedure, the contri-
butions of aware and unconscious
perception were estimated. In addi-
tion, subjects' attention to the briefly
flashed word was either full or di-
vided. The procedure yielded strong
evidence of unconscious perception
in the completion of stems. Further-
more, the estimate of conscious per-
ception was dramatically reduced
by divided attention, whereas the es-
timate of unconscious perception
was invariant over the two attention
conditions (see Fig. 2).

In further experiments, lengthen-
ing the duration of the flashed item
increased conscious perception, as
one might expect, but also increased
the estimate of unconscious percep-
tion. This result points out the utility
of a procedure that allows one to in-
vestigate an unconscious process
under the same conditions that per-
mit the conscious process to oper-
ate. One of the most common criti-
cisms of supposed demonstrations of
unconscious perception appeals to
criterion differences^ and treats un-
conscious perception as just a
weaker form of conscious percep-
tion, detectable when subjects lower
their criterion. In contrast, the cur-
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Fig. 2. Estimates of conscious and un-
conscious perception of words flashed
hriefly. Dividing attention during the
brief presentation of a word reduces
conscious perception but does not
change unconscious perception.

rent experiments on unconscious
perception indicate that there are
two qualitatively different bases for
perceptual judgments rather than
simply a difference in criterion.
Weiskrantz's'" analysis of blindsight
is similar. Blindsight is a neurologi-
cal syndrome in which people who
deny any subjective experience of
seeing can nonetheless make visual
discriminations when forced to
guess. Weiskrantz presented evi-
dence that blindsight cannot be
described as merely a quantitative
difference in a single criterion for re-
sponding. Conscious and uncon-
scious perception serve as qualita-
tively different modes of perception.

People find the concept of sub-
liminal perception frightening, as in
the controversy over the effects of
"backmasked" messages that are
supposedly embedded in some rock
music. These are messages that are
reversed and unnoticed when the
music is played normally, but that
can be understood when the music
is played in reverse, with a iittle help
from expectations.'^ However, out-
side the laboratory, people probably
more often encounter information
when their attention is divided than
when their perception is "sublimi-
nal." Moreover, the unconscious in-
fluences produced by dividing peo-
ple's attention can probably be

much larger than those produced by
presenting material briefly or even
backwards. Rock music is com-
monly listened to as background
music when attention is on some
other activity. Perhaps there is more
to fear from the influence of "back-
grounding" than of "backmasking."

What we find exciting about the
process-dissociation procedure is
the variety of domains in which it
can be applied. For example, we
and our colleagues have applied the
procedure to separating bases for
recognition memory, analyzing the
Stroop effect, separating intuition
from logic, separating heuristics
from analytic bases for judgments,
and analyzing the memory effects of
aging and of amnesia. Currently, we
are attempting to extend process-
dissociation procedures to separate
unconscious influences of attitudes
from effects of social desirability.

The process-dissociation proce-
dure is a valuable tool to separate
conscious and unconscious pro-
cesses in domains where conscious
processes contaminate unconscious
measures. It may prove equally valu-
able in assessing the role of uncon-
scious, or automatic, processes in
tasks that are now mistakenly re-
garded as pure measures of con-
scious memory or perception. Imag-
ine, for example, how one could
measure the ability of an amnesic to
recollect a prior event. On a cued-
recall test, amnesics can perform rel-
atively well, which might lead the
investigator to conclude that amne-
sics can consciously recollect
events. But to what extent is their
performance due to recollection and
to what extent is it due to automatic,
or unconscious, influences? The ad-
vantage of the process-dissociation
procedure is that it allows one to
separate recollection, an ability that
is largely lost by amnesics, from un-
conscious influences, a use of mem-
ory that is preserved by amnesics.
Failure to distinguish between the
two types of memory effect can lead
to seriously mistaken conclusions.

The same may be true also on any
direct test of memory for subjects
with normal memories.''^ The prob-
lem occurs when measuring con-
scious perception as well. Standard
measures of perception fail to distin-
guish between the contributions of
conscious and unconscious percep-
tion. Unconscious influences can
lead to informed guesses that must
be taken into account when measur-
ing awareness and effects of con-
scious control.
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Auditory Perception and Sound
Source Determination
Wiiiiam A. Yost

When someone is asked what he
or she hears, the usual response de-
scribes the various sound sources
that surround the listener: "I hear the
fan, the car, the wind blowing the
leaves. . . . " Determining the
sources of sounds has obvious eco-
logical vaiue for almost any organ-
ism.' The ability to locate food,
avoid predators, find a mate, and
communicate depends on being
able to determine the sources of
sounds. A number of authors'̂  have
recently reinstituted the concept of
sound source determination as a ma-
jor dimension of auditory percep-
tion.

When we listen to sounds in our
environment, the sounds from vari-
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ous sources are combined into one
complex sound field and do not
reach us as individual sounds. In
terms of perception, the task of
sound source determination is often
referred to as auditory object, im-
age, or entity perception.^ Bregman^
described the perception of the com-
plex sound field as a scene of audi-
tory images, where each image cor-
responds to a sound source. Given
that we receive a single complex
sound field, how are the various au-
ditory images formed in an auditory
scene?

The complex sound field consist-
ing of all sources is first coded by the
auditory periphery, and then this
code is processed by higher neural
centers to al low for sound source de-
termination. Figure 1 depicts this
process simplistically: Sounds from
each source are described physically
in the two dimensions of frequency
and time (amplitude could also be
depicted in a three-dimensional
time-varying spectral representa-
tion). The frequency components of
each source are represented in the
figure by a distinctive line type.
These physical properties of each
source are combined into one com-
plex sound input. The neural code
for this complex sound input con-
sists of a pattern of neural discharges
that represents the spectral and tem-

poral properties of the incoming
sound. The fiow of neural informa-
tion from the auditory periphery to
the centrai auditory system contains
an excellent neural picture of the
compiex sound fieid, but no code
for the individual sources.

Figure 1 indicates the "problem"
the central nervous system faces for
sound source determination: The
peripheral code contains the rele-
vant information associated with
each source, but how does the ner-
vous system determine that the infor-
mation associated with each line
type "belongs together" (forms an
auditory image}? That is, what
mechanisms or processes pool or
fuse the neural information into
three distinct subsets (images)? An-
swering this question is the chal-
lenge for understanding sound
source determination.

The depiction in Figure 1 suggests
that the entire array of information
flowing from the periphery must be
processed for sound source determi-
nation to occur. This notion of
broad-band frequency processing
contrasts with the approach taken
for years by many hearing scientists.
A great deal has been learned about
hearing by studying individual audi-
tory channels (nerves), each tuned to
a particular frequency. A popular
model of auditory processing is a
tuned-channel model, sometimes
referred to as the critical-band
model,-* in which it is assumed that
the auditory system processes sound
by monitoring the output of chan-
nels, each of which is tuned to a dif-
ferent narrow band of frequencies.
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