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Perceptual interference and facilitationwith auditory
imagery

MARTHA J. FARAH and ALBERT F. SMITHHarvard University,
Cambridge, Massachusetts

I t has been claimed both that (1) imagery selectively
interferes with perception (becauseimages can be confused with
similar stimuli) and that (2) imagery selectively facilitates
perception (because images recruit attention for similar stimuli).
However, th e evidence for theseclaims can be accounted for without
postulating either image-caused confusions or attentionalset.
Interference could be caused by general and modality-specific
capacity demands of imaging,and facilitation, by image-caused eye
fixations. The experiment reported here simultaneouslytested these
two apparently conflicting claims about the effect of imagery on
perception in away that rules out these alternative explanations.
Subjects participated in a two-alternativeforced-choice auditory
signal detection task in which the target signal was either th e
same frequency as an auditory image or a different frequency. The
possible effects of confusion and attention were separated by
varying the temporal relationship between the image and the
obser

vation intervals, since an image can only be confused with a
simultaneous signal. We foundselective facilitation
(lowerthresholds) for signals of th e same frequency as the image
relative tosignals of a different frequency, implying attention
recruitment; we found no selective interference, implying the
absence of confusion. These results also imply that frequency
information isrepresented in images in a form that can interact
with perceptual representations.

What is the effect of imaging on the perception ofstimuli? Two
apparently contradictory answers tothis question may be found in
the literature. Segaland her colleagues (Segal, 1971; Segal &
Fusella,1970; Segal & Gordon, 1969) found evidence thatimages
interfere with perception, so that externalstimuli ar e less
detectable to a subject who isimaging. Fur thermore , Segal and
Fusella (1970)found that this interference is selectively greater
forstimuli that are similar to the image by virtue of beingin the
same modality: Auditory images lower d '(sensitivity) more for
auditory stimuli than for visualstimuli, and visual images lower d'
more for visualstimuli than for auditory stimuli. Segal
interpretedthese findings in terms of confusions between theimage
and the stimulus: An imaging subject in asignal detection
experiment must make a "reality decision" about the source of each
perceptual experience. The more similar the image is to the
stimulus,

the harder that decision, resulting in lowered d'values for the
stimulus. I t is possible, however, to explain Segal's results
without assuming the confusability of images and signals. An
alternative ex-:

This work was supported by NSF Grant BNS 79-12418awardedto
Stephen M. Kosslyn. The authors are grateful to David M.Green for
the use of his laboratory equipment. The helpful commentsof R, A.
Finke, P. A. Jolicoeur, S. M. Kosslyn, R. D. Luce,and R. M.
Nosofsky on an earlier draft of this paper are also gratefully
acknowledged. The first author's mailing address is now:Psychology
Service (I16-B), Boston Veterans AdministrationMedical Center, ISO
South Huntington Avenue, Boston, Massachusetts 02130.

planation based on the existence of modality-specificreserves of
capacity or attention (see Shwartz, 1976)can account for Segal and
Fusella's results if weassume that imaging in a particular modality
usessome of that modality's capacity, leaving lessmodality-specific
capacity available for encodingprobe signals in that
modality.Another finding of imagery-based interference

with signal detection comes from the work of Reeves(1981), who
found interference between visualimages and visual perception for
chromatic, but notfor achromatic, images and stimuli. Subjects
whoimaged an intensity increment of red light wereless sensitive to
actual intensity increments of redlight against a white background
than when theysimply tried to detect the intensity increment
without imaging, whereas subjects who imaged an intensity increment
of white light were just as sensitiveto an actual intensity
increment of white light as

when they were not imaging. Reeves also interpretshis results by
invoking confusion between images andsignals, concluding that
image-caused activation maybe confused with externally caused
activation inchromatic channels, but not in achromatic
channels.Reeves's results could also be explained by
capacitylimitations, in this case by assuming that imagingchromatic
stimuli requires more capacity thanimaging achromatic stimuli.
Because Reeves did notinclude conditions in which subjects
imagedchromatic stimuli while detecting achromatic stimuliand
viceversa, there is no way to distinguish betweenthe confusion and
capacity-limitation hypotheses.

475 Copyright 1983 Psychonomic Society, Inc.
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In contrast to these findings of interference between image and
percept are the findings of Petersonand Graham (1974) that
demonstrated facilitation ofperception during imaging. Peterson and
Grahamhad subjects study and then detect and name picturesof common
objects. Two groups of subjects were

used; both were cued during the detection and naming task with a
name of a picture, but only one groupreceived instructions to image
the named picture.Correctly cued pictures were detected and
namedmore accurately by the imaging subjects than by thenonimaging
subjects, and incorrectly cued pictureswere detected and named less
accurately by imagingsubjects than by nonimaging subjects. There
was nodifference between the two subject groups in abilityto detect
or name the pictures whenno cuewas given,which ruled out the
possibilitythat the imaging groupincluded more acute subjects.

Peterson and Graham interpreted their results interms of the
attention-recruiting capability of images. Bypreceding the
perception of a stimulus witha compatible image, the subject has in
effect "ta i-lored" attention for the stimulus. However, it
ispossible that eye fixation, and not attention, is whathas been
altered by the image. Perhaps the imagingsubjects fixed their eyes
on the parts of the displayscreen that would contain the most
salient parts ofthe cued picture.These two sets of findings,
increased perceptual in

terference and increased perceptual facilitation withmore
similar images, are not irreconcilable, andneither are their
interpretations in terms of confusion and at tention. Perhaps both
image-causedconfusion and attention operate together, and,
depending on the experimental conditions, one or theother will
dominate. The entire range of interferenceand facilitation effects
(includingReeves's null effectfor achromatic images and stimuli)
could be accounted for in this way.The experiment reported here was
performed in

order to establish whether or not interference due toconfusion
and facilitation due to attentional preparedness do operate
together in a single experi

mental context when subjects perceivewhile imaging.In addition,
the design of the present experimentprecludes alternative
explanations for these effects interms of capacity limitations and
eye fixation.The predictions for this experiment are based on

the assumption that an image can only be confusedwith a
simultaneous stimulus, and not with a stimulus arriving later in
time, whereas the effect of attentional priming can be enjoyed by a
stimulus thatfollows immediately after the image or by a
simultaneous stimulus if that stimulus is subthreshold andthus
unable to draw attention to itself. I f confusionalone operates,
there should be selective interferencebetween images and similar
stimuli when the imagesare simultaneous with the stimulus
presentations, butnot when the images begin and end before the
stim-

ulus presentations. I f attention alone operates, thereshould be
selective facilitation for stimuli that aresimilar to images
(relative to stimuli that are different) when the images are
simultaneous with the stimulus presentations, and also when they
begin and endbefore presentations. On the present hypothesis,
thatboth attention and confusion operate, we ought toobserve the
combined effects of confusion and attention; the predicted pattern
of data in this case isfacilitation of perception of similar
stimuli when asubject images before but not during a
stimuluspresentation, and either less facilitation or interference
(depending upon the relative sizes of the confusion and attention
effects) of perception of similarstimuli when a subject images
during a stimulus presentation.These predictions were tested in the
context of an

auditory signal detection task. The subjects imaged

pure tones of one of two frequencies while performing a
two-alternative forced-choice signal detectiontask in which one of
the two frequencies was thetarget signal. In one session they
imaged during thetwo observation intervals, and in a different
sessionthey imaged before the two observation intervals.The
dependent measure was threshold intensity fordetecting the signals.
Note that this task requires onlydetection of the signal, not
identification. I f attentional facilitation operates in this
experimental context, then thresholds would be lower for signals
preceded by an image of the same frequency than by animage of a
different frequency; if interference due toconfusion also operates,
then this effect would bediminished or reversed when the image
occurredduring the observation intervals.Byvarying the similarity
of the images and signals

within one modality, we avoided the possibility thatany
selective interference between image and signalwould be due to
capacity limitations, rather than toconfusions as hypothesized by
Segal et al. andReeves. We chose the auditory modality for
threereasons. First, it provides a stimulus set, pure tones,in
which a dimension of similarity (frequency) and adimension of
detectability (intensity) can be con

trol led independent ly and with great precision.Second, any
facilitation we might observe could notbe due to eye fixation.
Third, we hoped to add to ourknowledge of auditory imagery: I f we
were to findeither selective interference or facilitation
betweenimages and signals of the same frequency, wewouldhave
established that frequency information isencoded in images, because
it can affect the processingof auditory stimuli.

METHOD

Procedure

A two-alternative forced-choice detection procedure was used.In
each trial, one of two signal frequencies was randomly selectedfor
presentation, and signal intensity was varied adaptively according
to a two-down, one-up "staircase" schedule. The adaptive
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steps were 5 dB prior to the fourth turnaround, and 1 dB
thereafter. Signal levels at each turnaround after the fourth
wereaveraged to yield an estimate of the signallevelat which 7lllJo
of responses are correct. Through each block of 100 trials, the
intensityof the two signals was varied according to independent,
interleavedschedules. A continuous background noise of 6O-dB
spectrum levelwas present throughout each block of trials. The
starting intensity

of each signal was 34 dB SPL. Each trial consisted of two
500msec warning intervals, foIlowed by two 500-msecobservation
intervals. AIl intervals were indicated to the subjects by lights.
Thesubjects responded by pressing one of two buttons labeled
"firstinterval" and "second interval." Signals and noise were
presentedbinauraIly via TDH-50 headphones to subjects seated in
doublewaIledsound-treated chambers (IAC-1200A).The signals were
generated byWavetek oscillators and gated by

electronic switches. The two frequencies used for the signals
andthe images were 715 Hz and 1000 Hz. The signal duration was500
rnsec, completely filling the observation interval. The timingof
the experiment, adaptive at tenuat ion of signals, and datastorage
werecontroIled by a PDP-IS computer.The subjects were instructed to
image tones of one of the two

signal frequencies in one set of-specified intervals throughout
ablock of 100trials. In the "image-before" condition, the
subjectsimaged two tones during the two warning intervals. In the
"imageduring" condition, the subjects imaged two tones during the
twoobservation intervals. Pilot work revealed that when the
subjectswere in the " image-before" condition, they tended to adopt
astrategy of ending their image by briefly imaging a different
tone.We therefore emphasized that the subjects should image only
therequired tone, and only during the required interval. Before
eachblock of 100trials, the subjects wereaIlowedto hear the tone to
beimaged and to practice imaging it. A few seconds after they
saidthat they were ready, a block of trials began. Every 20 trials,
thesubjects weregiveneight repetitions of the tone to be imaged,
afterwhich they corrected their image if it was off-key, and
cleared theirthroats and said the word "heIlo" aloud (so that any
short-livedperceptual effects of hearing the to-be-imaged tone
would notaffect their signal detection performance).

DesignThe experiment occurred in two sessions of four blocks of
lQO

trials each. For half of the subjects, the first session
consisted ofthe image-before condition and the second session
consisted of theimage-during condit ion, and for the other half,
this order wasreversed. Half of the subjects within each of these
groups imagedthe higher frequency in the first and fourth blocks of
trials and thelower frequency in the second and third blocks of
trials, and halfimaged the lower frequency first and fourth and the
higher frequency second and third.

SubjectsEight Harvard/Radcliffe undergraduates served as
subjects for

pay. An additional three subjects were not used because they
informed the experimenters after the first experimental session
thatthey were unable to form auditory images more than 6OIlJo of
thetime.

RESULTS

Estimates of the threshold of each signal frequencyin each block
of trials for each subject were submitted to a repeated-measures
analysis of variance,in which the factors were location of image
(beforeduring), image frequency (715-1000 Hz), signal frequency
(715-1000 Hz), and part of experimental session (first half-second
half).The eight mean thresholds of interest are plotted in

Figure 1. I t is immediately apparent that there is anoverall
tendency for selective facilitation, that is, that
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