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Since the late 1950's a great deal of research has
been directed toward elucidating the process(es) by which
humans retain verbal material for short intervals of time,
The purpose of the present paper will be to explore the
extent to which such memorial processes can be identified
with processes which may be employed in information
processing tasks in general, and speech perception and/
or production in particular.

"Limited Capacity" Conceptions

The problem of the "immediate memory span" or the
"span of apprehension" has concerned experimental psycholo-
gists for a very long time (see Woodworth & Schlosberg,
1954, for a review). The research to be considered in
this section is based on a procedure introduced by Pillsbury
and Sylvester in 1940, The general procedure involves
a single presentation of material to be remembered, re-
quiring subjects to engage in an apparently unrelated
"distracting"” task during a short retention interval,
end then testing the effect of the intervening task on
subsequent recall of the memorized materiazl. Pillsbury
and Sylvester found that 10 seconds of intervening rest
led to better recall of eight items than 10 seconds of
arithmetic or of question-answering.

More recently, the distractor method has been rein-
troduced in two forms. In one procedure, (Brown, 1958;
Peterson & Peterson, 1959), subspan lists of items are
used. In the other procedure, longer lists are presented
for free recall, and the effect of subsequent distraction
on the recency portion of the retention curve is examined
(Postman & Phillips, 1965). The most frequent forms of
distraction used in subsequent research have been those
used by Brown (reading subsequent items aloud) and Peterson
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and Peterson (counting backward, usually by threes).
Numerous experiments have manipulated the difficulty of
verbal distracting tasks (e.g., reading numbers vs. arith-
metically transforming them; counting backward by threes
vs. counting backward by sevens), and a consistent finding
has been that increasing apparent difficulty in such ways
results in a retention decrement (Posner & Rossman, 1965;
Posner & Konick, 1966; Bruning, Shappe, & Ot'lMalley, 19663
Talland, 1967; Merikle, 1968; Scheirer & Voss, 1970;
Lowe & Merikle, 1971; Kroll & Kellicutt, 1972)T.

Other investigators have found that difficult nonverbal
retention interval tasks may result in a retention decrement.
Crowder (1967 a,b) found that manipulating stimulus lag
in a sequential multiple-alternative reaction time task
reduced recall of previously presented word trigrams,
and that decreasing stimulus-response compatibility -
reduced recall of noun quintagrams. Watking, Watkins,
Craik, & Maguryk (1973) found that manually "shadowing®
four-alternative sequences of piano notes produced sub-
gstantial forgetting of noun quintagrams in a Brown-Peterson
paradigm, with the amount of forgetting increasing over
one- to twenty-second retention intervals., In a second
experiment, they found that 20 seconds of pursuit rotor
activity following a free recall list eliminated the serial
position curve's end peak if presentation had been visual,
and substantially reduced the peak if presentation had been
auditory.

Results such as those outlined above have led several
theorists to conclude that active maintenance of material
in memory requires the use of some mechanism which is of
limited processing capacity. "Limited capacity" explanations
of short-term memory verformance have taken two basgsic forms.

One form of limited capacity conception places the
limitation in a "channel”, This hypothesis was proposed by
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Broadbent (1958,1963, 1971), and has been invoked by other
authors (Murdock, 1964, 1965 a,b; Rabbitt, 1966,1968).
Although Broadbent (1971) has recently expanded the model
greatly, the basic idea has remained asgs originally proposed
in 1958. The model involves a short-lived sensory buffer,
followed by a limited capacity channel through which material
must pass before further processing. Short-term memory
phenomena are said to appear when items are repetitively
passed from a buffer through the channel, returned to a
buffer, and repassed through the channel for as long as the
material needs to be retained. Retention loss occurs
when an intervening task occupies the channel and material
in the buffer is allowed to decay. The feature of Broadbent's
system which differentiates it from other limited capacity
notions is the idea that the limitationis on a particular
mechanism which is necessarily involved in processing incoming
information beyond a very peripheral level. That is,
there is a fixed processing "bottleneck" at some point in
the flow of information through the organism.

The second form of limited capacity hypothesis
involves a limited amount of "attention”, "mental energy”,
or "central processing capacity" which is freely allocable
to diverse kinds of processing (Posner & Rossman, 1965;
Posner & Keele, 1967; Moray, 1967; Posner, 1967,1973;
Posner, Boies, Eichelman, & Taylor, 1969; Posner & Boies,
19713 Kerr, 1973; Craik & Lockhart, 1972; Kahneman, 1973).
Although it is gometimes stated that certain tasks require
this central capacity while others do not (Posner & Boies,
19713 Kerr, 1973), the limited capacity processor itself
appears to be considered relatively undifferentiated.

That is, tasks are said to draw upon it as a function of
their general difficulty or attentional demands, and the
suggestion has been made that the processor may be identi-
fiable with consciousness (Posner & Klein, 1974; Craik &
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Lockhart, 1972). Within this second framework, short-
term memory phenomena are said to appear when attention
required to keep remembered material "active" or "in mind"®
is demanded by the intervening distraction task.

Although the limited capacity hypotheses seem att-
ractive in light of the results reviewed above, two recent
sets of experiments seem difficultl to interpret in terms
of a unitary processor in which cgpacity limitations are
determined by attentional requirements. Reitman (1971),
using noun trigrams in a Brown-Peterson paradigm, required

subjects to engage in one of three auditory signal det-
ection tasks during a 15 second retention interval. In

one condition, subjects were required to detect the presence
of 100 msec threshold-level square wave segments embedded

in noise. In the other conditions, they engaged in a
werbal discrimination task, monitoring a string of repeated
synthetic syllables ("doh") for the occurrence of another,
gimilar syllablé ("toh") while both vocalizing the target
syllable and pressing a key upon detection or while only
key pressing. Reitman found that while the discrimination
task produced substantial forgetting (with vocalization
adding a slight further decrement), the tonal detection task
produced almost no forgetting. Shiffrin (1973) subsequently
found very little forgetting of consonant quintagrams '
when subjects engaged in a tonal detection task during
retention intervals up to 40 seconds.

\ In order to deal with Reitman's and Shiffrin's results
within a general "attention" or "central capacity” framework
(see above), one would be forced to conclude that either
the memory task or the detection task (or both) required
little attentional capacity. This conclusion is complicated,
however, by Reitman'!s findings with her verbal discrimination
conditions. It would follow from the general capacity '
notion that the verbal task required "mental energy",
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while the nonverbal task did not. It is not apparent
why this should be the case, since Reitman equated her
filler tasks for difficulty (as measured by performance).
It also seems intuitively reasonable that conscientious
performance on any threshold-level detection task would .
demand a great deal of "concentration" or attention.
Broadbent's conception seems potentially more capable
of explaining Reitman's and Shiffrin's results, if the
limited capacity channel can be identified with a process
which would not have been involved in the tonal detection
conditions. Note t?at in all of the studies reviewed in
previous paragraphs, activities which have been found to
be effective in producing short-term memory loss have
involved complex motor responses, either verbal or nonverbal.
In contrast, while Reitman's and Shiffrin's tasks required
difficult perceptual discriminations, the response require-
ments (pressing a single key based on a yes-no decision)
seem minimal. It may be possible that the limited capacity
channel is in fact a response selection or organization
mechanism, which was not required in the tonal task.
Such an interpretation, however, still does not explain
the interference produced by the verbal discrimination
task, unless there is reason to believe that analyzing

the syllables required the use of a response selection

mechanism. In the following section, evidence will be
reviewed from speech processing research which suggests
that there is reason to believe that in some situations,
anglysis of speech stimuli does involve processes which are
also involved in response production. Following this, a
system for storage of verbal material will be outlined
which is neither incompatible with Broadbent's position
nor with Reitman's and Shiffrin's results.
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Analysis-by-synthesis

Analysis-by-syvnthesis theories have enjoyed con-
siderable popularity among speech researchers in recent
years, primarily as a result of efforts by theorists
at M.I.T. (Halle & Stevens, 1962; Stevens & House, 1972;
Stevens, 1973) and at Haskins Laboratories (e.g., Liberman,
19573 Liberman, Cooper, Shankweiler, & Studdert-Kennedy,,
1967; Cooper, 1973). The particular theories differ in
detail, but all share the idea that speech ig somehow
analyzed perceptually by reference to the production
process. For example, the Halle and Stevens (1962)
model suggests that after feature extraction, the per-
ceiver forms an hypothesis as to the identity of incoming
verbal material., This hypothesized item is then gener-
ated by the perciever, and if the synthesized material
matches the original item, the item is specified by the
procedures used to generate the match. The generation
process does not necessarily involve the periphersl art-
iculatory apparatus, but the speech production system is
assumed to be involved, at some level. The Haskins group
appears to lean more toward stimulus specification by means
of articulatory commands, snd the term "motor theory of
speech perception” seems more closely associated with
their conception. The term "analysis-by-synthesis" seems
more closely associated with the K.I.T. group, which
appears to lean toward specification at a more abstrac&
phonetic level. These distinctions, however, need not
concern us here, and "aenslysis-by-synthesis" as a generic
term will be used in reference to both conceptionsZ.

The case for perception of speech by reference to
articulation has been presented in detail by several authors
(e.c., Liverman, Cooper, Shankweiler, & Studdert-Kennedy,

1967; Studdert-Kennedy, Libermen, Harris, & Cooner, 1970;
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Stevens & House, 1972) and will not be repeated here.
Suffice it to say that some of the evidence considered
by the above authors to provide the strongest support
for the conception has recently been called into question
(Kirman, 1973; Miller, Pastore, Wier, Kelley, & Dooling,
197453 Cutting & Rosner, 1974; see also Lane, 1965).
Howevef, other evidence suggests that while perception of
speech may not differ qualitatively from the perception
of other acoustic stimuli in many situations, the processing
of speech may involve a motor component in some circum-
stances. Specifically, research with apparent cerebral
laterality effects suggests motor involvement when (1)
the stimulus information is reduced or ambiguous; and/or
(2) when the stimulus is encoded phonetically. Research
supporting these conclusions will now be briefly reviewed.

When engaging in a dichotic speech identification
task, right-handed people generally identify stimuli
presented to the right ear more readily than stimuli
presented to the left ear (e.g., Kimura, 196la). The
ear showing the dichotic advantage seems almost always to
be that contralateral to the hemiisphere controlling speech
production, as determinéd by injection of sodium amytal
(Ximura, 1961b). Subjects showing a right ear advantage
for speech, however, typically show either a left ear
advantage or no advantage for music (Kimura, 1964; Gordon,
1970; Spreen, Spellacy, & Reid, 1970; King & Kimura, 1972),
or nonspeech human sounds such as coughing or crying
(King & Kimura, 1972) or intonation contours of sentences
(Blumstein & Cooper, 1974). Thus, speech processing
seems sometimes to be lateralized to the same hemisphere
as speech production. One factor governing the magnitude
of the laterality effect seems to be the degree to which
identification of a speech stimulus depends on‘surrounding
context., PFricatives may be specified either by their
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initial steady state friction, which is invariant across
vowel context, or by the transition to a following vowel
formant, which varies with vowel context. Darwin (1971)
found that when synthetic fricatives were specified by
context-dependent transitions, a right ear advantage was
obtained in a dichotic identification task. The advantage
was not obtained when the same fricatives were specified
by context-invariant initial friction. Both Darwin (1971)
and Haggard (1971) found a right ear advantage for vowels
whoge identification required consideration of the speaker's
identity, but not for vowels which could be identified
without such consideration. It therefore seems possible
that in situations where the stimulus is made ambiguous
by dependency on context, hypothesis testing of the sort
proposed by Halle & Stevens (1962) takes place. That is,
-when a stimulus is only partially specified by some of
its acoustic characteristics, the observer may generate

poésibilities by means of the production system.
Haggard & Parkinson (1971) argued that laterality
effects may depend more on the subject's task than on the

stimulus itself. This conclusion was based largely on
an experiment in which dichotic identification of the
emotional tone of sentences yielded a left ear advantage.
Subsequent results have strongly suggested the same con-
clusion., HNuraski & Sharf (1973) found a dichotic right
ear advantage in the identification of /p/,/t/, and /k/
when subjects were instructed to identify the stimuli as
speech, but obtained a non-significant left ear advantage
when the same stimuli were identified as being of high,
low, or medium pitch. Spreen, Spellacy, & Reid (1970)
obtained a left ear advantage for tonal patterns in a
recognition paradigm, but Halperin, Nachson, & Carmon (1973)
found a right ear advantage for the same types of stimuli
in a paradigm requiring subjects to name the patterns.
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Other investigstors have obtained similar results
measuring auditory evoked potentials from the right and
left hemispheres. Wood, Goff, & Day (1971) and Wood (1975)
presented the same consonant-vowel stimulus (e.g.,/ba/)
to subjects in differing task contexts. In one task,
subjects were required to discriminate between the experimental
syllable and a phonemically different stimulus (e.g.,/da/).
The potential evoked by the experimental syllable at the
left hemisphere differed reliably between the two task
contexts, but the potential at the right hemisphere did not.
Matsumiya,. Tagliasco, Lombroso & Goodglass (1972) found
little, if any, lateralization of evoked potential magnitude
for either sound effects or words when subjects were in-
structed to simply record the frequency of sound occurrence
without regard for sound identity. The magnitude lat-—-
eralization increased reliably toward the left hemisphere
when subjects were instructed to determine the number
- of sound effects that could be named, and was greatest
when meaningful sentences were presented,

Finally, Sussman (1971) and Sussman, MNacNeilage,
and Lumbley (1975) have reported a right ear advantage
in a task which is completely nonverbal, but which clearly
involves stimulus analysis with reference to the state
of articulatory structures. In an auditory pursuit task,
when the frequency of the cursor tone was controlled by
movements of the tongue or jaw, it was found that perfor-
mance was better when the cursor was delivered to the right
ear than the left. The right ear advantage was much dim-
inished and unreliable when cursor frequency was controlled
by hand movements, '

In summary, it appears that some component of the
analysis of auditory stimuli is lateralized to the speech
production hemisphere when (1) the sound is closely related
to articulatory movements; (2) the stimulus is context-
dependent and therefore ambiguous; or (3) the sound is
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encoded as a linguistic unit. While the evidence that
these three sources of right ear advantages reflect the
same underlying process is circumstantial, it is certainly
tempting to interpret them within a single framework
involving similar use of speech production processes.
It has already been suggested that ambiguous information
may elicit hypothesis testing of the sort proposed by
Halle and Stevens (1962),., Since a name is in fact an
articulatory response, it also seems tenable that encoding
a stimulus as a linguistic unit (naming it) involves ref-
erence to articulation.

A System For Verbal Storage

Consider three processes which are likely to be
involved in performance of any information processing task
involving an overt response., First, the incoming material
must undergo some initial perceptual analysis. Secondly,
an appropriate response to the analyzed material must be
selected. Pinally, the response, once selected, must be
executed. Next, consider how the same three processes
might be used for short term retention of verbal material.
First,’ incoming items are analyzed perceptually. Secondly,
a decision'must be made involving the selection of an
appropriate response to the material; i.e., an appropriate
name (articulatory response) is synthesized (executed)
by use of gome level of the speech production system.

The product of the synthesis is then reanalyzed, the name
reselected, the response resynthesigzed, etc. The analysis
and synthesis loop can be executed iteratively for as long
as the material needs to be retained. This is not to say

that the response in question will necessarily be a fully
actualized, overt articulation, but merely some component
of the speech motor organization/ execution process (cf.
Liberman, 1957; Cooper, 1973).
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The evidence most strongly suggesting that storage
can involve a production component like thst outlined
above is exceedingly straightforward: people sometimes
tend to overtly repea’t items that they are trying %o
remember (Sperling, 1963; Hintzman, 1965). Even when the
repetition is not overt, EMG recordings indicate that the
speech musculature is active while verbal material is
being held in memory (e.g., Locke & Fehr, 1970, 1972).
In addition, it is well known that shorit-term memory
confusions are most frequently based on phonemic similarity
(Conrad, 1962, 1964), and that the precise nature of the
confusions is well predicted by linguistic "distinctive
feature" systems (Wickelgren, 1965, 19663 Klatt, 1968;
Cole, Haber & Sales, 1968, 1973; Cole, Sales, & Haber,
1969, 1974; Sales Cole, & Haber, 1969, 1974; Sales, Ezber,
& Cole; 1969; Cole, 1973 a,b, 1974). '

When a system which can be used for short-term storage
of verbal material is identified with operations involved
in information processing tasks in general, a conceptual :
framework results within which specific kings of interference
may be localized. Consider the initial analysis component
of the model. Craik and Lockhart (1972) have suggested
that modality-specific short-term memory phenomena (e.g.,
Kroll, Parkinson, & Parks, 1972; Crowder & Morton, 1969)
appear when incoming information is held at a perceptual
level of processing, rather than being analyzed by post-
perceptual processes. Although the present system lends
itself well to such an analysis, this paper will be pri-
marily devoted to situations in which the entire per-
ception~-selection-synthesis sequence geems involved in
storage.

Existing data are ambiguous with regard to the question
of whether subsequent perceptual processing interferes with
the retention of verbal material that has been processed
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beyond a perceptual level, The results of several inves-—
tigations suggest that intervening perception does not
result in memory loss, As mentioned in the previous
gsection, neither Reitman (1971) nor Shiffrin (1973)
found any storage loss produced by signal detection
tasks which, while extremely difficult in terms of the
perceptual discrimination, involved very simple responses.
Other experimenters have found that the simple occurrence
of noise in a retention interval (with no required re-
sponse) had no effect on memory (Sperling, 1963; Sloboda,
1969 ; Sloboda & Smith, 1968).

Others have reported results which might be inter-
preted as suggesting that interpolated sounds can produce
some interference with retention. Using fifth grade
children as subjects, Newell (1968) found that an un-—
expected scream during a retention interval reduced the
number of letters recalled from a consonant quintagram
~ by more than 50%, relative to recall after unfillled
intervals. Watkins, Watkins, Craik, & Masuryk (1973)
presented noun quintagrams followed by a retention in-
terval which was either unfilled, contained sequences
composed of four notes, or filled with a task in which
subjects were required to "shadow" the note seguences
by pressing four telegraph keys. After 20 second retention
intervals, mean recall scores (estimated from their
Figure 1) were 4.25 words after unfilled intervals, 4.0
words after intervals during which the tone was presented
but responding was not required; and 2.0 words after
intervals during which the tones were "shadowed"., Al-
though the decrement due to tone presence alone was small,
it was statistically reliable. Reitman (1974) and
Leshowitz, Zurek, & Robbins (1974) have recently found
some forgetting in a Brown-Peterson situation using tonal
distractors. Reitman used five-word memory items and tonal
detection as distraction. Under nonrehearsal instructions,
recall scores after 15 seconds of distraction were only
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T1% of the values obtained for immediate recall. Lesh-
owitz, Zurek, & Robbins (1974) found forgetting of word
trigrams only by some subjects after detection or intensity
~discrimination tasks up to 30 seconds in duration. '

Although the above results may suggest that some
interference with verbal retention may occur as a result
of purely perceptual distractior, it is not completely
clear that this is the case. The surprise scream may
have elicited any number of covert or overt reactions
from the children Newell (1968) used as subjects.
Watkins, et. al. (1973) presented the tonal stimuli to be
ignored on trials randomly mixed with "shadowing® trials,
and signalled the subjects %o avoid responding only after
the memory material had been presented. It is quite
possible that this procedure led 1o response selection by
the subjects for the first few tones, even though .the
responses were not overtly executed., This interpretation
is supported by their findings that the ignored tones
produced as much interference during 3 second retention
intervals as they did during 20 second retention intervals.,

Apart from problems of interpretation raised by post-
hoc subject classification in the Leshowitz, et. al. (1974)
study, subjects received a monetary bonus for rapid respond-
ing to interpolated stimuli. It is possible that requiring
rapid responding causes even the decision involved in a
simple yes-no response to produce measurable interference.
Reitman's results may have been entirely due’ to nonre-
hearsal instructions, rather than to the detection task.
Recall scores after the detection task with instructions
to concurrently rehearse were 98% of immediate recall
values. In any case, Reitman (1974) found 44% more for-
getting when a letter discrimination task was used during
retention of the five-word items.

Thus, the results of the above experiments do not
suggest interference with the perceptual component of the
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memory loop as strongly as might be surmised at first®
glance. It is possible that after initial perceptual
processing of the memory material has been completed,
- the processing of other material at a perceptual level
does not interfere with storage. Whatever perceptual-
like processes are involved in storage may not be suscept-
ible to interference by concurrent perceptual processing
of external stimuli. The possibility cannot be excluded,
however, that interference may occur at the perceptual
level, if either (1) the sounds to be discriminated are
acoustically more complex than the nonverbal sounds used
thus far; or (2) the sounds to be discriminated are speech
stimuli, and thus are highly perceptually similar to the
memory items. Reitman found large interfering effects
of an intervening speech discrimination task in both the
1971 and 1974 studies. These posgsibilities will be ex-
plored further in Experiments 1 and 2 of the present
paper.

From the data considered thus far, it appears clear
that tasks which involve complex verbal or nonverbal res-—
ponses produce forgetting in short-term memory experiments.
In terms of the model proposed above, it seems possible that
the response selection component is a very general mech-
anism used to some degree by any motor response, whether
verbal or nonverbal. Thus, tasks which involve complex
responses interfere with memory. It is not at all clear
that perceptually demanding tasks produce interference.
Why, then, have investigators consistently found that
difficult interpolated discrimination tasks involving
speech stimuli produce large recall deficits (Rabbitt, 1966,

1968; Reitman, 1971, 1974)? The possibilities that the
interference resulted from the acoustic complexity of

speech or from its similarity to the memory material have
already been mentioned. There are other possible ex-
planations, however. Evidence has been reviewed suggesting
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that there is reason to believe that, in certain cir-
cumstances, the processing of verbal material involves a
motor response component. In fact, the input analysis,
response selection, and response execution processes which
were proposed for the storage system seem readily identi-
fiable with the feature extraction, hypothesis selection,
and synthesis processes of analysis-by-synthesis (e.g.,
Halle & Stevens, 1962)., If the storage and analysis-
by-synthesis models are valid and refer to the same under-
lying system, they suggest that interference between
remembering old and analyzing new verbal material might
occur at all three stages of processing. In addition %o
requiring the same ipput or feedback analyzers, the two
tasks might compete for use of the response selection
mechanism, and/or for use of whatever component of the
execution process might be involved in the two tasks.
In this context, Experiments 2,3, and 4 were undertaken
in the attempt to localize the interference with verbal
memory produced by interpolated verbai processing.

Experiment 1

Experiment 1 examines the effect on short-term memory
of some extraverbal differences between Reitman's (1971,
1974) tonal stimuli and her syllable stimuli. Unlike her
tonal detection condition, her discrimination condition
involved processing approximately 30 discrete syllables

per trial and making a yes/no decision 2bout each item.

It is possible that this discrete-item decision task en-
gages a qualitatively different analytic process from that
involved in waiting for a signal's occurrence, unrelated
to the fact that the items Reitman used happened to be
verbal, PFor example, the occurrence of the stimuli at
regular rates would seem to result in defined detection
intervals, a procedure which is known to affect signal
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detection performance (Egan, Greenburg, & Schulman, 1964).
Secondly, the verbal stimuli were acoustically more complex
than the stimulus in the tonal task. If perceptual and
memorial processing involve capacity limitations determined
by the number of "features" composing a stimulus (lassaro,
1972), one might expect an interpolated stimulus more
complex than the tones used by Reitman (1971) and Shiffrin
(1973) to produce a larger retentién decrement. :

Method

Subjects. Subjects were 20 undergraduate and 16

graduate psychology students at the State University of
New York at Binghamton. Sixteen of the undergraduates
received course credit for their participation. None
of the subjects were trained psychophysical observers,
but previous participation in memory research was permitted.

Desigg. The 36 subjects were randomly assigned to
four groups of nine, with the restriction that the grad-
uate students were equally distributed among the groups.
A Brown~Peterson procedure was used with a 16 second
retention interval. Groups differed in terms of retention
interval filler activity.

Retention interval tasks. The signal detection
group engaged in a simple detection task similar to those
used by Reitman (1971, 1974) and Shiffrin (1973). Signals
were 70 msec segments of a 1000 Hz. square wave which were
to be detected in broad-band noise.

Subjects in the frequency discrimination group

monitored a series of discrete 70 msec 1000 Hz square

wave pulses for occurrences of a pulse whose fundamental
was slightly above 1000 Hyz in frequency. Pulses were
presented at the rate of 1/sec. Although performance data
indicate that the discrimination was difficult (see below),
pulses were presented at a comfortable intensity without
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masking noise and were clearly audible. This condition
was intended to assess the effect on memory of a task
involving decisions about each member of a series of
discrete nonverbal items.
The clatter discrimination group listened for

changes in an acoustically compléx stimulus. The stimulus
was the clatter produced by the rotation of plexiglass

boxes containing sheet metal screws. This stimulus has

been previously found to elicit investigation by rats
(Aldridge & Burright, 1974). Six such boxes were constructed,
each mounted on the ghaft of a separate 10 rpm electric
motor. The peak intensity of the sound produced by each

box during a 1 min period was measured on the A scale of

a General Radio 1551A sound level meter set at "fast",

with a General Radio 1560-P6 microphone located approx-—
imately 30 em from the center of the array of boxes.

Peaks of 51 db were obtained for each of three of the boxes,
52 db for each of two others, and 54 db for the remaining
box. When all six boxes were operated for 1 min, the peak
measured intensity was 57 db. During a retention interval,
either one, two, or three of the boxes rotated contin-
uously. The signals to which the subjects responded

were two second intervals during which the remaining

five, four, or three boxes were also rotated. Thus,
"signal” always consisted of the operation of a variable
number of boxes. By increasing the number of boxes pro-
ducing "noise" (thereby decreasing the amount of difference
between the "noise" and the %"signal®), task difficulty
could be varied to obtain an approximately equal per-
formance level for gll subjects. The boxes were rectangular
(4.5 X 4.0 X 7.5 cm) and were rotated about the long axis.
Since a complete rotation required six seconds, the sound
produced by one box was fairly regular with intensity

peaks as the screws struck the small face of the box

after sliding along the long face. When the number of
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boxes rotating was changed, the sound changed along

several dimensions, the most noticable of which were
temporal characteristics, quality, and intensity. This
condition was intended to assess the effect on memory of
processing a complex nonverbal stimulus during retention.
Finally, in the letter discrimination group, subjects

listened to a string of spoken "Bs" in noise for occurrences

of spokem "Ps", The letters were spoken in a monotone

at a rate of 1/sec by a male native speaker of English.
Materials and Apparatus. Memory items were single

trigrams with a Witmer association value of less than
30% (Underwood & Schultz, 1960). Presentation of stimuli
was accamplished using digital logic and a set of solid
state timers connected to reed switches. The equipnent
was operated by control signals recorded on two track
magnetic tape and played on & Wollensak 6250 stereo
recorder. Each channel of the recorder was connected
to the logic and timers via independent Schmitt triggers.
The experiment required three tapes. For the letter
discrimination condition, memory items and discriminanda
were recorded on the same tape as the control signals.
For the other three conditions, only memory items and
control signals were recorded. Because of differences
in the nature of the control signals required, the clatter
condition and letter condition required separate tapes.
The same control tape was used for the signal detection
condition as for the frequency discrimination condition.
In the clatter condition, the clatter boxes were located
approximately 10 cm behind the subject's chair and .5m
above the floor. ' All other stimuli were presented bin-
aurally over high~fidelity Koss Ko 727 B stereo headphones
after mixing, either from the tape or from tone or noise
generators. In the clatter condition, subjects heard the
memory items over the headphones. The headphones were then
automatically disconnected when the clatter was operating.
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In the letter discrimination condition, discrim-
inability was manipulated by adjusting the intensity of
the white noise before mixing with the letters. White
noise was produced by an Elgenco 624A Gaussian Noise
Generator. ZIach letter was independently spoken: stimuli
were not repetitions of one another.

For the detection and frequency diserimination groups,
a timer-controlled reed switch repetitively closed for
70 msec and opened for 930 msec. In the signal detection
condition, the tone was delivered to the headphones when
the gwitch closure occurred during a 930 msec control
pulse from the tape recorder, With this apparatus, a few
intended signals failed to be delivered, when the control
pulse began just as the switch opened and ended just as
the switch closed. So that the experimenter would be
aware of the number of signals actually delivered, a
signal light located out of the subject's view was ill-
uninated for the durationm of any signal actually delivered
to the headphones. If a signal failed to be delivered,
or was seriously shortened, the light failed to reach its
full brightness. When this hapvened, the event was con-
‘sidered a nonsignal., Although this method of signal
pregentation is somewhat crude, signals which were not
delivered or were shoriened were rare, and the apparatus
seems adequate for present purposes. In the signal det-
ection condition, discriminability was manipulated by
adjusting the intensity of the signal by means of a
Hewlett- Packard 350D Attenuator Set before mixing with
the noise.

The instrumentation for the frequency discrimination
group was similar to that for the signal detection group,
and the same control tape was used. For both conditions,
the square waves were produced by a Wavetek 131A VCG -
Generator., For the frequency discrimination group, a
1000 Hz tone was delivered to the headphones whenever
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the 70 msec switch was closed during a retention interval,
A control pulse from the tape recorder caused the voltage
to be increased at the VCG input of the Wavetek, which :
in turn increased the frequency of the signal. The prdblems
with signal shortening discussed above were also present
in the frequency discrimination condition. Discriminability
in this group was manipulated by adjusting the "signal"
VCG input voltage. This was accomplished using the
Hewlett-Packard attenuator.

In all conditions, subjects indicated a detection of
the appropriate retentiom interval signal by pressing
a telegraph key. Responses were manually recorded by
the experimenter, who monitored a display indicating
occurrences of signals, hits, and false alarms.

Procedure. Each trial began with a recorded warning
burst of white noise one sec in duration. A recorded
trigram then occurred during a 2 sec period, and was
preceded and followed by .5 sec of silence., The 16 sec
retention interval then began, followed by a 5 sec recall
interval. Seven sec elapsed between the end of the recall
interval and the next warning dburst. The recall interval
was signaled to the subject by a small light next to the
telegraph key which remained on for the 5 sec. No feed-
back was given regarding either memory performance or
interpolated task performance. ‘

Interpolated task difficulty was rdughly equated across
subjects by a pretest with each subject which determined
the discriminability level producing a 50% hit rate with
a minimal false alarm rate. The pretest involved 21
l6-sec intervals during which either three, four, or five
signals occurred. Pretest trials were presented in the
same manner as memory trials, except that no memory items
were presented. Since some pilot subjects had been
unable to perform the clatter discrimination, subjects
used in the clatter condition of the experiment were allowed
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to watch the boxes for three 16 sec sample trials before
the pretest. This visual pre-exposure allowed performance
on the clatter task to reach a level comparable to that
in the other conditions. |

Following difficulty level adjustment, subjects were
instructed regarding memory trials. The instructions
emphasized that during a retention interval the subject
should "concentrate completely" on the filler task and not
"think about" the memory letters in any way. A verbatim
sample set of instructions (that used for the clatter
group) appears in Appendix A,

After instructions there were 38 trials. The first
six and last six trials contained no memory items. These
trials were used to measure performance on the filler task
with no memory load. During a retention interval, 0-

5 signals could occur., The number of signals per trial
was randomly determined, with the restriction that each
block of six trials contain exactly one *rial with each
of the possible frequencies of signal occurrence (al-
though due to apparatus limitations discussed above,

it was impossible to rigidly adhere to this restriction
for the frequency discrimination and signal detection
groups). The time of occurrence for each signal within a

retention interval was randomly determined, with the
restriction that signal onsets be at least 3 sec apart.
Subjects were not informed of these restrictions. ZEach
subject experienced, in the same order, the same trigrams,
signal frequencies, and signal times of occurrence.

Recall of the trigrams was verbal, and any responses
made after the 5 sec recall interval were scored as in-
correct. On the clatter discrimination task, the first
response made during a two sec signal intervzl was scored
as a hit, with other responses scored as false alarms.
For the other conditions, a hit was a response occurring
in an interval 140-1140 msec after onset of a signal.
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Results and Discussion

The first six memory trials were considered practice
and were not included in the data analysis, so mean recall
scores are based on 20 trials. Graduate student means
were nearly identical to undergraduate means, so the. data
from the two populations were pooled. Individual recall
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