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Abstract
ATTENTIONAL STRATEGIES AND PROCESSING CAPACITY
IN DICHOTIC LISTENING
by
Jack Bookbinder

Adviser: Professor Eli Osman

A person can attend to a verbal message in one ear
while seemingly ignhoring a second, simultaneously
presented verbal message in the other ear. There is
considerable controversy over the extent to which the
unattended message is éctually processed. A currently
popular view is that simple perceptual processes occur in
both inputs automatically without consuming any processing
capacity. According to this view, the appropriate message
is selected for attention only during later stages of
cognitive processing. Proponents of the contrasting
early-selection view maintain that few processes, if any,
are resistant to attentional manipulations. Thus,
according to this latter view, attention to one message
can result in considerable impoverishment in the
processing of the other message when there is a strain on
the supply of processing capacity.

The increasing acceptance of the automatic processing
view has been due in part to procedural faults in those
dichotic listening experiments which seemed to providé

evidence for early-selection. Criticism has centered on



inherent peculiarities.of the popular shadowing task in
which the listener must repeat one of the messages as it
is presented. The purpose of the present experiments was
to test for confirmation of the earlier conclusions in a
non-shadowing task and to clarify the dependence of the
results on available processing capacity.

In Experiment I, the subjects listened to dichotic
megsages consisting of 20 paired (simultaneous) single-
syllable words. The message in the primary ear always
contained 6 randomly placed color words; the message in
the secondary ear never contained any color words. The
main task was to press a button upon hearing each color
word. In addition, the subject was to detect a non-color
target word which was designated at the beginning of each
trial and could appear in either ear. Except for the main ’
task, Experiment II was identical. The main task was to
press a button following every third word pair and thus
did not require a semantic analysis of either message.

Approximately 80% of the target words were detected
in either ear in Experiment II and in the primary ear in
Experiment I. Less than 40% of the target words in the
secondary ear in Experiment I were detected. While
detection performance in the primary ear was independent
of main task performance, there was a significant
negative correlation between main tgsk performance and

secondary ear detection performance in Experiment I.
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The same messages'were used in Experiment III.
Detection of a pre-designated target word was now the
primary task. In the Pre-knowledge (focused) condition,
the subject knew the target ear in advance. In the No-
knowledge (divided) condition, the target could appear on
either ear. The difference in processing capacity
required was measured by the differences in rate of
performance on a secondary task. The secondary task was
the simultaneous performance of a simple written numerical
exercise.

Target detection performance in Experiment 11T was
almost perfect in the focused condition and significantly
better than it was in the divided condition. While
several subjects did perform the secondary task at a
faster rate in the focused condition, the secondary task
rates were similar for most subjects for the two
conditions. In any case, the target detection task was
performed more effectively and efficiently in the focused
condition.

The entire pattern of results of the three
experiments seems consistent with limited capacity models
of attention which do not assume automatic processing. In
addition, the existing evidence for automatic processing
in dichotic listening is reviewed in detail and found to

be inadequate.
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Chapter I
BACKGROUND

The dichotic listening paradigm, beginning with the
experiments of Cherry (1953) and Broadbent (1958), has
played a central role in the study of attention during the
past two decades. In a dichotic presentation, different
auditory messages are simultaneously presented to the
subject's right and left ears by means of stereo head-
phones. These messages have ranged from tone bursts to
sequehces of letters of the alphabet to prose taken from
familiar novels. In the contrasting conditions of divided
and focused attention (Treisman, 1969), subjects must
either attend to the messages in both ears or to only one
of the messages. The results of such experiments are
quite controversial. Posner and Snyder (1975a), for
example, in developing the concept of automatic memory
activation, cite certain dichotic listening studies as
suggesting that very complicated processing occurs in the
unattended ear in focused attention. Shaffer (1975,

p. 161), on the other hand, states: "The more pessimistic
views on the 1limits of human attention have derived
support largely from the failure of subjects to handle
simultaneous auditory messages.” Such disparity
accentuates the need for a thorough understanding of the

attentional strategies available to subjects engaged in



various types of dichotic listening tasks. There is no
reason why the performance of subjects attempting
different kinds of tasks need converge in any simple way
on a unitary concept of attention (Spelke, Hirst, &
Neisser, 1976).

A central theme of Neisser's (1976) recent book
provides a strong rationale for the use of dichotic
listening in the study of attention. He argues that
theories should say something about what real people do in
real situations; they should have "ecological validity.”
In a highly critical discussion of contemporary visual
research, Neisser notes that a typical tachistoscopic
display comes close to not existing at all so that it is
almost as if "ecological invalidity” was deliberately
incorporated in the experimental design. In his view,
tachistoscopic experiments do not tap normal perceptual
skills and the term perception should not be applied to
anything that occurs in them. in sharp contrast, Neisser
applauds the technique of shadowing in dichotic listening.
This procedure requires a subject to repeat back word for
word the contents of a given message; when presented with
dichotic messages, the subject is typically asked to
shadow the message in one of the ears as a means of
'focusing his attention' on that ear. In the opinion of
Neisser (1976, p. 81), shadowing " ... presents the subject

with a more or less continuous and meaningful event over a



substantial period of time. It is one of the few
experimental procedures that offer information to the
perceivers in a natural way and allow the pgrceptual cycle
to run its normal course.”

It is obvious that presenting a subject with
simultaneous dichotic messages falls short of the
requirements for 100% ecological validity. Neisser's
(1976) comments, though, are an indication of why the
dichotic listening paradigm, especially when combined with
shadowing, has maintained its popularity and usefulness in
the study of central attentional processes.

Much of the ambiguity in dichotic listening research
has been due to the possible role that memory might play
in specific experimental tasks. If an experimental task
has a memory component, it becomes unclear as to whether
any attentional effects should be considered as occurring
'early' as opposed to 'late.' Early-éelection models
(Broadbent, 1958, 1971; Treisman, 1960, 1964; Treisman &
Geffen, 1967) allow for analyées of simple physical
features (e.g., spatial location, voice pitch)
simultaneously 5ut it is postulated that higher order
analysis ( i.e., semantic content) of all inputs
simultaneously would ovepload the limited capacity of the
perceptual system. For the most part, only the.attended
message is analyzed beyond the level of simple physical

features. Introspective reports are generally consistent



with an early-selection approach. In commenting on the
difficulty of shadowing, Norman (1976) suggests that one
must try the task in order to appreciate the way it
distracts attention from the other material; the
impression you receive is that of a limited ability to
process the material.

According to early-selection theories, certain
attentional effects are truly perceptual in nature
occurring prior to and/or independently of higher order
cognitive processes. Alternatively, late-selection models
(Deutsch & Deutsch, 1963; Norman, 1968, 1969; Shiffrin,
1975, 1976; Posner & Snyder, 1975a, 1975b) attribute all
attentional effects to processes that follow full percep-
tual processing of all incoming stimuli. In the dichotic
listening situation, it is assumed that there is an
automatic analysis for meaning of all individual verbal
items. Attentional mechanisms operating in short-term
memory then determine which items (i.e., which ear) are
analyzed beyond the level of simple meaning. Using the
terminology of Shiffrin and Grantham (1974), "systemic
processing” results in a flood of unattenuated sensory
information being dumped into short-term memory. It is
"cognitive processing” (i.e., control processes such as
scanning, rehearsal, coding, and decisions) in short-term
memory which makes demands on the limited capacity system.

Attentional effects are thus seen to arise only during the



cognitive processing which follows automatic systemic
(perceptual) processing.

When subjects are required to shadow the material in
one ear, retention of the material presented simultaneously
to the nonshadowed (nonattended) ear is poor (e.g., Cherry,
1953; Moiay, 1959; Lyons, 1974). This finding can be
explained either by assuming early-selection or by
agsuming late-selection during cogniti&e processing only.
In reviewing the existing literature at the time, Egeth
(1967, p. 48) commented: "It is surprising how difficult
it is to find a study which actually could measure a
perceptual effect uncontaminated by a possible influence
of memory.”

In recent years, there have been a number of
demonstrations of simultaneous semantic processiné of
dichotically presented messages. This has resulted in the
acceptance by many authors of the automatic processing view.
The impact of several specific experiments is especially
noteworthy. These experiments are worthy of careful
scrutiny inasmuch as specific instances of simultaneous
p:ocessing need not be inconsistent with non-automatic
limited capacity models.

Review of the Evidence for Automatic Processing in
Dichotic Listening

As noted above, experiments which are designed %o

directly tap the subject's memory for unattended items are
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not likely to be decisive (e.g., Moray, 1959; Norman, 1969;
Glucksberg & Cowen, 1970; Katzin, Corballis, & Lockhart,
1972). Performance decrements can usually be attributed
either to a perceptual or to a memory deficiency. Several
experimenters have taken a rather novel approach. The
experimental task requires the subject to attend to only
one ear and no responses are ever required to items on the
other ear. The degree to which unattended items are
processed is indirectly determined. In such situations,
evidence for semantic processing of items on the unattended
ear is taken as strong support for automatic processing.

Lewis (1970) Was one of the first to use the indirect
approach. His subjects shadowed a list of words in one
ear while a different list of words was simultaneously
presented to the other (unattended) ear. In order to
prevent switching of attention between the ears, the words
were presented at a fast rate (1 word/0.67 sec) and error-
less shadowing was required. No subject was able to report
any word from the unattended ear while maintaining error-
less shadowing. Lewis recorded shadowing latencies; i.e.,
the time between the presentation of the word to be
shadowed and the actual shadowing response. He found that
shadowing latencies increased when a synonym of the
shadowed word was presented simultaneously on the
unattended ear. This suggested to Lewis that the
unattended message did enjoy the benefit of full perceptual



(semantic) analysis; selection followed and storage or
admission to awareness.

Treisman, Squire, and Green (1974) questioned Lewis'
(1970) conclusion. They replicated the synonym effect but
found that it only occurred for synonyms occurring early
in the list. Furthermore, the data indicated that the.
early increased reaction time was due to a few very long
latencies rather than a small increase on every trial. In
discussing their results, Treisman et al. (1974) commented
(p. 646): "This experiment again illustrates the
difficulty of finding conclusive evidence for (or indeed
against) consistent and unimpaired semantic analysis of
'unattended' words." The aethors suggested that synonyms
were recognized on the unattended ear because they were
related to the shadowed word and that the other unattended
words were not analyzed. This would be most likely on
trials in which the unattended word began slightly ahead
of the shadowed word allowing for serial identification of
the unattended word prior to the shadowing response. The
results of Treisman et al. (1974) were consistent wifh this
hypothesis. Not only was the synonym effect confined to
‘the early portion of the list and limited to a small
proportion of the trials, the longer reaction times tended
to occur for those synonyms which began prior to the onset
of the shadowed word. (The authors reported mean

asynchrony to be 40 msec, with a rahge of -112 to +143.)



Due to the fact that the synonym effect was evident
only in the early portion of the list, Treisman et al.
(1974) suggested that it might take time for capacity to
become fully loaded by the attended message and for
efficient focusing to take place. Direct support for this
hypothesis comes from a study by Ambler, Fisicaro, and.
Proctor (1976); Evidence from a variety of experimental
tasks has indicated that pupil dilation reflects the
momentary mental effort invested in a given task (Kahneman,
1973). Ambler et al. (1976) found pupil dilation to be
greater in a shadowing task than in a non-shadowing task
in support of the idea that the amount of capacity invested
in shadowing is reflected in the pupil dilation measure.
Furthermore, they found that pupil size decreased over
time as shadowing continued. The authors considefed this
result to be consistent with the proposal of Treisman
et al. (1974) that it takes time for attention to become
focused on the relevant message. Effects of the type of
material on the unattended ear were also found. Pupil
dilation was greater‘when there were words on the
unattended ear than when there was White noise. Further-
more, categorical similarity between the items on the two
ears interfered with the ease of focusing on one ear.

When subjects had to shadow letters on one ear, pupil size
did not decrease with list position when the items on the

unattended ear were also letters.



The experiments of Treisman et al. (1974) and Ambler
et al. (1976) are important because they cast considerable
doubt on the automatic processing interpretation which
Lewis (1970) offered for his results. It is not
particularly surprising that Ambler et al. (1976) found,
at best, only small decreases in pupil size as shadowing
continued when there was categorical similarity between
the dichotic lists. The authors discussed their results
in terms of Kahneman's (1973) notion of spare capacity.
When shadowing, subjects do not use all of the available
processing capacity. Some of the spare capacity is used
when shadowing becomes more difficult due to interference
from the unattended message; the result is no increase in
shadowing errors but an increase in pupil size. This is
consistent with the report of Salter (1973) that his
subjects demonstrated considerable success in the
simultaneous shadowing of messages in both ears, thus
suggesting that there was spare capacity available when
only one ear was shadowed.

Mackay (1973) used a procedure which was similar to
Lewis (1970) in that no response was required to the
unattended message. The subjects shadowed lexically
ambiguous sentences in the attended ear. Without the
subject's knowledge, a disambiguating word was presented
on the unattended ear during the presentation of the

sentence. For example, the sentence might be "They threw
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stones at the bank” and the corresponding word on the
unattended ear would be "river"” or "money."” Later, a
recognition test would be given for the shadowed messages.
For the examples cited, the recognition test sentences
would be "They threw stones at the side of the river" and
"They threw stones at the financial institution.” Despite
claims by the subjects that they were unaware of the words
on the unattended ear, the recognition test results
suggested that the word in that ear biased the lexical
analysis of the shadowed sentences. Mackay (1973)
concluded that unattended words arevpfocessed at the
meaning level but memory for them decays rapidly. He
postulated that attended items are simply processed at
deeper levels so that awareness and long-term storage
result. This analysis is consistent with the currently
popular levels-of-processing approach (Craik & Lockhart,
1972) to memory. Lackner and Garrett (1972) reported
findings similar to Mackay (1973).

Experiments such as those of Lewis (1970) and Mackay
(1973) were received with enthusiasm by proponents of
automatic processing because semantic analysis of fhe
unattended messages was indicated despite the fact that
there was no reason for the subjects to 'switch attention'
to the unattended ear. éosner and Snydér (1975a) cite
these experiments in the context of discussing evidence for

automatic activation of memory pathways. They note,
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though, a degree of circularity (p. 60): ”In these
experiments there is a semantic relationship between the
attended and unattended items; thus, the effect could
depend upon having an already activated locus in memory
related to the unattended item.” This is similar to
the remark of Treisman et al. (1974) that the synonym
effect of Lewis (1970) might have occurred because the
critical words were synonyms and not because all unattended
words were analyzed for meaning.

0f particular interest are several experiments which
have measured galvanic skin responses (GSR) to critical
events on the unattended ear. As Posner and Snyder (1975a)
note, these experiments have eliminated the problem of
relatedness discussed above. Corteen and Wood (1972)
presented their subjects with a tape-recorded list of 12
words which was repeated three consecutive times. Three
of the words were city names and the rest were common
nouns. The subject received a mild electric shock upon
each presentation of a city name. In Part II, the
subjects shadowed a prose message in one ear while a list
of words was simultaneously presented to the other ear.
The unattended word list was played at the rate of 1.6
words/sec and contained 480 words. Twelve of these words
were critical: 6 words from Part I including the 3 shock-
‘associated city names and 3 non-city names, and 6 new

words including 3 city names and 3 non-city names. GSR
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measurements were taken as the subject shadowed the
message in the attended ear. Significant GSR changes
were recorded 33.7% of the time in response to the
original shock-associated city names and 22.8% for the new
city names. This compared to 12.3% for Part I non-city
names and 8.7% for new non-city names. Post-experimental
questioning indicated that the subjects were not aware of
having heard any of the critical words.

The findings of Corteen and Wood (1972) were quite
important since they were consistent with the somewhat
intangible concept of semantic processing without aware-
ness., 1In discussing the experiment, Corteen and Dunn
(1974, p. 1143) commented: "but the study would be quite
trivial if it could be demonstrated that Ss were aware even
momentarily of the significant words.” The subjects could
have been aware of the critical words at the time of
vresentation but forgotten this fact when questioned later.
To remedy this situation, Corteen and Dunn (1974) adopted
the procedure introduced by Treisman and Riley (1969).
During Part II of the experiment, the subject was to
immediately sfop shadowing and press a buzzer upon
detecting any city name; otherwise, the procedure followed
that of Corteen and Wood (1972). For all subjects, there
were 114 instances of a city name in the unattended
message but the buzzer was pressed only once. Aside

from this single detection, there were 41 instances of a
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significant GSR change, 38 of which were in response to
city names. The results were taken as support for the
position that semantic processing could occur without
conscious awareness. The reader will surely appreciate
how crucial are the Corteen and Dunn (1974) results for
automatic processing theories.!

Other experimenters (Moray, 1970; von Wright,
Anderson, & Stenman, 1975) have also reported GSR changes
in response to critical items on the unattended ear. The
GSR findings have important implications for all aspecfs
of perceptual and cognitive functioning. In particular,
the relevance to such controversial topics as subliminal
perception and perceptual defense is obvious (see Erdelyi,
1974). Recently, however, the GSR findings have come under
attack. Bowers and Brenneman (1974) attempted an exact
replication of the Corteen .and Wood (1972) experiment.

The original findings were not replicated. In fact, the
response rate to previously shocked city names was less

than to any other class of critical words and this was true

1There is one rather disturbing aspect of the Corteen
‘and Dunn (1974) results. The extremely low detection rate
(1 out of 114) is quite atypical for detection of verbal
targets in the nonshadowed message. The subjects of
Treisman and Geffen (1967) also shadowed prose and were
required to make detection responses on a continual basis.
They detected 8% of the nonshadowed targets. While shadow-
ing prose, Sullivan's (1976) subjects detected just under
50% of the nonshadowed targets. The Treisman and Riley

- (1969) study is discussed in detail in the next chapter.
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for all subjects. The authors report that Corteen
indicated to them in a personal communication that he has
been unable to replicate the effect after the first two
studies (Corteen & Wood, 1972; Corteen & Dunn, 1974).

Another replication of Corteen and Wood (1972) was
attempted by Wardlaw and Kroll (1976). The GSR rate for
the originally shocked city names (28.7%4) was not greater
than that for the other nouns (32.9%). The authors
report that 83.3% of the subjects said they had expected
to hear, and receive shocks following, the original city
names during the presentation of the dichotic lists. 1In
contrast to Corteen and Wood (1972), 66.7% of the subjects
in Wardlaw and Kroll (1976) heard and remembered words
from the unattended ear; 16.7% remembered specific city
names.

The failures to replicate the results of GSR dichotic
listening experiments are quite important because of the
frequency with which such experiments are cited as
evidence for automatic processing. The concluding
paragraph of Wardlaw and Kroll (1976, p. 360) is pertinent:

It would seem that the semantic processing

of words presented in the nonattended message,

while subjects shadow the attended message, is

more difficult to obtain than one would believe

from a cursory reading of the literature. We

made every attempt to replicate the experiment by

Corteen and Wood but did not obtain any indication

of such processing. The experiments by Moray

(1970) and von Wright et al. (1975) are provocative

but hardly definitive. 1In fact, we believe that

after a careful reading of these two experiments,
the reader will be more impressed with the



difficulties involved with this type of research
than with the robustness of the effect.

Of relevance also is Neisser's (1976) discussion of
experiments which have used indirect measures of the
influence of unattended information. Neisser (1976,

p. 94) cautions:

In stressing that these findings are difficult

to replicate, I do not mean to deny that they are
genuine. There is now no doubt that some "naive”

subjects pick up the meanings of some "irrelevant”

words, at least under some conditions. It has
been suggested that this fact invalidates filter
theory, and it probably does. We need not
conclude, however, that all subjects pick up all
meanings of all irrelevant words, and it would be
a mistake to theorize about attention as if this
had been demonstrated.

It would seem, therefore, thét although there has
been a growing trend toward acceptance of automatic

processing, the evidence favoring this view is not

15

convincing. The present experiments were aimed at testing

the automatic processing assumption.
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Chapter II

EXPERIMENTS I AND II
A. Introduction

Treisman and Riley (1969) performed an experiment
which has stirred considerable controversy. The
experiment was performed in response to criticism (Deutsch
& Deutsch, 1967; Lindsay, 1967) of an earlier experiment -
(Treisman & Geffen, 1967) which had produced results
consistent with the predictions of early-selection.
Treisman and Riley (1969) presented their subjects with
computer-synchronized simultaneous dichotic messages |
congigsting of 16 pairs of items at a rate of 1.8 pairs per
sec, One pair consisted of a digit on one ear and a
letter on the other while both members of the remaining
pairs were digits. The primary task was to shadow as
accurately as possible the digits on one ear. The
secondary task was to stop shadowing immediately and +to
tap with a ruler upon detection of a letter in either ear;
target letters appeared equally often in each ear. The
two messages of each dichotic pair were recorded by the
same male voice. In one condition, however, the target
letter was recorded by a woman and the subject was told
before each trial whether the letter would be spoken by
the male voice or the female voice.

The important aspect of this éxperimental design is
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that the secondary response (i.e., target detection) is
immediate and does not involve memory limitations. In
addition, the secondary response is identical regardless
of which ear the target appears in. Nonetheless, when the
target letter was in the same (male) voice, Treisman and
Riley (1969) found that many more targets were detected in
the shadowed ear compared to the nonshadowed ear
('corrected' scores of 76.4% and 33.4%, respectively).

The authors argued that their results confirmed the
hypothesis of a perceptual limit in this type of selective
listening task. Detection perfofmance was almost perfect
in both ears for the different {(voice) targets; this
result is consistent with the findings of equal detection
performance in the shadowed and nonshadowed ears wben the
targets are tones and thus are quite distinct from the
background message (Lawson, 1966; Zelnicker, Rattock, &
Medem, 1974). '

Although the main findings of Treisman and Riley
(1969) have been confirmed in several related studies
(e.g., Treisman & Geffen, 1968; Underwood & Moray, 1971;
Underwood, 1974), they have not proved fatal to lafe-
selection automatic processing theories (see Shiffrin,
Pisoni, & Castenada-Mendez, 1974; Shiffrin, 1976.) The
use of shadowing has beeﬁ the main source of cohtroversy.
Shadowing is a difficult task which does contain a memory

component. The average shadowing response lag of 3 items
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(1.2 sec) found by Treisman and Geffen (1967) was about
the same as the target detection latency. 1t seems
possible, if not likely, that the covert processes (i.e.,
rehearsal) involved in preparing to shadow the target item
might impart a substantial advantage to the detection of
targets in the shadowed message even though the detected
targets themselves were not shadowed in Treisman and Riley
(1969). A further problem in interpreting shadowing
experiments arises from the finding (Sullivan, 1976) that
detection of word targets in the nonshadowed messages
increzses with the redundancy (approximation to English)
of the shadowed message. Underwood and Moray (1971)
questioned the reliability of the shadowing technigue
because of an interaction involving the sex of the
shadower and the sex of the target voice; less targets
were detected when the shadower's own voice was similar to
the target voice than when it was different.

There is one aspect inhereht in shadowing one message
in a dichotic presentation which is of particulér
importance. In order for a subject to shadow one of the
two messages,lhe is forced to distinguish between the two
messages. Assuming that the individual items in both in-
puts do indeed contact their memory representations
(Posner & Snyder, 1975a, 1975b), the subject must be sure
to shadow the correct one. If memory activation is

automatic, there should be considerable opportunity for
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the subject to shadow items in the 'wrong' message. 1In
fact, Treisman and Riley (1969) did report a high per-
centage (14%) of intrusions from the wrong ear and
Treisman (1969) has suggested that part of the difficulty
in divided attention tasks may be due to the requirement
to distinguish between the inputs. It would seem
mandatory that the subject develop an active strategy to
prevent shadowing of the wrong message. The task of
shadowing one of two dichotically presented messages is
made more difficult by the assumption of automatic
processing of both inputs. The difficulty in shadowing
may not arise so much from the act of shadowing itself but
from the requirement not to shadow the other message.
Salter (1973) required his subjects to shadow one (primary)
message and also to repeat as much as ppssible froﬁ the
other (secondary) message. The slight performance loss in
shadowing the primary message was more than compensated
for by the additional words shadowed in the secondary
message.

Inasmuch as the requirement to shadow one message
seems to demand that the subject 'ignore' the other
méssage, a result other than the one obtained by Treisman
and Riley (1969) would be rather surprising regardless of -
one's theoretical positién. The purpose of Expériment I
in the present study was to create a situation in which

equal target detection performance in both messages of a



20
dichotic presentation would not at all be unlikely but
where failure to obtain such a result would be clearly in-
consistent with the concept of automatic processing. The
-experimental design was similar to that of Treisman and'
Riley (1969) with the important exception that the main
task did not involve shadowing.

Experiment I was designed to ensure that any
difference in target detection performance between the two
dichotically presented messages could not be attributed to
differential memory requirements or the requirement that
the two inputs be distinguished (i.e., knowing which
message came from which ear). The main task was to
immediately press a button upon hearing each of several
color words which were interspersed among 20 dichotic word
pairs. 1In addition, the subject was to detect a single
pre-designated non-color word on each trial which could
appear on either ear. The color words, however, only
appeared on one ear (primary eaf) and never on the other
(secondary) ear. If both inputs are processed
automatically, this arrangement should be of little
consequence. The subject's knowledge of which ear receives
the color words is actually irrelevant to the response
requirements of the task. The subject need only press the
button whenever he hears a color word. . Thus, the subject
should do equally well in detecting the non-color target

words on both ears.
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Experiment II served as a control condition for
Experiment I. Except for the nature of the main task,
Experiments I and II were identical in every respect. The
main task task in Experiment II was to press the button
after every third word. Although this task is relatively
simple, the maintaining of dual-task conditions in both’
experiments allows for a fairer comparison of the target
detection results than had a single-task control been used
(see Kantowitz, 1974; Kantowitz & Knight, 1976a).

The dichotic word pairs used in the present study,
while approximately simultaneous, were not computer-
synchronized. Treisman (Treisman & Riley, 1969; Treisman,
1970) notes that it is difficult for a subject to identify
which ear a sound is coming from unless at least part of
it coincides with silence on the other ear. With precise
synchrony of onset, it is more difficult for subjects to
separate the two messages. It was considered important in
the present study that the subject hear two clearly
distinct messages with as little fusion (Treisman, 1970)

of the two messages as possible.
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B. Method

Apparatus

The word lists were recorded and played to the
subjects on a Sony Model TC-270 tape recorder. The
recording of the stimulus tapes as well as the experiments
themselves took place in a soundproof chamber. The
subjects heard the stimuli over Telephonics TDH-39 head-
phones. The outputs of the tape recorder were first sent
through a Krohn-Hite Model 3202 Filter set to paéé
frequencies below 6500 Hz. This procedure reduced tape
hiss considerably while having little noticeable effect on
voice quality. While the subject listened to the word
lists, the experimenter monitored the stimulus tape on a
second set of headphones. The specific activities of the
experimenter were hidden from the subject's view by the
tape recorders which stood .on the experimenter's table
between the subject and the experimenter.

The output of the right channel of the tape recorder
was re-recorded on the right channel of another tape on a
second tape recorder as each subject listened to the
stimulus tape. The output of a Clark-Hess Model 743
Function Generator was also fed into the right channel of
the second tape recorder via an open pﬁsh-button switch.
When the subject pressed the button, a tone was recorded.
(No tone was heard during the experiment.) A microphone

was connected to the left channel of the second tape
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recorder. Thus, the sécond tape recorder was
simultaneously recording the verbal contents of the right
channel of the stimulus tape, button-pressing responses
(tones), and verbal responses of the subject. Upon
listening to the 'subject tape' at the end of the
experimental session, the experimenter could determine
when the subject pressed the button or made a verbal
response in relation to the words on the stimulus tape.

The experimenter and the apparatus were located on one
side of the chamber while the subject sat a few feet awéy
on the other side with the push-button directly in front
of him on the table.
Stimuli

All word lists were recorded by the same female voice
at the same rate by keeping in rhythm with the clicks of a
memory drum. The clicks were previously recorded on tape
at the rate of 1 click/0.6 sec and the speaker listened to
them on headphones as she recorded each list. The words
used were frequent one-syllable words chosen from KuCera and
Francis (1967). No word appeared in more than one list or
.more than once within the same list. Special color words
(red, blue, green, pink, white, black, brown, and gray),
however, did appear repeatedly but a given color word did
not appear more than once in the same list. These were
the only color words present in any of the lists.

Five monaural lists, each consisting of 20 words, were
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recorded on the right channel of the tape. Six of the 20
words were -color words occurring randomly within the list
with the restrictions that no more than two consecutive
words were color words and a color word could not
occur earlier than position 4 or later than position 18.
Each list began with the introductory words "One, Two,
Three” which were recorded in rhythm with the 20 words
which followed.

Ten dichotic lists were recorded. The right channel
list of each dichotic pair was similar to the monaural
lists except that different non-color words were used.

The left channel list contained 20 non-color words and was
not preceded by the words "One, Two, Three." After the
right channel list was recorded, the left channel was
recorded with each pair of the 20 right-left pairs
occurring approximately simultaneously.

There were three main criteria for acceptance of each
pair of dichotic lists: (1) each list had to be recorded
in an uninflected monotone, (2) the two lists had to be of
approximately equal loudness, and (3) the members of each
word pair had to begin approximately simultaneously. It
was not essential that onset asynchrony be reduced to zero.
A word pair was accepted as being simultaneous if there
was no obvious onset asynchrony that was readily apparent
upon listening to the tape. The agynchrony was measured,

however, by feeding the two channels of the tape recorder
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into a dual storage oscilloscope and making a direct
visual comparison between the onset times of both members
of each word pair. The complete word lists with the
approximate asynchronies of each word pair are presented
in Appendix A2

The 15 lists (5 monaural and 10 dichotic) were
recorded consecutively on the same tape with an interval
of about 40 sec between the lists. Before each list was
played, one non-color word was designated as a target word.
The target word always appeared in the list; in the
dichotic lists, the target could appear in either the
right or left channel. When it appeared in the left
channel it never appeared opposite a color word on the
right channel. The target word never occurred earlier
than position 4 or later than position 17. .

The 15 lists were presented to the subject in
consecutive order three times at a comfortable listening
level. Each target word was used only once. The targets
used during the first (practice) presentation were

designated as Set P. The other targets comprised Sets 1

2While these asynchrony measurements are not precise, -
they do indicate that there was no tendency for one member
of the word pairs (right or left channel) to lead the
other. It was particularly difficult to determine the
exact onset time for words beginning with a "sh" or "s"
sound; this difficulty is reflected in the rather large
asynchrony estimates given for many pairs containing such
a word. While most estimates are accurate to within §
msec, some of the larger asynchronies may have been over-
estimated by as much as 25 msec.
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and 2. The targets in these two sets for the dichotic
lists had a special relationship. For a given 1list, the
target in Set 2 occurred in the same position as the
target in Set 1 but on the opposite channel. In other
words, the two targets for a given list were the right and

left channel members of one of the 20 simultaneous pairs

~ in the list. Subjects were not informed of this arrange-

ment. During each of the three presentations of the 10
dichotic lists, 5 targets appeared in the right channel
and 5 in the left channel. Targets did not appear in the
same channel for more than three consecutive lists. The
specific target words used are presented in Appendix B;
also indicated is the list position and approximate
asynchrony for each target word.
Experiment TI: Subjects

Sixteen right-handed Brooklyn College students of
both sexes took part in the experimenﬁ. Eleven under-
graduates participated to fulfill the requirements for ah
introductory psychology course. Two advanced under-
graduates and three graduate students volunteered.

Experiment I: ?rooedure

Inasmuch as the main task was to respond to color
words, the right channel lists containing the color words
are referred to as primary messages. The left channel

lists are referred to as secondary messages. The terms

"primary” and ”secondary” are used only as a means of
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identifying the color and non-color word lists,
respectively.

The 16 subjects were divided evenly into two groups.
The Right Primary Ear Group heard the monaural lists and
the primary messages of the dichotic lists in the right'
ear and the secondary messages in the left. The head-
phones were reversed for the Left Primary Ear Group.

The subject was first presented with the five monaural
lists in consecutive order. Before each list was played,
a card with a target word printed on it was placed on the
table in front of the subject and remained visible during
the playing of the list. The experimenter also pronounced
the target word out loud. The subject's main task was to
press the button in front of him immediately upon hearihg
each color word. When the subject heard the target word,
he was to immediately say the word "Now" and stop pressing
the button even though the list would continue. The
subject was reminded several times during the experiment
that button-pressing was the main task and it should be as
accurate as possible. The eight color words used in the
experiment wefe read to the sﬁbject before the first list
was presented. The subject was told to immediately
release the button after each press so that he would be
prepared to press it again. It was emphasized that it was
Just as important not to press at the wrong places (non-

color words) as it was to press to color words. During
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the break between each list, the next target word was
presented and the subject waited for the next list to
begin (with the words "One, Two, Three”).

The 10 dichotic lists were then presented to the
subject. The subject was told that he would again hear a
list of words in the same (primary) ear as in the monaural
condition and fhat he should again press the button each
time he heard a color word; a list of 20 different words
would be presented simultaneously on the other ear and the
target word could appear in either ear. It was
specifically mentioned that no color words would ever
appear in thé other (secondary) ear. If the subject
missed the target word, he simply continued the main task
until the list ended. The procedure was otherwise
identical to that in the monhaural condition. The
introductory words "One, Two, Three" were heard only in
the primary ear.

The first playing of the 15 lists constituted a
practice presentation. Two experimental presentations
followed with a break of a few minutes between each
presentation. Half of the subjects_in'each group listened
to the targets in Set 1 during the first experimental |
presentation and for the Set 2 targets during the second
experimental presentatioﬁ. The other subjects listened for
the targets in the reverse order. Before the first

experimental presentation, the subject was told that he
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might recognize some of the words in the next set of
lists since the same words were used in the previous
(practice) presentation.

Following the playing of the monaural lists, the ‘
subject was always informed that the dichotic lists were
about to begin. The purpose of presenting the monaural
lists prior to the dichotic lists was to give the subject
practice in the main task after each break in an easier
condition and to re-emphasize the fact that the color
words- would only appear in the primary ear; the latter was
also the reason for having the introductory words
presented to the primary ear only. The experimental

session was completed in about one hour.

Experiment IT: Subjects

- Sixteen right-handed Brooklyn College undergraduates
of both sexes participated in the experiment to fulfill
the requirements of an introductory psychology course.
Four other subjects were replacéd due to erratic button-

pressing in the main task .3

3These four subjects made consistent errors in the
main task while all other subjects made only an occasional
error, if any. This was not the result of a 'trade-off'
with the target detection task as each of the four subjects
detected less than the mean number of targets detected by
the other subjects; target detection performance was
extremely poor for two of the replaced subjects. The four
subjects commented that listening for targets made them
'lose track' of button-pressing. o
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Experiment II: Procedﬁre

Except for the nature of the main task, the procedure
was identical to that of Experiment I. Instead of
pressing to color words, the subjects were required to
press the button immediately after every third word; in
the dichotic condition, this meant pressing after every
third pair of words. This does not require semantic
analysis of the words in either message. However, since
the same stimulus tapes were used as in Experiment I,
one message always contained six color words. For
consistency, this message is still referred to as the
primary message and the non-color message as the secondary
message. The subjects were again divided into two groups:
Right Primary Ear and Left Primary Ear. Upon detecting a
target word, the subject said "Now" and stopped button-
pressing.

The subjects were told before hearing the first
practice list that each list contained a number of color
words because the same lists were used in a different
experiment in which the color words were important. They
Vwere told that in this experiment, however, the color words
had no special significance. As in Experiment I, the
introductory words were heard only in the primary ear.

The experimental session was completed in about one hour.
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C. Results and Discussion

Upon completion of each experimental session, the
experimenter listened to the subject response tape. The
experimenter heard the re-recorded primary message and the
tones signifying a button-press in the right headphone.
The verbal detection response "Now” was heard in the léft
headphone. The approximate latency of each response was
determined. If a response occurred before the word
following the appropriate word (i.e., color word or target
word), the latency was considered to be "immediate." If
the response was made during the presentation of the
following word, the latency was "1/2 word;" if it was made
during the interval between the following word and the next
word, the latency was "1 word,"” etc. The results reported
are from the two experimental presentations and not from
the practice presentation.

Main Task Performance in Experiment I

The measure of performance used is "% correct button-
presses.” For each list, the number of color words which
occurred prior to the target word was determined. This
number represents the maximum number of correct responses
for the list. For the dichotic lists, the maximum number
of correct responses for-all trials is 58; 29 for the 10
lists in each experimental presentation. The maximum

number of correct responses for all monaural trials is 27;
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12 when listening for the targets in Set 1 and 15 for
Set 2. Inasmuch as the results for the two presentations
were quite similar, the data were combined. The measure
of performance is defined as:
total number of
correct button-presses (1)

maximum number of
correct button-presses

% correct button-presses =

If a subject missed the target word, he kept
responding to color words which followed the target word.
Only responses made to color words occurring prior to the
targef word were considered however. Thus, the per-
centages for all subjects are based on the same maximum.
There were only a few scattered instances of false button-
presses in the entire experiment and these responses have
been ignored in the analysis.

The performance scores for each subject are shown in
the last two columns of Table 2.1. For all subjects, the
mean values for the dichotic and monaural conditions were
81.6% and 90.3%, respectively. The latency for most
responses was "immediate." This means that most responses
were made within about 0.6 sec from the onset of the color
word. With few exceptions, all responses were initiated
with latencies of 1 1/2 words or less; within approximately
1.2 sec from the onset of the color word. This compares
with the mean shadowing latency reported by Treisman and

Geffen (1967) of about 3 words which was equivalent to
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1.2 sec in that experiment (Treisman, 1967).

Main Task Performance in Experiment IT

Most subjects responded perfectly, responding
precisely after every third word. Other subjects made an
occasional error on one or two lists such as responding
after words 3, 6, 10, 12, 15 instead of 3, 6, 9, 12, 15.
Some subjects had a tendency to make slightly delayed
regsponses so that the tone on the subject tape partly over-
lapped the word following the third word. The generally
excellent performance in this task was expected inasmuch as
the responses occurred at well-defined equal time intervals
(see Hamilton & Hockey,1974).

Target Detection Performance in Experiments I and TIT

The number of target words detected by each subject
in the primary and secondary messages was determined for
each experimental presentation. Inasmuch as the results
for the two presentations were quite similar within each
experiment, the data were combined in Experiment I and in
Experiment II. Each subject had the opportunity to detect
10 targets in the monaural lists and 10 targets each in
the primary ahd secondary messages in the dichotic lists.
The number of dichotic list targets detected by each subject
in Experiment I is given in Table 2.1. The results for
Experiment II are shown in Table 2.2. Except for Subject 5
who detected 8 targets, detection performance in

Experiment I was perfect for the monaural lists. Except



Table 2.1

Number of
targets detected

Individual Subject Data for Experiment I

% correct

button-presses

34

Subject # Primary Secondary _D¥* Dichotic Monaural
Right
primary
ear
1 10 4 +6 72.4 92.6
2 9 3 +6 82.8 100.0
3 7 8 -1 75.9 85.2
4 9 3 +6 93.1 96.3
5 8 2 +6 84.5 74,1
6 9 0 +9 86.2 88.9
7 10 L +6 70.7 66.7
8 6 6 0 81.0 88.9
Mean (n = 8) 8.500 3.750 +4.750 80.8 86.8
Left
primary
ear
9 8 8 0 79.3 100.0
10 8 3 +5 81.0 88.9
11 10 6 +4 70.7 100.0
12 6 0 +6 98.3 85.2
13 10 0 +10 96.6 96.3
14 9 6 +3 79.3 100.0
15 10 6 +4 79.3 96.3
16 L 1 +3 7.1 85.2
Mean (n = 8) 8.125 3.750 +4.375 82.3 94,0
MEAN (N = 16) 8.31 3.75 +4. 56 81.6 90.3

*D represents the difference between the number of targets

detected in the primary and secondary messages.
indicates that more targets were detected in the primary
message than in the secondary message.

reverse.

"." indicates the

1® +ll
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Table 2.2

Individual Subject Data for Experiment II1

Number of
targets detected
Subject # Primary Secondary D*
Right
primary
ear
1 10 9 +1
2 10 7 +3
3 8 7 +1
4 9 10 -1
5 7 3 +4
6 8 10 -2
7 10 5 +5
8 7 9 -2
Mean (n = 8) 8.625 7.500 +1.125
Left
primary
ear
9 10 8 +2
10 9 7 +2
11 8 10 -2
12 7 9 -2
13 6 10 -4
14 7 4 +3
15 L 5 -1
16 7 9 -2
Mean (n = 8) 7.250 7.750 -0.500
MEAN (N = 16) 7.94 7.62 +0.31
*D represents the difference between the number of targets
detected in the primary and secondary messages. "+"
indicates that more targets were detected in the primary
message than in the secondary message. "-" indicates the

reverse.
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for Subject 15 who detected 9 targets, detection
performance in Experiment II was peffect for the monaural
lists.

The difference between the mean number of targets
detected in the primary and secondary messages in
Experiment I (8.31 and 3.75, respectively) was highly
significant (correlated (15) = 5.97, p< .001). Of the 16
subjects, 13 detected more targets in the primary message
than in the secondary message with the difference ranging
up to the maximum possible of 10 (see the column headed
"D" in Table 2.1).

The difference between the mean number of targets
detected in the primary and secondary messages in
Experiment II (7.94 and 7.62, respectively) was clearly
" non-significant (correlated 1t(15) = 0.47, p>».60). Half
of the subjects detected more targets in the primary
message and half detected more targets in the secondary
message with the largest obtained difference being 5 (see
the column headed "D" in Table 2.2). This contrasts
sharply with the results of Experiment I in which 4.56

more targets, on the average, were detected in the primary

message.

The results can perhaps be better appreciated by

looking at the detectability of individual target words.u

UPhere was no obvious relationship between the
detectability of individual target words and word onset
asynchrony.
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The data in Table 2.3.indicate the number of subjects who
detected each target word in the two experiments. For
example, 14 subjects detected the primary message target
of List 1 in Experiment I and 15 subjects detected it in
Experiment II; the difference of -1 is indicated under the
heading on the right side of the table. The secondary
message target for List 1 was detected by only 6 subjects
in Experiment I compared to 11 in Experiment II; the same
target word was detecfed by 5 less subjects in Experiment
I. For every list, the secondary message target was
detected by less subjects in Experiment I than in
Experiment II; the mean difference was -6.2. The results
are quite different for the primary message targets. Some
targets were detected by more subjects in Experiment I
while other targets were detected by more subjects in
Experiment II. Overall, an average of 0.6 more subjects
detected a primary message target in Experiment I than in
Experiment II; the maximum was only 4 subjects.

Table 2.3 also shows, for each experiment, the
difference (D) between the number of subjects who detected
the primary message target and the secoﬁdary message
target for each list. With the exception of List 7, all
primary message targets were detected by more subjects in
Experiment I than the corresponding (simultaneous)
secondary message target; the mean difference was 7.30

(correlated £(9) = 6.54, p<.001). In Experiment II, the



Table 2.3
Number of Subjects Who Detected Each Target Word in Experiments I and II

Experiment I Experiment II Exp. I - Exp. IT
List # Primary Secondary _D¥ Primary Secondary _D¥* Primary Secondary
1 14 6 +8 15 11 +i -1 -5
2 16 6 +10 14 11 +3 +2 -5
3 15 7 +8 14 13 +1 +1 -6
L 12 8 +4 8 15 -7 +h -7
5 15 3 +12 15 10 +5 0 -7
6 13 7 +6 15 13 +2 -2 -6
7 7 7 0 10 13 -3 -3 -6
8 13 2 +11 12 10 +2 +1 -8
9 15 7 +8 13 13 0 +2 -6
10 - 13 7 +6 11 13 -2 +2 -6
MEAN +7. 12.2 +0.5 +0.6 -6.2

13.3 6.0 12.7
(83.1%)  (37.5%) (79.4%) (76.2%)

*D represents the difference between the number of subjects who detected the primary
message target and the number of subjects who detected the secondary message target.
"+" indicates that more subjects detected the primary message target; "-" indicates

that more subjects detected the secondary message target.

gt
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mean difference was only 0.50 in favor of the primary
message (correlated t(9) = 0.44, p >.60).

The target detection results of the two experiments are
quite clear. The requirement to respond to color words in
the primary message severely disrupted the detection of
target words in the secondary message while having little
effect, if any, on the detection of target words in the
primary message.5 As discussed previously, this result is
quite important inasmuch as the main task in Experiment I
did not require the subject to distinguish between the two
ears (inputs) in any way. There was, however, a wide range
of performance in the detection of secondary message
targets in Experiment I (from O to 8 targets). This
aspect of the data is discussed next.

Priority of the Main Task in Experiment I

It was carefully explained to each subject that it
was quite important that button-pressing be as accurate
as possible. Inasmuch as performance was fairly good
(mean correct button-presses = 81.6%) for the dichotic
lists, it seems that the subjects followed the instruc-

tions. However, performance ranged from 70.7% to 98.3%

51n Experiment I, considerably more targets were
detected in the primary message regardless of which ear it
was presented on. If one ignores which message each target
occurred in but considers which ear it occurred in, the
mean number of targets detected in Experiment II in the
right and left ears were 8.19 and 7.38, respectively. This
small right ear advantage was not statistically signifi-
cant (correlated £(15) = 1.28, p 7.20).
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correct button-presses. This suggests the possibility
that those subjects who did better in the target detection
task did so at the expense of button-pressing performance;
i.e., a trade-off between the two tasks.

Examination of Table 2.1 reveals the following
information. All subjects who achieved performance above
the mean in thé main task (81.6%) detected fewer than the
mean number of secondary message targets detected (3.75).
All subjects who detected more than the mean number of
secondary message targets detected had button-pressing
scores below the mean. (Subjects 10 and 16 scored below
the mean in both tasks.) The strength of the inverse
relationship between the two performance measures is
quantified by the correlation coefficient (Pearson r)
which was found to be -0.588 (t(14) = 2.72, E<(.Oé). In
contrast, there was no obvious relationship (r = -0.079)
between performance in the main task and the detection
of primary message targets.

The relationship between performance in.the two tasks
of Experiment I is summarized in Table 2.4, Note that
monaural button-pressing was high even for those subjects
whose dichotic button-pressing performance was inferior.
0f most interest is the fact that while the mean number of
secondary message targeté detected for all subjects was
3.75, the mean number of targets detected by those

subjects with superior main task performance was only 1.33.



Table 2.4

Performance Summary for Experiment I

% correct Number of
_button-presses targets detected
Dichotic Monaural Primary Secondary

Mean values for subjects
with superior performance 90.2 90.1 8.50 1.33
in the main task* (n = 6)

~Mean values for subjects
with inferior performance 76.4 90.4 8.20 5.20
in the main task* (n = 10)

*¥For all 16 subjects, the mean value for performance in the dichotic
condition was 81.6% correct button-presses. The performance of
Subjects 2, 4, 5, 6, 12, and 13 (Table 2.1) was at a level above the
mean. The remaining 10 subjects performed at a level below the mean.
The mean value divides "inferior” and "superior" performance.

i
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Discussion
The pattern of results generated by the two

experiments is inconsistent with late-selection or
automatic processing views of perception and attention.
While such models (e.g., Shiffrin, 1976) might be able fo
adequately explain the results of certain shadowing
experiments (e.g., Treisman & Geffen, 1967; Treisman &
Riley, 1969), they cannot deal effectively with the
present results. The results are compatible with capacity
sharing models of attention which do not assume automatic
processing (e.g., Kahneman, 1973; Norman & Bobrow, 1975).
In performing the relatively easy main task of Experiment
II, the subjects were able to divide their attention evenly
between the two ears and detect a large proportion of the
target words (approximately 80%). In Experiment I,
however, the subjects found it necessary to focus their
attention on the primary ear in order to respond to color
words present in that ear. This uneven distribution of
attention lowered considerably the probability 6f
detecting a target in the secondary ear. Some subjects
raised this probability by deploying additional attention
(capacity) to the secondary ear; the cost of this
strategy was a worsening of performance in the main task.
Surprisingly, perhaps, there was no loss in the
detectability of target words in the primary message.

The terminology introduced by Norman and Bobrow (1975)
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is quite useful in describing the picture that emerges
from the present results. Since it appears that main task
performance in Experiment I was dependent on the amount
of processing capacity allocated to the primary ear,
this task is ”resource-limited.” Investment of a
relatively small amount of capacity in the secondary ear
improved target detection in that ear; the task is
"resource-limited.” The corresponding small decrease in
the capacity available to the primary ear did not result in
any noticeable drop in the high detection rate of primary
message targets; the task is "data-limited.”

Implicit in this discussion is the assumption of a
central source of limited capacity which can be freely
allocated to different mental activities (Kahneman, 1973).
The subjects showed flexibility in attentional strategy by °
regulating the disparity between the capacity allotment to
each ear; this is reflected in the negative correlat;on
between main task performance and secondary message target
detection. Note that subjects were able to effect a
relatively large increase in secondary message target
detection at the cost of a relatively small decrease in
main task performance (see Table 2.4). Such a strategy is
appropriate for subjects more concerned with optimal
overall performance (Kahneman, 1970) than with optimal

performance in the main task.
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Chapter III
EXPERIMENT III

A. Introduction

The results of Experiment I suggested that the
subjects had to 'focus' on one ear in order to respond to
color words in that ear. This strategy was adopted at the
expense of missing targets in the other ear. If the
subjects could have attended to both ears equally well
(divided attention), it is hot obvious why a focusing
strategy was adopted. It appears that the requirements of
the twa tasks exceeded the limited capacity supply. The
purpose of Experiment III was to attempt to measure the
processing capacity demands associated with different
target detection conditions but where target detection was
always the main task.

In two of these conditions, the subject listened for
a single target word in a pair of dichotic lists on each
trial. The No-knowledge condition resembled Experiment II
in that the subject did not know which ear the target
would appear in. The subject was informed as to which ear
would be the target ear in advance of each trial in the
Pre-knowledge trials. Results of similar experiments
(Treisman & Davies, 1973; Ninio & Kahneman, 1974) suggest
that target detection performance should be superior in

the Pre-knowledge condition. Such a finding would
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demonstrate the increased effectiveness of a focused
attention strategy. As Kahneman (1973) notes, though, a
given level of effectiveness can be achieved at different
levels of efficiency; efficiency is the relation between
the quality of performance (effectiveness) and the effort
invested in it. Perhaps the success of a particular
attentional strategy might better be evaluated in terms of
its efficiency rather than its effectiveness. Thus,
measures of effectiveness and efficiency were obtained in
the present experiment. |

The finding of equal performance in focused and
divided conditions in dichotic listening (e.g., Shiffrin
et al., 1974) is in accordance with automatic processing
models. However, it is possible that the divided condition
draws more capacity than the focused condition despite
equal performance levels. This would be possible as long
as the capacity requirements in the divided condition did
not exceed the limited supply. If all of the processing
resource allocated to both ears in a divided condition
were allocated to one ear in a focused condition, perfor-
mance in that ear would not improve if performance were
data-limited in the focused condition. In fact, the
efficiency of performance would decrease in the focused
condition with increasing resource allocation and
unchanging performance effectiveness.

Since efficiency is inversely related to resource
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allocation, an automatic process might be defined as one
that is infinitely efficient in that it does not require
any resource (cf. Posner & Warren, 1972). According to
automatic processing models, simple perceptual (systemic)
processing is accomplished with infinite efficiency.
According to the limited capacity models of Kahneman (1973)
and Norman and'Bobrow (1975), equal levels of performance
(effectiveness) can be achieved at different levels of
efficiency. A finding of equal performance in two
experimental conditions (e.g., divided and focused
attention) does not, therefore, qualify as sufficient
evidence for automatic processing (c¢f. Shiffrin et al.,
1974). Proponents of automatic processing should be able
t0o demonstrate, at the very least, that two critical
tasks which are performed with equal effectiveness are
lalso performed with equal efficiency. O0f course, such a
test of automatic processing requires that the tasks
involved are minimally dependent on cognitive processing
(Shiffrin & Grantham, 1974).

The determination of efficiency necessitates
measuring the amount of processing capacity (resource)
cohsumed in the performance of the task. A popular
method for assessing the capacity demands of a task is the
secondary (subsidiary) task technique (Kerr, 1973:
Kahneman, 1973). The subject is instructed to perform the

primary task as well as possible and to devote only the
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remaining or spare capacity to a secondary task; the
capacity allocated to the primary task is referred to as-
expended processing capacity (EPC; Griffith, 1976).
Performance on the secondary task is used as a measure of
EPC of the main task. An improvement in performance in an
unchanging secondary task is assumed to reflect an increase
in spare capacity due to a decrease in EPC of the main
tagk. If performance is equal in two similar primary
tasks, then the difference insecondary task performance is
indicative of a diffefence in efficiency.

While listening for the target word in the main task,
the subjects in Experiment III performed the same
‘arithmetic operation repeatedly on a column of numbers
until the target word was heard. Rate of performance was
used as the dependent variable for the secondary task. A
decrease in rate implies that the EPC of the main task has
increased. As noted by Kantowitz and Knight (1976b,

P. 354), rate "... is a natural and obvious indicant of any
system's ability to process increases in load ..."

While the subject was performing the secondary task,
no overt responses were made to the stimuli of the main
task. The response to the target word defined the end of
the secondary task. There was no response competition
between the two tasks. Any changes in secondary task
rate would be attributable to capacity interference rather

than structural interference (see Kéhneman. 1973; Wickens,
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1976). Kahneman (1973) argues that aside from the capacity
demands of the separate tasks, the requirement to pérform
two tasks simultaneously demands processing capacity in and
of itself. Nevertheless, secondary task scores obtained
in dual-task conditions within a given paradgim do reflect
relative processing demands for varying levels of the
primary task (Kerr, 1973).

While listening for targets in the dichotic lists,

the subject sometimes knew (Pre-knowledge) and sometimes
did not know (No-knowledge) the target ear. In the
Binaural condition, the subject listened for a target in a
single list presented to both ears and heard in the center
of the head. One might reasonably expect performance in
the detection of a single target word in a single list to
be (almost) perfect. Performance might not deteriorate in
a dichotic presentation if the subject knew which ear the
target word would appear in. (Ninio and Kahneman (1974)
reported that only 2.8% of the presented targets were
missed in a focused attention condition.) A difference in
secondary task rates, though, would indicate a difference
’in efficiency. Given the structure of Experiment III, it
is not obvious how such a finding could be accounted for
by an automatic processing model (e.g., Shiffrin, 1976).
On the other hand, detection performance might be equal
in the two dichotic conditions but inferior to that in the

Binaural condition. Secondary task performance can be used
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as an indicator of efficiency differences between the Pre-
knowledge and No-knowledge trials. The models of Kahneman
(1973) and Norman and Bobrow (1975) would be consistent
with the finding of an efficiency difference between the
two conditions. Note that it is also possible for
secondary task rates to be equal even though detection
performance is not equal for the two conditions. 1In that
case, however, superior detection performance would
coincide with improved efficiency. Inferior target
detection performance accompanied by an increase in the
secondary task rate might merely reflect a performance
trade-offA(e.g., Experiment I).

In addition to the three target detection conditions,
there was also a control condition which was included to
obtain a base rate of secondary task performance. As
discussed previously, performance in a single-task
condition would not serve as a proper control (Kantowitz,
1974; Kantowitz and Knight, 1976a). Instead, subjects
performed the secondary task while listening to the word
lists over the headphones as in the other conditions but
did not listen for a target word. The experimenter would
suddenly stop the tape recorder so that the word list
being presented was abruptly halted. The subject was to
immediately stop the number task and press a button upon
detecting the cessation of the auditory stimulus. This

task is quite simple and, intuitively, would seem to
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require a minimum of processing resource. At the same
time, though, it retains the dual-task nature of the
three target detection conditions and is thus an
appropriate control for the purpose of determining a
base rate of secondary task performance.

Each subject was tested under all four conditions.
The conditions ranged from merely detecting the stopping
of the tape recorder to detecting a target word in the
No-knowledge dichotic condition. The range of EPC among
the four conditions should certainly be large enough to
be reflected in differences in obtained secondary task
rates. A finding of no differences between any of the
conditions would strongly suggest that the secondary task
chosen was not sensitive to changes in spare capacity;
the secondary task was data-limited. (The alternative is
that there actually were no differences in EPC.)

The secondary task technique is useful only if it can
be safely assumed that the subjéct invests the EPC
necessary for optimal performance in the main task.
Kahneman (1970) notes that it is often difficult to
evaluate the results of dual-tésk experiments because of
the ambiguity inherent in the instrucfions read to the
subject. In recognition of this problem, the subjects were
monetarily rewarded for doing the secondary task quickly
but the payoff was contingent upon detection of the target

word in the primary task.
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B. Method

Apparatus

Except for the following, the apparatus was identical
to that used in Experiments I and II. The experiment was
conducted in a quiet room with the subject's headphones
encased in Amplivox Audiocups so that any outside noise
was effectively attenuated. No microphone was used as no
verbal responses were required. The second tape recorder
was used as before to re-record the stimulus lists and to
record button-presses. The headphones were reversed for
half of the subjects.
Stimuli

The subjects listened to the same stimulus tapes used
in Experiments I and II. The single lists recorded on the
right channel were presented binaurally instead of
monaurally. The right channel output was sent to both
headphones so that the subject heard the single list in
the center of the head. (Note that the single lists are
referred to as "monaural" in Appendix A.) Each of the 10
_dichotic lists began with the introductory words "One, Two,
Three" presented binaurally so that these words were heard
in the center of the head prior to presentation of the

dichotic lists separately to the two ears.6

6For the presentation of the binaural lists, the mode
selector of the tape recorder was put in position "R”
which fed the right channel output into both headphones.
For the dichotic lists, the experimenter quickly put the
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For the secondary task, the subject was given sheets
of paper (8.5 in X 14.0 in) on which there were typed five
separate columns of two-digit numbers with 40 items in
.each column. Thé digits "0" and "5" did not appear. The
target word for the primary task was printed at the top of
the appropriate column. On a given sheet, each column was
prepared indepéndently of the others. The subject's task
| was to circle the two digits if they were both above "5"
and to put a slash (line) through them if they were not.
The probability that an item would require a circle was
0.5; the_sequences of circles and slashes were randomly
determined with the restriction that there were no more
than five consecutive items of the same classification.
There were no doubles (e.g., "33" or "77"). 4
The target words for the primary target deteétion
task are indicated in Appendix C. They ranged in list
position from 7 to 17. PFor the dichotic lists, only one
member of a given word pair could serve as a target.
Design
There were three target detection conditions:

(1) detection in the single binaural lists, (2) detection

selector in the "STEREO" position as soon as the word
"Three” was heard. The subject heard "One, Two, Three"”
binaurally (mode position "R") and the following paired
lists dichotically (mode position "STEREO"). There was
sufficient time between presentation of the word "Three"
and the first word pair for this to be accomplished
smoothly and efficiently.
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in the dichotic lists when the subject was told in advance
on which ear the target would appear (Pre-knowledge
condition), (3) detection in the dichotic lists when the
subject was not informed in advance of the target ear (No-
knowledge condition). When the subject detected the target
word, he was to immediately stop the number task and press
the button nexf to him on the table. There was also a No-
target (control) condition in which the button was to be
pressed when the tape recorder was suddenly turned off in
the midst of a list.

For any trial in the experiment, the experimenter
knew the position of the critical target item in the word
list and the number of secondary task items successfully
completed. This information could then be converted into
a rate (number of secondary items/word) of second#ry task
performance. For example, the rate would be 1.5 items/word
for a trial in which the subject detected a target word in
list position 10 while completing 15 items in the secondary
task.

Each trial in a given condition was matched with a
trial in each of the other conditions so that propér
comparisons of rate could be made. For.a given trial in a'
given condition, assume that the target word appeared in
position n. There was a.trial in each of the other
conditions in which the target also appeared in position n.

For the No-target condition, the experimenter simply
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stopped the tape recorder immediately after the word in
position n was heard. Furthermore, for each of the matched
trials, the column of numbers presented to the subject was
identical. Thus, the subject worked on the identical
number sequence in the secondary task for those trials in
all conditions where the position of the critical item was
the same. All subjects received the same number sequences.

The auditory stimulus sequence and the order of the
target words were identical for all subjects. Three sets
of target words were prepared (Appendix C). Set P
(Practice) was used on the first run followed by Sets 1
and 2. On each run, the subject heard five binaural and
ten dichotic lists in the same consecutive order. The No-
target condition was run after the three target detection
conditions.
| Each target set consisted of 15 words: 5 Binaural
targets, 5 Pre-knowledge dichotic targets, and 5 No-~
knowledge dichotic targets. During the presentation of
the dichotic lists, the Pre-knowledge and No-knowledge
trials alternated. The target words were matched for
position withih Set 1 and within Set 2. The first five
dichotic lists were paired with the last five dichotic
lists so that the target words for Pre—knéwledge and No-
knowledge trials occurred in the same list position. For
example, the target in Set 1 for the first dichotic list

occurred in position 13 as did the target for List 6, but
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List 1 was a No-knowledge trial and List 6 was a Pre-
knowledge trial. Similarly, the targets in Lists 2
(Pre-knowledge) and 7 (No-knowledge) occurred in the same
position (16). This same pattern was maintained for the
remaining lists. The binaural targets occurred in the
same five positions as the dichotic targets. Target Set 2
had a similar arrangement but the positions of the targets
were different than in Set 1 and the dichotic lists began
with a Pre-knowledge trial. Combining'both target sets,
there were 10 Binaural trials, 10 Pre-knowledge trials (5
Right Channel, 5 Left Channel), and 10 No-knowledge trials
(5 Right Channel, 5 Left Channel) with matching target
positions for each subject (see Appendix C).

Each target word was printed in upper case letters on °
a gseparate card. For Pre-knowledge targets, the words
"right ear" or "left ear" were printed in lower case
letters below the target word and enclosed in parentheses.
Two sets of cards were prepared since half of the subjects
heard a given Pre-knowledge target in the right ear while
the others heard it in the left ear.
Subjects

Sixteen Brooklyn College undergraduates of both sexes
participated in the experiment. All were right-handed and
were paid according to the schedule described below. One
additional subject was disqualified.for not following

instructions.
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Procedure
The secondary task was explained to the subject first.
He was shown a column of two-digit numbers which was
previously completed according to task instructions; if

both digits were above "5,” the pair was circled and, if

~not, a line was drawn through them. It was carefully

explained that the task was to work down a column of
numbers as quickly as possible without making errors. If

a mistake was made, the subject was to continue working
without correcting it. The subject précticed the secondary
task on 10 columns (two sheets) of numbers with the
experimenter allowing 15 sec for each column.

The target detection task was explained next. The
subject's task was to press the button on his right
immediately upon hearing the target word. The card with
the target word from Set P for the first binaural list was
placed in front of the subject and the first list was
played. While listening for the.four remaining Set P
Binaural target words, the subject simultaneously performed
the number task, stopping to press the button upon hearing
the target. The trial was concluded when the subject
pressed the button; he did not resume working on the
number task. It was emphasized that the subject should
not delay in pressing the button when he heard the target.
The subject proceeded from one column to the next. At the

top of each column of numbers, the appropriate target word
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was printed. At the conclusion of each trial, the
experimenter placed the next card (target word) on top of
the next column so that the beginning portion of it could
not be seen. The subject pushed"the card aside and began
the number task when he heard the word "One" (of "One,
Two, Three"). .

The payoff schedule was explained to the subject
‘before'he began performing the two tasks simultaneously.
It was emphasized that target detection was primary and
that the subject would receive 3¢ for each target detected.
The subject received 0.5¢ for each number successfully
completed but lost 0.5¢ for any numbers done incorrectly.
The subject lost 2¢ for any incorrect button-presses. The
payoff for the secondary task was made contingent on a
correct target detection response. If a subject missed a
target, he received nothing for the trial regardless of
the number of secondary task items completed. Each
subject was guaranteed $3.00 regardless of performance.

After the nature of the dichotic lists was explained,
the subject attempted to detect a Pre-knowledge and a No-
knowledge target in the first and sgcond dichotic 1lists,
respectively. The subject then listened for the remaining
8 dichotic targets of Set P while performing the secondary
task. It was carefully explained that the subject should
not try to guess which ear the target would appear in

during a No-knowledge trial. Following a short break, the
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subject attempted to detect the targets of Set 1 while
performing the secondary task. The subject was handed a
new number sheet after the 5 binaural lists and again
after the first 5 dichotic lists. The 15 lists were
presented consecutively with approximately 40 sec of
silence between lists. After another short break, the
procedure was repeated with the Set 2 target words.

The subjects were told that they might notice the
presence of several color words in each list. It was
explained that the same tape was used in a different
experiment which dealt with colors but the color words had
no special significance in the present experiment. None
of the target words was a color word or appeared
simultaneously with a color word in the dichotic lists.
Before listening for the targets in Set 1, the subjects
were told that they might recognize some of the words in
the lists since the same words were used in the previous
lists (i.e., Set P).7

The No-target condition was run last. The subject

performed the secondary task while the 10 dichotic lists

"The subjects’' comments in the first two experlments
suggested that there was very little retention of
individual words as a result of repeated presentations of
the lists. Retention of ear location information for
individual words in the dichotic lists would make No-
knowledge targets functionally equivalent to Pre-knowledge
targets. Recent studies (Mewhort, 1973; Kahneman, 1975;
Massaro, 1976), however, show that retention of spatial
information for dichotic lists is poor; this is even so
when the recognition test is given immediately after a
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were heard. As each list was played, the experimenter
suddenly stopped the tape recorder at the appropriate
position in the list. The subject was to immediately stop
the number task and press the button. At the conclusion
of each trial, a blank card was placed over the beginning
portion of the next column of numbers. As before, the.
subject began when he heard "One.” The entire exper-

imental session was completed in about 90 minutes.

short list is presented. A pilot study conducted prior to
Experiment III verified these findings. The procedure
closely followed that of Experiment III but there was no
secondary task and a surprise recognition test was
administered after the subject listened for the targets of
Set P and Set 1. Statistical analysis of the results of
fhe confidence-rating recognition experiment indicated
little, if any, retention of spatial information. Recog-
nition performance itself (ignoring ear location responses)
gg?fpoor; hit and false alarm rates did not significantly
iffer.
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C. Results and Discussion

The secondary task technique was used to assess the
expended processing capacity (EPC) for different
conditions of the main task. It would have been possible
for a subject to increase his secondary task rate by
delaying his target detection response in order +to
complete a few additional items in the secondary task.

The subjects did not do so however. All of the subjects
stopped working on the number task without unwarranted
delay;

Target Detection Performance

Each subject had the opportunity to detect 10 targets
in each condition. No targets were missed in the Binaural
condition. The number of targets detected by each subject
in the Pre-knowledge and No-knowledge conditions is given
in Table 3.1; X = 9.62 for Pre-knowledge and X = 7.50 for
No-knowledge (correlated t(15) = 5.51, p<.001). Ten of
the 16 subjects did not miss any Pre-knowledge targets
while the others missed only 1 target each. For No-
knowledge targets, 12 subjects missed more than 1 target.

The No-knowledge condition is roughly equivalent to
Experiment II in that the subject's attention was in no
way focused on or directed to one ear. Despite the fact
that target detection was the primary task in Eiperiment

III but not in Experiment II, detection performance was



Table 3.1

Target Detection Data for Experiment III

. _Pre-knowledge No-knowledge
Subject # Right ear Left ear Total Right ear Left ear Total
1 - 5 L 9 L 3 7
2 5 5 10 2 2 L
3 5 5 1C 5 5 10
L 5 5 10 5 5 10
5 5 5 10 2 5 7
6 5 2 10 3 3 6
7 5 9 5 2 7
8 5 L 9 5 2 7
9 L 5 9 3 L 7
10 L 5 9 L 3 7
11 5 5 10 L L 8
12 5 5 10 5 L 9
13 5 5 10 L 3 7
14 5 5 10 5 2 7
15 5 5 10 L L 8
16 5 L 9 5 L 9
MEAN 4.88 L.,75 9.62 4,06 3. 44 7.50

Note. The individual entries represent the number of targets
detected; for each ear in each condition, the maximum possible is 5.
For Subjects 1-8, the right channel of the stimulus tape was presented
to the right ear and the left channel to the left ear. The headphones
were reversed for Subjects 9-16.

19
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not superior in Experiment III; in Experiment II, X = 7.78.
This is notsurprising since the main task in Experiment II
(pressing the button after every third word) was not
especially difficult.d
Secondary Task Rates

Secondary task rates for each subject are given in
Table 3.2. For a given trial, only the number of words
through the target position was included in the rate
computation. A given trial was included in the rate
computation only if the targets in the matched trials of
the other conditions were all detected. For example, if a
No-knowledge target in position 16 was missed, then the
corresponding trials (i.e., those with the target in
position 16) in the Binaural and Pre-knowledge conditions
were discarded in determining the average rates for that
subject. The corresponding trial in the No-target
condition was also discarded.' Thus, the rate for each
condition was based on the same total number of stimulus
words for an individual subject allowing for a fair
comparison of rates.

There were few errors in the secondary task. When an

error was made, it was taken into account in the

8Examination of Table 3.1 indicates that there might
be a right ear advantage in the No-knowledge condition. As
was the case in Experiment II, the difference between the
ears was not significant (correlated t(15) = 1.62, p>.10).
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determination of the secondary task rate. For a given
trial, the number of errors was subtracted from the number
of correctly completed items. For example, if a subject
completed 16 secondary items of which 15 were correct and
1 was incorrect, the (adjusted) number used in the rate
computation would be 14.

Intuitively, the relative difficulty of the primary
task might be expected to decrease in the order No-
knowledge, Pre-knowledge, Binaural, No-target. If
relative difficulty is positively correlated with EPC in
the primary task, the amount of spare capacity available
and consequently the secondary task rates should increase
in the order of conditions given above. Table 3.2 reveals
that the mean rates did indeed increase in the anticipated
order. The results are best appreciated, though, by
examination of the rate changes exhibited by individual
subjects. These changes are expressed in percentage form
in Table 3.3. Each entry repreéents the relative change
in the secondary fésk rate for the indicated conditions.
For example, the rate for Subjgct 1 increased from 1.09 in
the Binaural cbndition to 1.28 in the control (No-target)
condition. The change in rate, +0.19, corresponds to a

9

17.4% increase.

9The empirical meaning of these rate changes should be
kept in mind. A rate of 1.00 means that, on the average,
1 item in the secondary task was completed for each word
(pair) presented. A 10% rate increase means that the



Table 3.2

Secondary Task Rates for Experiment III

Control

Subject # - No-knowledge Pre~knowledge Binaural
1 0.41 0.73 1.09 1.28
2 0.80 1.09 1.25 1.62
3 0.35 0.46 0.62 0.87
4 0.77 0.76 0.90 1.14
5 1.12 1.10 1.26 1.39
6 0.90 0.93 1.24 1.51
7 1.14 1.22 1.24 1.68
8 0.53 0.54 0.65 1.04
9 0.63 0.78 0.87 1.22
10 1.30 1.22 1.42 1.53
11 1.11 1.11 1.20 1.35
12 1.25 1.20 1.40 1.57
13 0.80 0.90 1.19 1.46
14 1.46 1.38 1.51 1.80
15 1.04 1.02 1.14 1.29
16 1.16 1,12 1.27 1.48
MEAN 0.92 0.97 1.14 1.39

%9



Table 3.3

Secondary Task Rate Changes in Experiment III¥

No-knowledge to

Subject # Pre-knowledge
1 +78. 0%
2 +36 .2%
3 +31.4%
l+ - 1-370
5 - 1.8%
6 + 3.3%
7 + 7.0%
8 + 1.9%
9 +23.8%

10 - 6.2%
11 0.0%
12 - 4.,0%
13 +12, 5%
14 - 5.5%
15 - 1.9%
16 - 3.4%

Pre-knowledge to
Binaural

+49.3%
+14.7%
+34.8%
+18.4%
+14,5%
+33.3%
+ 1.

+20.4%
+11.5%
+16.4%
+ 8.1%
+16.7%
+32.2%
+ 9.4%
+11.8%
+13.4%

Binaural to

Control

+17.4%
+29 .6%
+40.3%
+26 .7%
+10.3%
+21.8%
+35.5%
+60,0%
+40,2%
+ 7.7%
+12.5%
+12.1%
+22.7%
+19.2%
+13.2%
+16.5%

Control

Rate

1.28
1.62
0.87
1.14
1.39

*See text for explanation.

$9
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The data in Table 3.3 clearly support the rationale
of using the secondary task technigque in the present
context. All subjects performed the secondary task at a
faster rate in the control condition than in the Binaural
condition. Except for one subject (10), the rate increased
by at least 10% for each subject. The requirement to
listen for a single target word in a single list consumed
enough processing capacity to slow the rate of secondary
task performance relative to the control condition. It is
noteworthy that the difference in EPC between the two
conditions was tapped by the secondary task technique
despite perfect performance in the Binaural condition and
cqmments by subjects as to how easy it was. 10

There was a further increase in EPC when the subjects
listened to the dichotic lists. This was even so Qhen the
target ear was known in advance. The Pre-~knowledge
condition is quite similar to the Binaural condition in
that the subject had to listen for a target embedded in a
20~-word list; the difference is that the list is presented

to one ear while an irrelevant list is simultaneously

subject completed 11 secondary task items during the
presentation of 10 words compared to 10 items in the
previous condition; the differences in rates translates
into 1 item/6 sec.

10A1though the control condition was run last, it is
quite doubtful that the increased rate in that condition
was simply a practice effect. Recall also that the subject
did have to detect the sudden cessation of the taped lists
so that the dual nature of the other conditions was
maintained.
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presented to the other ear in the Pre-knowledge condition.
Recall that no subject missed more than 1 target in .this
condition. Yet, all subjects performed the secondary task
at a faster rate in the Binaural condition than in the Pre-
knowledge condition; the rate exceeded 10% for 13 of the
16 subjects.

For 11 subjects, there were only slight changes in
going from the No-knowledge to the Pre-knowledge condition.
These changes ranged from -6.2% to +7.0%. For these
subjects, the secondary task rate was not appreciably
affected by the factor of whether or not the target ear
was known in advance. This would imply that EPC did not
differ in the two conditions. This means, however, that
the primary task was performed more efficiently in the Pre-
knowledge condition since target detection performance was
superior in that condition. In other words, the improved
performance in the Pre-knowledge condition was not
achieved by means of a trade-off strategy in which
secondary task performance suffered. |

Given the sensitivity of the secondary task rate
demonstrated in the other conditions (Table 3.3), it
might be expected that pre-knowledge of the target ear
would result not only in more efficient detection perfor-
mance but also in a saving of EPC. Five subjects did
prdvide evidence of such a saving. For these subjects,

the secondary task rate increased in the Pre-knowledge
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condition from between'12.5% to a remarkable 78.0%.
Examination of Tables 3.1 and 3.3 reveals no obvious
relationship between rate changes, control rate, and
detection performance.

The possibility remains that EPC differences between
the two dichotic conditions were present for most or all
subjects but went undetected in Experiment III. This
possibility is supported by further inspection of the data.
In addition to the rate changes shown in Table 3.3, gross
rate changes in going from the Pre-knowledge to the No-
target condition were also.determined. For the 5 subjects
(1, 2, 3, 9, 13) who showed appreciable rate changes in
going from the No-knowledge to the Pre-knowledge condition,
the gross rate changes ranged from 48.6% to 89.1%. This
indicates that the secondary task rate was fairly sensitive
to changes in the amount of available spare capacity. Of
the remaining 11 subjects, only 3 subjects (&4, 6, 8)
displayed gross rate changes comparable to those of the
subjects mentioned above. The other subjects showed
relatively small gross rate changes (21.6% to 37.7%)
‘suggesting that the secondary task rate was less sensitive
to changes in spare capacity. The lack of large gross
changes in rate for these subjects allows for the
possibility of undetected increases in EPC for the No-
knowledge condition relative to the Pre-knowledge

condition; the detection of EPC differences for 5 subjects
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lends further support to this possibility.
Discussion
Norman and Bobrow (1975) defined a data-limited
process (or task) as one in which performance does not
improve with an increase in resource (capacity) allocation.

This concept has important implications for the secondary

task technique as applied in the present experiment.

Performance in the secondary task is assumed to reflect
the amount of spare capacity available as the main task is
being performed. However, increases in spare capacity
would not be reflected in increases in secondary task
performance if that performance were data-limited over the
pertinent range of resource allocation. The secondary
task, therefore, must be one which is likely to be
sensitive to changing capacity demands of the main'task;
it should be resource-limited. Still, small changes in
the processing demands of the main task might be difficult
to detect.

The primary tasks in the No-target and Binaural
conditions were quite easy. Yet, the secondary task tech-
nique proved successful in detecting the additional
capacity demands associated with the simple task of
detecting a single word in a single list. A further
increase in EPC was found for the dichotic conditions.

The comparison of secondary task rates in the Pre-knowledge

and No-knowledge conditions, however, was complicated by
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the finding of inconsistent performénce patterns among the
subjects. The lack of a difference in the secondary task
rates for these conditions (for a given subject) could
have resulted from no difference in spare capacity or the
data-limited nature of the secondary task at lower
pefformance levels.

The latter alternative is consistent with the idea
that a subject can focus his attention on a given ear in
order to listen for a target word. Such a strategy should
require less EPC than listening for a target in both ears.
In other words, memory activation is not automatic.

Kahneman (1975) has made an important distinction
between two types of attentional strategies. The strategy
of focusing or directing processing capacity to one ear is
"active.” Kahneman cautions, however, that the difficulty °
of a task may not always correlate with the amount of
effort (capacity) the task elicits. Specifically, he
points out that while the task of listening to two long
dichotic lists is quite difficult, it does not appear to
elicit much effort. Subjects deploy a "passive mode” of
attention when they realize that any attempt to actively
attend to the words coming into both ears results in words
being missed. The comments of several subjects in
Experiment IIT were quite consistent with Kahneman's (1975)
observation; as one subject put it, he just waited for the

target to "pop up” in the No-knowledge condition.
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Although the strategy of focusing may have slowed
down the secondary task somewhat (relative to the Binaural
condition), it was quite successful in terms of the
primary detection task. The EPC investment was surely
worthwhile and was consistent with task instructions.
However, the allotment of still additional capacity in an
active strategy in the No-knowledge condition may not have
been efficient. The results of Experiments I, II, and III
suggest, in fact, that detection performance may be data-
limited when the target word can appear on either ear.
With the exception of the Pre-knowledge condition in
Experiment III and the secondary message (i.e., no color
words) in Experiment I, mean detection performance had a
total range of only 75% to 83%. Investing relatively
large amounts of processing capacity in the detection task
would therefore be inefficient inasmuch as it would not
result in improved performance while it would slow down
the secondary task rate. Any spare capacity might better
be utilized if it were allocated to the secondary task.

The obtained results could therefore be explained
by assuming an active strategy in the Pre-knowledge
condition and a more passive strategy in the No-knowledge
condition. As measured by the secondary task, EPC was the
same for the primary task (for most subjects) in both
conditions. The difference was that the allocated EPC

was concentrated in the appropriate ear in the Pre-
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knowledge condition to ensure maximum detection
performance. Regardless of whether or not EPC was equal
in the two conditions, it is clear that the inferior
detection pefformance in the No-knowledge condition
consumed at least the same amount of processing capacity
as in the Pre-knowledge condition. By definition
(Kahneman, 1973), detection performancetwas achieved with
greater efficiency in the Pre-knowledge condition. This
finding is quite consistent with models of attention which
do not assume automatic processing. Furthermore, the
concept of efficiency of performance is relevant to
certain perceptual studies (e.g., Shiffrin et al., 1974)
which have provided support for automatic processing by
demonstrating no differences in performance between focused
and divided conditions. Proponents of automatic processing-
should not only be concerned with the effectiveness of

attentional strategies but also with their efficiency.
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Chapter IV
GENERAL DISCUSSION

Any comprehensive model of perception, memory, or
general cognitive functioning must deal with the issue of"
attention. In doing so, most contemporary models of
information processing assume the existence of a limited
supply of processing capacity. To say that a task
consumes processing capacity is synonymous with saying
that it requires attention. It is quite safe to assume
that much cognitive activity (i.e., memory, decision,
response processes) is dependent on the availability of
this capacity. Performance suffers when the capacity
demands of a task exceed the available supply.

Considerable controversy surrounds the role that
attentional mechanisms play in non-cognitive perceptual
processes. Indeed, the very distinction between perceptual
and cognitive processes is considered by some (e.g.,
Neisser, 1967; 1976) to be vague or even non-existent. Of
major concern is the degree to which simple perceptual
processes are dependent on the limited supply of processing
capacity. An increasing popular view is that such
processes occur automatically and independently of the
limited capacity supply. ° Attentiénal effects are assumed
to occur during 'cognitive processing' and not during

'systemic (perceptual) processing' (Shiffrin & Grantham,
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1974). Analagous to this distinction is the one between
a 'conscious process' and an 'automatic process' (Posner &
Warren, 1972). The present study was designed to test the
assumption of automatic processing models which states
that individual verbal items, presented auditorily, are
perceived automatically. PFamiliar items are assumed to
contact their memory representations automatically which
allows for a simple semantic analysis without -involvement
of the limited capacity processing system. The major
research paradigm used to test the assumptions of
automatic processing has involved the simultaneous
presentation of different messages. Specific experimental
procedures are geared to determining the ability of
subjects to process such messages or, on the other hand,
the ability of subjects to prevent the analysis of a given -
message. The difficulty in interpreting the relevant
results can be traced to two main factors. First, evidence
for simultaneous processing need not necessarily imply
automatic processing. Limited capacity models which do
not assume automatic processing do allow for simultaneous
processing in situations where the demand for processing
capacity does not exceed the available supply. Second,.
evidence against automatic processing is often judged
invalid because of the cognitive demands of the task.
This leads to a somewhat circular state of affairs.

Automatic processing theories must be tested under
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conditions which minimize.cognitive components of the task.
These conditions, however, are also likely to minimize the
strain on the limited capacity supply so that simultaneous
processing is not inconsistent with models which do not
agsume automatic processing. An attempt was made in the
present series of experiments to obtain attentional
effects that could not be attributed to the cognitive
demands of the task.

A. Shiffrin's Model of Attention

The purpose of the introductory chapter (I) was to
demonstrate the inadequacy of several crucial experiments
which have been cited frequently in the literature as
providing evidence for automatic processing in dichotic
listening. In this section, the results of the present
experiments will be examined in the context of automatic
processing theory. While these results are certainly
consistent with limited capacity models of attention (e.g.,
Kahneman, 1973; Norman & Bobrow, 1975) which allow for
early-selection and do not assume automatic processing, it
‘is important to critically evaluate the degree to which the
present results can be accounted for by automatic
processing.

Of the various proponents of automatic processing,
Shiffrin (1976) has dealt most directly with attentional

igsues in dichotic listening. He restates the view that
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there are automatic stages of sensory processing and that
"there is no gating or filtering or attenuating of sensory
information, either between or within modalities.”

Sensory information is dumped into short-term store (STS)
in parallel from all sources with almost no subject
control. Most of this information will be lost very
quickly so thaf the subject must select certain aspects of
the information for rehearsal, coding, and decision making.
The locus of selective attention is thus seen to reside in
STS. What is especially pertinent is Shiffrin's (1976)
discussion of the experiments of Treisman and Geffen (1967)
and Treisman and Riley (1969). He says (p. 191):

++»» In such cases, T will argue that a target is

missed, not because it is forgotten before a

decision can be made, but because new stimuli are

constantly arriving and demanding processing.. In

order not to fall behind, a subject can allot only

a certain amount of time to make a decision about

the most recently presented information and must

then switch to decision making for newly arriving

information. 1In this way, above-=threshold stimuli

can be missed.
In attempting to detect a target, the search of STS will
be less likely to locate the relevant information (before
new inputs arrive) in divided attention than in focused
attention simply because there are more relevant inputs to
search in the divided condition.

In the Treisman and Riley (1969) study, subjects
shadowed the digits on one ear but stopped shadowing and

tapped when detecting a letter on either ear. When the

target letters and the digits were in the same voice, many



77
targets were missed on the nonshadowed ear. According to
Shiffrin (1976), targets are located by means of a
"controlled search” of STS and shadowing forces the search
to begin with the material being shadowed. By the time
the search switches to the other ear, the target there may
have been already replaced by a new item or new material
on the shadowed ear requires the search to return there.
Thus, many targets will be missed on the nonshadowed ear.

The question at hand is whether Shiffrin's (1976)
approach can adequately handle the results obtained in the
present experiments. In Experiment I, performance in the
detection of a specific target word was poor in the
secondary ear as subjects pressed a button in response to
color words occurring randomly in the primary ear. Follow-
ing Shiffrin's (1976) reasoning, this result could be
explained by assuming that the primary task (pressing to
color words) caused the controlled search for the target
word to begin in the primary ear. Such an explanation is
not very convincing for several reasons. Of particular
importance are the specific differences between the shadow-
ing task and the primary task in Experiment I. Shadowing
is made difficult by several factors: (1) The task
requires the subject to distinguish between the inputs,
thus forcing the subject to attend to one ear, (2) the
subject must give continuous responses to each item

presented, and (3) each response is dependent on the
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specific verbal item presented with the response usually
made after several other items have been presented. The
primary task in Experiment I did not force the subject to
distinguish between the inputs and did not require the
'subject to respond to each item presented. Furthermore,
the simple button-pressing response was identical regard-
less of the specific identities of the color words.
Button-pressing responses were immediate or only slightly
delayed.

Assuming that the information in both messages was
automatically deposited in STS, it is not at all clear why
the color words could not be responded to without a
controlled search beginning with the material in the
primary ear. There were only two inputs, easily separable
by lbcation, clearly perceivable, and presented at a fast
but not excessive rate. The targets themselves were
single-syllable frequent words. Such phonemic targets are
easier to detect than category targets (Treisman & Geffen,
1967; Sullivan,1976). For Shiffrin (1976), it is
convenient to have all of the incoming information present
in STS in explaining why subjects might respond (incorrect-
ly) to material in the unattended ear in a focused
attention task. The assumption of automatic processing,
however, makes the explanations of certain divided
attention effects (e.g., Experiment I) somewhat strained.

It should be noted that theorists who do not assume
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automatic processing attack the problem from the opposite
perspective. Meaning, expectations, and context all play
important roles in the models of Treisman (1960; 1964;
Treisman & Geffen, 1967), Broadbent (1971), and Kahneman
(1973). They are necessary to explain why some items in
the unattended or secondary input are responded to in the
absence of autdmatic processing. The problem for Shiffrin
(1976) is reversed; rather than explaining why some
targets are detected, he is faced with the task of
explaining why most are not.

In Experiment I, target detection performance in the
secondary ear was extremely poor for those subjects with
superior button-pressing performance. Using Shiffrin's
(1976) terminology and assuming automatic processing, good
performance in the primary task required that a contfolled
search for the target word (secondary task) begin in the
primary ear. As a result of the fast presentation rate
and decisions necessary in the primary task, search time for
targets in the secondary ear was limited and insufficient.
When this search time was increased, more secondary targets
were detected as fewer color words in the primary ear were
responded to. If this is indeed the case, it seems that
fewer primary ear targets should have been detected as
search time in the secondéry message increased. However,
detection performance in the primary ear was independent

of detection performance in the secondary ear and button-
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pressing performance.

Ninio and Kahneman (1974) performed an experiment in
which the subjects listened to lists of 10 dichotic pairs
of words and had to press a button upon detecting an
animal name. Detection performance was worse and reaction
time (RT) greater in divided attention compared to focused
attention (i.e., pre-knowledge). The authors suggested
that according to filter theory (Broadbent, 1958), RT in
the divided condition should be more variable than in the
focused condition. On those trials in which the subject
happens to be listening to the target ear at the moment of
target occurrence, RT in the divided condition should be
short and approximately equal to that in the focused
condition. RT should be longer on those trials in which
the subject is listening to the wrong ear at the time of
target occurrence and then must switch attention to the
other ear. The same logic seems to be applicable to a
model which postulates automatic processing followed by a
controlled serial search. Ninio and Kahneman (1974) found,
however, that there was little overlap between the -
distributions for the divided and focused conditions in
the range of fast RTs. Specifically, the difference
between the means of the threevfastest responses for each
subject in the two conditions (121 msec) was almost as

lafge as the difference between the overall means for the
two conditions (136 msec).
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Ninio and Kahneman (1974) interpreted their results
as being inconsistent with the concept of attention
switching between the ears. Instead, the results support
Kahneman's (1973) effort theory of attention. While
parallel processing of simultaneous inputs is possible,
it is achieved with reduced efficiency and at a reduced
speed. These effects are due to a division of processing
capacity between the two inputs and not to any type of
switching mechanism. In the present study, the subjects
divided their attention equally between the two ears when
listening for a target in either ear (Experiment II, No-
knowledge condition in Experiment III). Performance was
good but inferior to that in the focused condition (Pre-
knowledge condition in Experiment III). When the subject
had to make repeated responses to color words (Expériment
I) in the primary ear, the distribution of attention could
not be even, due to the high level of total effort required;
according to Kahneman's (1973) model, attention is evenly
divisible only at low levels of total effort. As a result,
many targets were missed in the secondary ear; the low
detection rate was not due to a lack of time for a
controlled search of STS for automatically processed
secondary message target words.

Shaffer and Hardwick (1969) suggested that the
commitment to translate a signal into a response might

limit or interfere with the recognition of items on the
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other ear. Moray (1975) and Sorkin (Sorkin & Pohlman,
1973; Sorkin, Pohlman, & Woods, 1976; Pohlman & Sorkin,
1976) have incorporated the concept of an "interrupt”
process in their models of attention; the detection of a
target on one channel interrupts processing on another
channel. In terms of Shiffrin's (1976) model, one might
speculate that the detection of a color word interrupts
the controlled search for items on the secondary ear.
Since the subject was making repeated responses at a rapid
rate, the controlled search for the target word would have
little opportunity to switch to the secondary ear.
Shiffrin (1976) notes that negative decisions concerning
the presence of a target may be faster than positive
decisions due to possible rechecking in the case of
positive decisions. In Experiment II, in which no
positive decisions occurred until the target appeared, the
subject might have been able to conduct a controlled, back-
and-forth search in both inputs so that detéction perfor-
mance was good in both ears. An efficient controlled
search would be impeded in Experiment I because of the
repeated, longer positive decisions required in the
primary color word detection task.

Acceptance of an interrupt hypothesis as the
explanation for the results of Experiment I suggests that
the detection of a given secondary ear target should be at

least partly dependent on its proximity to color words on
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the primary ear. Such was not the case however.
Detection performance was uniformly poor for targets in
the secondary message and did not improve for targets that
were relatively distant from color words. Furthermore,
examination of individual subject response patterns did
not reveal any relationship between target detectioh and
misses of adjaéent color words; i.e., there was no
tendency for secondary message targets to be detected when
nearby color words were missed.

The target word in List 9 occurred in position &4
before any color words appeared. Yet, only 7 subjects
detected this secondary message target in Experiment I
compared to 13 in Experiment II (see Table 2.3). This
result is particularly impressive for it demonstrates that
overt responses are not a necessity for attention %o be
'locked’' into a selected message. Thus, strong attentional
effects were obtained despite the fact that the popular
shadowing technique was not used as a method of directing

the subject's attention to a given ear.

B. Attentional Strategies

Moray (1975) has summarized a series of dichotic
listening experiments conducted in his laboratory which
have utilized both non-verbal tonal stimuli (Moray, Fitter,

Ostry, Favreau, &Nagy, 1976) as well as verbal stimuli
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(Ostry, Moray, & Marks, 1976). The design and basic
results of all of the experiments are quite similar. The
task requires the subject to detect targets in long,
continuous messages. In Ostry et al. (1976, Experiment 2),
dichotic word lists were presented at the rate of 2 word

pairs/sec. Onset of the members of each pair was

- approximately simultaneous but computer synchronization

was not used. The list presented to a given ear contained
200 items; 20 animal names and 180 non-animal nouns. If
one member of a pair was an animal name the probability
that the paired item was also an animal name was 0.5. 1In
the divided condition, the subject pressed a button with
his right hand upon detecting a target (animal name) in
his right ear, a button with his left hand upon detecting
a target in his left ear, and both buttons upon detecting
a pair of simultaneous targets. Subjects performed this
task for one hour a day for several days. On the final
day of the experiment, the selective condition was run in
which the subject was to respond to targets in only one of
the ears although targets still appeared in the other ear.
The most important result obtained by Ostry et al.
(1976) was that performance in the divided condition was
not impaired relative to the selective condition when no
target or response was associated with the other channel;
i.e., for those list positions in one ear for which a non-

animal noun was paired on the other ear and a response
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with the other hand was not made. Performance in the
divided condition was severely disrupted when the subject
responded to the other channel. The authors considered
their results to be consistent with the interrupt
hypothesis of Sorkin and Pohlman (1973). A subject can
monitor two input channels for a target but the presence
of a target on one channel 'interrupts' processing of the
other channel until the processing of that target is
completed. Target detection performance on a given channel
in divided attention should be equal to that in selective
attention as long as no event on the other channel causes
an interruption.

In Experiment I of the present study, detection of
the specific target word of the secondary task required
that the subject divide his attention between the two ears.
Recall that such targets never appeared simultaneously
with a color word and so could npt be missed due to the
interruption caused by responding to a color word.
Nonetheless, the results indicated that divided attention
between the two ears was not compatible with good perfor-
mance in responding to color wordsf Not only was
detection performance of secondary ear targets poor, it
was inversely related to performance in the primary task;
the attempt to detect more secondary ear targets by
dividing attention more evenly resulted in more color words

being missed. The results of Experiment I would at first
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glance seem to be inconsistent with those of Ostry et al.
(1976).

In discussing their results, Ostry et al. (1976)
proposed a model which they referred to as "a single
channel processor under time pressure.” It is regarded as
being single channel in the strong sense (p. 334):
"Whatever the information content of the signals, only one
may be processed at a time. It is not, however, restricted
as to the moments at which it can switch to the other
channel ..." The critical feature of Experiment I was
that frequent responses to color words were required
whereas few responses to animal names were required in
Ostry et al. (1976) where only one of every ten words was
an animal name. In this regard, the discussion of channel
switching by Moray and Fitter‘(1973. pp. 7-8) is crucial:

If the observer were to shadow the message
instead of merely monitoring it, his information
load would be considerably greater. ... there will

be almost no time to sample any other sources, and

material in such other sources will be missed.

The relation between monitoring and shadowing

in such amodel will be readily apparent.

Monitoring will occupy the attention just as

effectively as shadowing, provided that the

overall information rate in the incoming message

is high, and, perhaps, more important, the

variance in the intertarget interval is great, and

has a low mean. :
The latter requirements were met in Experiment I. Six

color words appeared randomly between positions 4 and 18

so the mean interval between color words was less than two

words. This interval ranged from as low as zero (consecu-
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tive color words) to as high as five. As the words were
presented at a fast rate, the subject had to continually be
prepared to respond and thus pay close attention to the
primary message. It is thus not surprising that many
secondary message targets were missed and this result is
not inconsistent with the finding of equal detection
performance in the divided and selective conditions of
Ostry et al. (1976).

The reader may have picked up a common thread running
through the models of Moray (Moray & Fitter, 1973; Ostry
et al., 1976) and Shiffrin (1976). The concept of
switching attention is an important aspect of both models.
For Moray, switching means sampling from one input and
then from the other in a manner reminiscent of Broadbent's
(1958) filter theory. The notion of Ostry et al. (1976)
of a single channel processor under time pressure suggests
that the switching might be described as 'early.' For
Shiffrin (1976),.switching is 'late' as it proceeds via a
controlled search of short-term memory following automatic
processing. In both cases, switching is made difficult or
impossible when continuous rapid decisions about items
constantly arriving on one channel are required. When
such is the case, targets on another channel will be
missed as the high information load on the primary channel
prevents switching of attention.

In the discussion of Shiffrin's (1976) model,
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evidence was presented which argued against using
controlled search as an explanation for the attentional
effects observed in the present experiments. That same
evidence is similarly applicable to an early switching
model. It is important to recognize, though, that the
adoption of Kahneman's (1973) effort theory does not make
invalid the point made by Shiffrin (1976) and Moray and
Fitter (1973) that attentional deficits will surface when
frequent quick decisions are required. Both of the latter
approaches stipulate that such decisions interfere with
switching. The problem for an effort theory is to
determine how different task demands affect the division
of total processing capacity. The requirement to press a
button in response to frequently presented color words
required that a relatively large share of the processing
capacity be allocated to the ear containing the color
words. This does not mean that a subject could not divide
his attention evenly between the ears in a target detection
task under less demanding circumstances.

For Kahneman (1973) and Norman and Bobrow (1975),
attentional strétegies are not switching strategies. They
are allocation strategies for the continuous flow of
processing capacity or resource. Still, the processing of
a given input can be interrupted (Sorkin & Pohlﬁan, 1973)
by a stimulus which causes an involuntary switch of

attention to a competing input source. Thus, Kahneman
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(1973) specifically diécusses interference effects caused
by a rapid redirection of attention.

The subjects in Experiment III did not have to
respond to the color words. They just waited for the
appearance of the target word (while performing the
secondary number task). Nonetheless, detection performance
was better in the Pre-knowledge condition (selective
attention) than in the No-knowledge condition (divided
attention). Although consistent with the findings of
Treisman and Davies (1973) and Ninio and Kahneman (1974),
this result does seem inconsistent with the results of
Ostry et al. (1976). Again, a close examination of
specific task requirements is warranted.

In Experiment I, an active focusing strategy was
required in the primary task. A more passive strategy was .
likely used by the subjects of Ostry et al. (1976) in the
divided condition. The subjects listened to very long
lists of items and had to occasionally respond to the
presence of an animal name on either ear. In such a
situation, a relaxed waiting strategy seems more
appropriate than a tense active strategy. However, the
presence of a target on one ear is likely to interfere
with the detecfion of a simultaneous target on the other
ear due to the special significance of a target item and
 the overt response associated with it. In the recognition

studies of Kahneman (1975), such interference was not
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found since all items ﬁere of equal importance and no
overt responses were required.

It is plausible that the attentional strategy used by
subjects in the selective conditions of Experiment IIT,
Ninio and Kahneman (1974), and Treisman and Davies (1973)
was different than that used in the selective condition of
Ostry et al. (1976). For the former experiments, list
length ranged from 10 to 20 pairs of items and lasted from
5 to 12 sec. The subject listened for the target item,
pressed a button, and the trial was over. The active
strategy of focusing on one ear is certainly appropriate.
Doing so resulted in improved performance relative to that
found in the divided conditions. The situation is some-
what different for the subjects of Ostry et al. (1976).
These subjects heard a continuous series of 200 paired
items which lasted almost two minutes (100 sec). The
trials were not discrete as the subjects continued to
listen for more targets after each response. While
maintained selective focusing is possible for relatively
short periods of time (e.g., 20 sec), it may not be for

11

long periods of time. As evidenced by the secondary

11This discussion is relevant for monitoring situa-
tions in which frequent overt responses are not required.
Subjects can focus on one message for the purpose of
shadowing for an extended period of time. Continuous
overt responses are required and this activity demands
considerable processing capacity.
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task rates in Experiment III, the process of focusing on
one of two dichotic messages results in an increase in
expended processing capacity relative to a single message
condition. It may be difficult to concentrate this
additional processing capacity in one ear for an extended
period of time for the purpose of detecting occasional
targets. If so, then the subjects in Ostry et al. (1976)
may have adopted similar passive strategies in the divided
and selective conditions.

Kahneman (1973) discusses the important concepts of
time-pressure and momentary effort. He notes (p. 25) that
"the momentary effort exerted in running the 60-yard dash
is greater than the effort exerted in walking two miles at
a comfortable pace, although the total expenditure of
energy is surely greater in the second task."” This analogy
is relevant to the present situation. When required to
detect targets in rapidly presented stimuli, subjects are
under time-pressure inasmuch as continuous decisions are
required even though continuous responses are not. There
is an additional time-pressure. element in Ninio and
Kahneman (1974), Treisman and Davies (1973), and Experiment
IIT. Success on a given discrete trial was dependent on
the detection of one target which was present in a
relatively short list lasting only 10 or 20 sec; It is
likely that the subject would concentrate considerable

capacity in the selected ear to ensure success on each
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trial; momentary effort is high. This type of time-
pressure was not present in Ostry et al. (1976). Each
subject had repeated opportunities to detect targets during
a 100 sec period. Good performance was not dependent on
the detection of any particular target. Because of the
difficulty in maintaining a high level of concentrated

effort, the subjects may have adopted a more passive

'strategy similar to that used in the divided condition.

Thus, at any given time, the momentary effort invested in
the selected ear would not be as great in Ostry et al.
(1976) as in the discrete trial experiments. Consequently,
detection performance in the selective condition would not
improve relative to the divided condition. Looked at in
the context of the entire experimental situation, a
chusing strategy in the discrete trial situation which
results in perfect detection performance might not be more
efficient (Kahneman, 1973) than a passive strategy used in
the continuous trial design where performance is not as
high.

The preceding analysis suggests that detection
performance in the divided and selective conditions of
Ostry et al. (1976) were equal becaﬁse performance in the
selective condition was not especially high. An
alternative interpretation might be that the highly
practiced subjects were able to raise the level of perfor-

mance in the divided condition to that in the selective
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condition. The data reported by Ostry et al. (1976)
support the former interpretation. For those instances in
which no target appeared on or a response made to the
opposite channel (ear), 4' was found to be 2.09 and 2.01
for the divided and selective conditions, respectively.
In Experiment III of the present study, about 96% of the
Pre-knowledge targets were detected. This 'hit rate'
would have to be accompanied by a false detection rate of
4o% for a d' value of 2.01 to be achieved. In fact, there
were no false detections in the Pre-knowledge condition.
In a focused dichotic condition, Ninio and Kahneman (1974)
reported a hit rate of 97.2% accompanied by a false
detection rate of only 1.4%; this translates into a 4'
value of 4.,11. The performance scores reported by Ostry
et al. (1976) are, by comparison, not at all impressive.
This is especially so since the subjects were practiced.
Equal performance in the two conditions was not due to
high performance levels in the divided condition.

It is clear that explanations of attentional effects
must take into account relevant temporal parameters. Thus
the conclusions of Lewis (1970) concerning automatic
processing were modified by Treisman et al. (1974) who
studied the temporal aspects of the task. It is unlikely
that subjects would employ the same attentional strategy
when lisﬁening to a single pair of words or syllables

(Brown, 1970; Shiffrin et al., 1974), several pairs of
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words presented in 10 to 20 sec (Experiment III, Ninio &
Kahneman, 1974; Treisman & Davies, 1973), and 200 pairs of
words presented in a 100 sec period (Ostry et al., 1976).

The picture is made more complete by recent
experiments which have measured auditory evoked potentials
in selective listening tasks (Hillyard, Hink, Schwent, &
Picton, 1973; Schwent, Snyder, & Hillyard, 1976; Hink &
Hillyard, 1976). Broadbent (1971) places considerable
emphasis on the distinction between selection via
physical characteristics, or stimulus set, and selection
via category (meaning), or response set. Attentional
studies (Hillyard, et al., 1973; Schwent et al. 1976)
using tones have provided strong evidence.for a distinction
between stimulus set and response set based on neuro-
physiological correlates. Selective attention by means of
stimulus set has been associated with increased amplitude
of N1 waves of the evoked potential (EP); the Ni component
is represented by a negative peak occurring at 80-110
msec following stimulus presentation. These experiments
have shown that an enhanced Ny wave is elicited by all
stimuli on an aftended channel (ear). An increase in the
amplitude of P3 waves occurs only following targets in the
attended message and not_following targets in the un-
attended message or nontargets in the attended message.
Thus, the P3 wave, which is represented by a positive

potential elicited at between 250 and 400 msec following
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stimulus presentation, has been associated with response
set.

Hink and Hillyard (1976) extended the EP findings to
dichotic speech messages. The subjects heard prose
messages on both ears, one message spoken in a male voice
and the other in a female voice. The primary task was to
“listen to one message in preparation for a quiz on its
contents. The secondary task was to "pick up" whatever
was possible from the other ear. Embedded in each message
were synthesized phonemes which sounded like the vowel "ah"
and were matched in freqﬁency to the voice speaking the
message. These probe stimuli were not to be responded to
and had no special significance from the subject's view-
point. EP measurements following probe presentatign
showed the N; amplitude to be larger in a given message
when that message was primary than when it was secondary.
Recall of the material in the primary message was superior
to that in the secondary message. In discussing selective
listening to dichotic speech messages and to dichotic tone
burst sequences, Hink and Hillyard (1976, p. 240)
commented: '

It is a reasonable presumption, therefore, that

the selective Ni enhancement common to the two

tasks is a correlate of the common "stimulus set"

or "input selection™ process. It is our

hypothesis, then, that the N1 amplitude is an

index of an initial stage of selective attention

that accords preferential processing to all

stimuli belonging to a relevant channel (i.e.,

having the same pitch/space attributes),
irrespective of the nature, complexity, or
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specific relevance of the material.

As noted by Hink and Hillyard (1976), those
experiments which have not found differences in the
detectability of targets on attended and nonattended
channels (e.g., Lawson, 1966; Zelnicker at al., 1974) used
pure tones as targets which were quite distinct from the
speaker's voice. Similarly, different-voiced verbal
targets are easily detected on an unattended channel (e.g.,
Treisman & Riley, 1969; Underwood & Moray, 1971). The
Hink and Hillyard (1976) experiment is closely related to
Experiment I where the target item was spoken by the same
voice as the other items and target detection was poor in
the secondary message. The results of the present
experiments were interpreted in terms of the allocation of
processing capacity which relied on input distinctions
made via stimulus set (i.e., ear.location) and thus are

quite compatible with the EP studies.
C. Concluding Comments

The pattern of results reported in the present paper
is consistent with a view of attention which assumes the
existence of a limited supply of central processing
capacity which can be divided among concurrent activities
or tasks. Limitations in task performance will appear
when the demands placed on this limited supply exceed the

total amount of capacity available. When such limitations
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do not arise (i.e., simultaneous processing), it does not
necessarily mean that the particular processes under
consideration occur automatically and independently of the
available processing capacity. Rather, it is more likely
that the available processing capacity (or resource) was
sufficient to meet the needs of the tasks involved. A
proper understanding of the performance levels reached in
a dual-task or divided attention experiment is very much
dependent upon a thorough appreciation of the nature of
the individual tasks and the optional strategies
available to the subjects.

Although the present paper has focused on the dichotic
listening paradigm, the limited capacity approach (without
automatic processing) has much broader applicability. One
reason for the popularity of dichotic listening in the
study of attention is that it allows for continuous tasks
as opposed to the typical single exposure tachistoscopic
experiments in vision. Neisser and Becklen (1975) created
a continuous visual task which resembles selective
listening experiments. Subjects watched two different
visual episodes (a hand-slapping game and a ball-throwing
game) that were previously videotaped. When presented
simultaneously either binocularly (overlapping, each
episode presented to each eye) or dichoptically (each
episode to separate eyes), subjects were able to respond

to critical events in one episode and ignore the other.
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They rarely noticed "oéd" events in the unattended episode.
When required to monitor the events in both episodes
performance dropped considerably. These results parallel
those found in dichotic listening.

In summary, it is suggested that the current trend
toward acceptance of the automatic processing view of
perception and attention is unwarranted. The evidence
which favors such a view is not at all conclusive. Furthér-
‘more, the results obtained in the present dichotic
listening experiments argue against automatic processing.
Specifically, the results suggest that verbal items do not
receilve an automatic semantic analysis but rather require
an investment of processing capacity. Attempts should be
made in future research to measure expended processing
capacity in addition to obtaining performance scores.
Although this may often be guite difficult to achieve,
researchers should not be concerned only with the
effectiveness of a particular attentional strategy but also

with the efficiency with which that strategy is executed.
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o~ 0 WP

\O

10.
11.
12.
13.
14.
15.
16.
17.
18.
19.
20.

one
two
three
beam
speed
noon
bag
dome
crack
white
fuel
sweat
pink
bunch
green
stop
switch
brown
gray
gift
red
drunk
cape

MONAURAL LIST 1
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O~ o0 &FWih e

16.

one
two
three
wise
match
yarn
blue
clerk
fate
main
bat
fun
brown
breed
touch
red
green
pen
white

. drug

black
loop
guest

" MONAURAL LIST 2
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12.
13.
14,
15.
16.
17.
18.
19.
20.

one
two
three
roll
hang
trim
straw
blue
aid
pin
pink
white
lend

. brown .

rush
noise
green
dust
trade
gray
knee
fast
trip

" MONAURAL LIST 3
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12.
13.
14,
15.
16.
17.
18.
19.
20.

one
two

three
boost

drink

phrase
self
toast
soft
red
black
list
jeep
gray
pound
brown
pull
gang
pink
heat
white
bad
spread

" MONAURAL LIST %
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11.
12.
13.
14,
15.
16.
17.
18.
19.
20.

one
two
three
brief
glass
thick
rod
black
link
glance

. harm

3,

pink
plus
blue
green
rule
deal
gray
brown
fight
chance
blame
hide

MONAURATL, LIST
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TLeft Channel Right Channel

O~ OWn EFWh e

[y
o O

11,
12.
13,
14,
15.
16.
17.
18.
19,
20.

claim
win
drain

. gas

camp
jazz
foam
sight
join
bid
club
odd
sign

bent
file
cream
draft
wash
hate

O 0 00~ O & Wi e

-

S
N -

13.
14.
15.
16.
17.
18.
19.
20,
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" DICHOTIC LIST 1

one
two
three
chip

. push

bend
green
soap
walk
pink
root
white
deed

. calm

sink
brick
black
kid
red
plant
brown
prince
dirt

Approximate Asynchrony (msec)
("+" = Right leads,
nn = Teft leads)




Left Channel

O O~ O FW e

[EN
o

11.
12.
13.
14,
15.
16.
17.
18.
19.
20.

dean
bath
twist
dry
phone
drill
port
clay
sick
nest
deck
save
square
height
dull
catch
teeth
sSpare
pick
milk

Right Channel

0 ~3 o EW N
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DICHOTIC LIST 2

one
two
three
storm

. curve

sport
friend

. throat

white
press
ship

. blue

jaw
gray

. rich

black
green
chair
stream
red

. bank

hit
track

Approximate Asynchrony (msec)
("+" = Right leads,
”_n I_@:t leég_g)
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" DICHOTIC LIST 3

Approximate Asynchrony (msec)
("+” = Right leads,
Left Channel Right Channel "_" = Teft leads)

one
two
three
1. proof 1., stiff +130
2. cap 2, flame -30
3. sky 3. guilt -180
L, faith L., throw -50
5. burn 5. brown -20
6. net 6. green . -15
7. shame 7. step +15
8. smart 8. pole -70
9. box 9. black -15
10. nose 10. break -60
11. dream 11. red +25
12. tight 12. pure +30
13. feed 13. gun +20
14. pass 1b. kick , ' +05
15, coast 15. blue -35
16. spot 16. store : +20
17. frame 17. white -15
18. print 18. watch -30
19. serve 19. trick -60

.20. steam 20. breeze -110



Left Channel

O~ on FLWDND R

0

10.
11.
12,
13.
14,
15.
16,
17.
18.
19.
20,

grant
film
wait
term
shock
flag
firm
warm

. edge

scheme
grave
test
gain
sweep
wet
soup
skirt
lane
fear
clock

108

DICHOTIC LIST 4

Approximate Asynchrony (msec)
("+" = Right leads,

Right Channel "_" = Teft leads)
one
two
three
1. flat +60
2. joy +75
3. wrong 0
4. swift 130
5. rough -80
6. prime -15
7. brown =30
8. pink -20
9. swim +110
10. drift -110
11. blue -15
12. green -50
13. size +80
14. learn -120
15. white +25
16. cheap -40
17. lake -4
18. gray +05
19. score +125
20. post -10
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DICHOTIC LIST 5

Approximate Asynchrony (msec)
("+" = Right leads,

Left Channel Right Channel - = Left leads)
one
two
three
1. boss 1. slight +175
2. skill 2. foot 0
3. flow 3. squad +20
4. boat 4, green +25
5. arm 5. blast -10
6. treat 6. pink -60
7. horn 7. health +60
8. fame 8. base -60
9. pitch | 9. poor -10
10. soul 10. black -85
11. charm 11. brown -30
12. snow 12, fly -130
13. tray 13. white -05
14. 1lip 14. code +60
15. spell 15. luck =80
16. tape 16. red -05
17. farm 17. coal 0
18. theme 18. ring +30
19. guide 19. lamp ' -10

20. reach 20. path 0



Left Channel

20.

swing
joke
round
truck
mist
cow
prize
tool
ace
chain
pile
coach
speak
ranch
hot
troop
shirt
fist
fleet
bench

Right Channel
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DICHOTIC LIST 6

Approximate Asynchrony (msec)
("+” = Right leads,
"." = Teft leads)

3 OV W DN

one
two
three

. cop

rise

chest
sleep
black
green
cloth
fill

. bread

glad
tough
pink
tap
white
red
tile
date
gray
rock
paint

+30



Left Channel

O~ o0oun &FWhPe-

grip
brush
mold

. brave

dance
stove

grow

. stress

bus

. hat

shake
youth
blood
coat
gloom
chart
screen
guard
graph
fork
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DICHOTIC LIST 7

Approximate Asynchrony (msec)
("+" = Right leads,

Right Channel "_v = Left leads)
one
two
three
1. chill -10
2. prove -15
3. stay +15
L4, Dblue +10
5. dress +35
6. brown -35
7. bark +10
8. nurse -100
9. green +4t5
10. plate -90
11. white -80
12. vote +45
13. gray +60
14, wax +15
15. bed +10
16. smell +80
17. red -40
18. sweet +150
19. chase +85
20. stand +155
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DICHOTIC LIST 8

Approximate Asynchrony (msec)

("+" = Right leads,
Left Channel Right Channel "-" = Teft leads)
one
two
three
1. thin 1. drag +95
2. moon 2. build =25
3. cry 3. pipe -05
4. tent 4, earth -50
5. beach 5. brown -15
6. glow 6. green +05
7. blank 7. wheel : +25
8. queen 8. folk 0
9. band 9. shoe +85
10. inch 10. race - i35
11. game 11. knife +50
12. tail 12, red -05
13. neat 13. white +70
14. fresh 14. sun . +110
15. stone 15. black -70
16. fence 16. page : +50
17. wish - 17. gray +30
18. belt 18. fool +70
19. gate 19. mud +20

20, clean 20. bulk -25
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DICHOTIC LIST 9 '

Approximate Asynchrony (msec)
("+” = Right leads,

Left Channel Right Channel "t = Teft leads)
one
two
three
1. rent 1. myth +10
2. pond 2. crowd +45
3. cheek 3. gap -05
4, card L, laugh -05
5. pan 5. white =45
6. drive 6. cash -35
7. chin 7. proud -65
8. slave 8. red -135
9. twice 9. blue . -60
10. crime 10. chief -20
11. stock 11, sit 0
12. teach 12. green +15
13. smooth 13. pale ' =70
14. key 14, truth +30
15. price 15. pink -35
16. shop 16. loud =90
17. corn 17. gray +05
18. taste 18. term +25
19. fort 19, crop +25

20. neck - 20. wine , +30



H

13.
14,
15.
16.
17.
18.
19.
20,

Right Channel
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" DICHOTIC LIST 10

Approximate Asynchrony (msec)
(4" = Right leads,
".» = Left leads)

eft Channel

smoke
pride
search
tie
crash
shut
mad
king
ripe
park
porch

. ask

trace-
bone
flash
pool
tree
blind
threat
false

O N0 O~ O FW P

[EN

o
IS

13.
14,
15,
16.
17.
18.
19.
20.

one
two
three
bold

. yard

quote
mouth
rain
fruit
cloud
blue
tube
red

. black

quick
pen
gray
sauce
white
cook
brown
damp
Jjump

+20
-110
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APPENDIX B
TARGET WORDS FOR EXPERIMENTS I AND II
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SET P

"R indicates Right Channel, ”1L” indicates Left Channel.
For Asynchrony, "”+" indicates Right Channel leads and "-"
indicates Left Channel leads.

Position Approximate

List # in List Word Asynchrony (msec)
Monaural
1 9 sweat
2 12 . touch
3 13 noise
L 5 toast
5 7 glance
Dichotic
1 12 sink (R) +80
2 L friend (R) +35
3 14 pass (L) +05
L 5 shock (L) ~ -80
5 8 fame (L) -60
6 13 tap (R) -30
7 12 youth (L) +5
8 16 page (R) +50
9 14 - truth (R) +30
10 13 trace (L) +05



"R” indicates Right Channel, "L" indicates Left Channel.

SETS 1 AND 2
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For Asynchrony, "+” indicates Right Channel leads-and "-"
indicates Left Channel leads.

List #

Monaural

Monaural

n
5

Dichotic

1

O N0 O~ O W

b

Position

in List

13
10
13
17

10
15
10

17

Word
Set 1 Set 2
dome
drug
pin
gang
plus
bunch
bat
trade
pound
deal
brick (R) sign (L)
nest (L) jaw (R)
feed (L) gun (R)
gkirt (L) 1lake (R)
blast (R) arm (L)
chain (L) glad (R)
bed (R) gloom (L)
race (R) inch (L)
card (L) 1laugh (R)
cook (R) tree (L)

Approximate
Asynchrony (msec)

-50.

-40
+20
-L4o
-10
+10
+10
+5

+55
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APPENDIX C
TARGET WORDS FOR EXPERIMENT III
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"R" indicates Right Channel, "L” indicates Left Channel.

SET P
Ligt # Pogition in List
Binaural
1 11
2 15
3 6
L 12
5 : 17
Dichotic
1 11
2 15
3 13
L 16
5 5
6 10
7 15
8 11
9 14
10 17

_Word

bunch
pen
aid
pound
fight

Pre-knowledge No-knowledge

club (L)

gun (R)

blast (R)

gloom (L)

truth (R)

phone (L)
cheap (R)
chain (L)
knife (R)

tree (L)
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. SET 1
"R” indicates Right Channel, "L” indicates Left Channel.
List # Pogition in List Word
Binaural
1 13 stop
2 7 main
3 16 trade
4 15 gang
5 10 plus
Dichotic Pre-knowledge No-knowledge
1 13 brick (R)
2 16 catch (L)
3 7 step (R)
4 10 scheme (L)
5 15 : gpell (L)
6 13 tap (R)
7 16 smell (R)
8 7 blank (L)
9 10 crime (L)
10

15 sauce (R)
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SET 2

"R" indicates Right Channel, "L” indicates Left Channel.
List # Position in List Word
Binaural

1 17 gift

2 9 fun

3 10 lend

L 14 pull

5 13 rule
Dichotic - Pre-knowledge No-knowledge

1 17 plant (R)

2 10 jaw (R)

3 14 pass (L)

4 13 gain (L) -

5 9 piteh (L)

6 17 ' date (R)

7 10 plate (R)

8 14 fresh (L)

9 13 pale (R) :

10 9 ripe (L)
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