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1968). She was looking for possible refractoriness effects following a re-
sponse (Davis, 1957; Welford, 1959).

In all the experiments in her study, R, was a compatible three-
choice response to one of three lights, executed with the right hand. In
the two conditions shown in Figure 9-8, the subject’s first task (R;) was
to stop a digital millisecond counter as close as possible to a specified
value (600 or 1200 msec in these data). The counter started at zero on
each trial, and the subject stopped it by depressing a key with his
left hand. The key-press caused S, to appear, either immediately
(RSI = 0) or after a variable delay. Figure 9-8 includes data for two
groups of subjects who differ markedly, on the average, in psychomotor
skills: 20 undergraduates and 20 flight cadets.

The results for both groups were very similar: the “600” condition
caused total refractoriness for about 200 milliseconds following the
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response, as if a stimulus that was shown at RSI =0 did not become
effective until 200 milliseconds later. In contrast, there was no indication
of absolute refractoriness in the “1200” condition, where the effectiveness
of processing, measured by the slope of the line, was about 75 percent
of normal for several hundred milliseconds after the occurrence of R;.
The subjects’ reports give a clue to the nature of the qualitative differ-
ence between the two conditions. In the “1200” condition, the subject
has time enough to prepare for both tasks. Indeed, he may throw antici-
patory glances. at the light display while the counter runs. In the “600”
condition, on the other hand, attention is riveted continuously on the
counter, since the subject must “decide” to press the key when he sees
the counter reach about 400, in order to execute the movement at the ap-
propriate time. The inability to prepare for the next task is reflected in
the prolonged refractoriness of this condition.

The two experiments that have been discussed in this section sug-
gest that attention is focused exclusively on the first stimulus-response
task only when that task is exceptionally difficult. When the first task is
easier, some attention is diverted to the execution of the second task or
to preparations for it, and the typical rising IRI function is observed.

OTHER FINDINGS AND THEORIES

The interpretation of the refractoriness paradigm as a special case
of divided attention is similar in some respects to the response-conflict
theory of the psychological refractory period which was originally pre-
sented by Reynolds (1964, 1966) and vigorously supported by Herman
and Kantowitz (1970). This theory proposes that S; and S, elicit re-
sponse tendencies that are likely to conflict. The responses to both stimuli
will be retarded when such a conflict occurs, but it is assumed that the
prepotent response suffers the smaller delay. A response is prepotent
either by instruction or because it was already in preparation when con-
flicting tendencies were aroused. The latter factor, of course, always
favors R; over R,, and it explains why RT, is relatively slower than
RT; in the double-stimulation paradigm. Response-conflict theory leads
to the prediction that the interaction will be most detrimental if S; and
S, are associated with incompatible or antagonistic responses. This pre-
diction has been confirmed (Herman & Kantowitz, 1970).

The present interpretation of refractoriness and response-conflict
theory shares the assumption that S; and S, can be processed in parallel.
It is not obvious, however, how a response-conflict theory could account
for the effects of task demands that were illustrated in the preceding
section. In addition, response-conflict theory cannot readily explain the
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finding of major delays of R, in the RSI design (Kafry, 1971; Rabbitt,
1969), since there are no conflicting tendencies when S, is presented
after the completion of R;. The simplest explanation of these delays is
that the preparation for a subsequent stimulus and a subsequent re-
sponse demands effort. Under some conditions (see, e.g., Fig. 9-8), this
preparation is precluded during the processing of another response.

Response-conflict theory and the limited capacity hypothesis both
suggest that R; should be somewhat slower in the double-task situa-
tion than when it performed alone. Results confirm this expectation.
Many studies have reported the consistent finding that the reaction to
the first stimulus is slower in the double-task paradigm than when a
single stimulus is presented (Bertelson, 1967; Broadbent & Gregory, 1967;
Gottsdanker, 1969; Gottsdanker, Broadbent & Van Sant, 1963; Herman &
Kantowitz, 1970; Nickerson, 1967; Smith, 1967c; Triggs, 1968). The delay
is usually quite small (around 30 msec). The delay of R; has been found
to vary inversely with ISI in some experiments: when S, followed S, in
quick succession, RT; was slow (Herman & McCauley, 1969). The delay
of R, also increases with the complexity of the processing that S, and R,
require (Karlin & Kestenbaum, 1968). The competition between the
processes leading to the two responses is further confirmed by the ob-
servation that the speed of R; and R, can be manipulated by instruc-
tions: as one of these responses is made faster, the other correspondingly
slows (Triggs, 1968). Herman and Kantowitz (1970) have reviewed these
effects in detail. B

An important observation that must be considered in explaining re-
fractoriness is that a stimulus which does not require a response can
nevertheless delay the response to another stimulus. Thus, a large num-
ber of studies have shown that the interpolation of an irrelevant stimulus
S, after S; causes R; to be delayed (Davis, 1959, 1962; Elithorn, 1961;
Fraisse, 1957; Kay & Weiss, 1961; Nickerson, 1967; Rubinstein & Rutsch-
man, 1967; Smith, 1967a). The delay is small (usually 40-60 msec), and
its interpretation is controversial (Bertelson & Tisseyre, 1969; Davis, 1959;
Herman, 1969). A larger delay has been observed where a stimulus S,
inhibited a response. When S, was presented shortly after such an inhibi-
tory stimulus, RT, was longer than normal (Sanders & Keuss, 1969). These
results are consistent with a theory of limited and shared capacity, but
they are also easy to explain within a response-conflict theory.

Bernstein (1970; Bernstein, Clark & Edelstein, 1969a, b) has re-
ported the interesting finding that visual RT can be facilitated by
presenting a loud auditory stimulus some time after the relevant vistal
stimulus. A plausible explanation of this effect is that the tone increases -
arousal and therefore facilitates ongoing processes. When the- second
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stimulus is associated with competing response tendencies, RT is delayed
(Herman, 1969).

A complete account of the interactions between stlmuh and re-
sponse in the double-stimulation paradigm must also include the effects
of expectancy and preparation. In general, a subject’s RT is shorter if
the signal to respond arrives precisely at the instant it is expected. This
is the expectancy effect. In addition, there is an effect of the foreperiod
that is available for preparation: following a warning signal, it takes
about half a second for a subject to be at his best. In the double-stimula-
tion paradigm, the occurrence of S; provides a warning that S, will soon
occur. The readiness to respond to S, will therefore increase gradually,
reaching a maximum no sooner than 500 milliseconds after S,. Further-
more, if the average value of ISI is longer, the gradient of maximal

“readiness for S, will shift toward the value of ISI at which S, is most
likely to occur.

There has been a major attempt to describe the so-called refrac-
toriness effect in terms of expectancy and preparation (Adams, 1962;
Elithorn & Lawrence, 1955), but comprehensive reviews of the evidence
have concluded that this attempt was unsuccessful (Bertelson, 1966;
Nickerson, 1967; Smith, 1967b). In accordance with the predictions of
expectancy theory, the average ISI affects RT, in the double-stimulation
paradigm (Adams, 1962), suggesting that S; functions as a warning signal
which causes the readiness for S, to increase, as in the foreperiod effect.
However, the foreperiod effect in the single-stimulus case is smaller
than the refractoriness effect, and therefore insufficient to account for it
(Shaffer, 1968). Furthermore, refractoriness occurs in the absence of
temporal expectancy effects, e.g., when the interval between the two sig-
nals is constant (Borger, 1963; Creamer, 1963). Thus, expectancy can be
ruled out as a general explanation of refractoriness effects. Nevertheless,
the idea that preparedness for a stimulus and for a response vary in
time cannot be neglected, particularly in the explanation of refractoriness
in the RSI paradigm, i.e., where the occurrence of S, follows the éxecu-
tion of R, (Kafry, 1971).

REviEW

This chapter was concerned with the organization of performance
in tasks that require two speeded responses. The suggestion was ad-
vanced that an analysis of the interval between the two responses (IRI)
is often more illuminating than separate analyses of their latencies. The
occurrence of response-grouping is indicated by an approximate con-
stancy of IRI over conditions, and by a relatively low value of IRI. Evi-
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dence for response-grouping was found in a reanalysis of a study by
Schvaneveldt (1969). More generally, it was proposed that the sepa-
rability of the processes that lead to physically distinct responses must be
demonstrated empirically, not assumed.

The application of an IRI-analysis to data in the refractoriness
paradigm suggested that some results which have been interpreted as
supporting single-channel theory actually provide conclusive evidence
against that theory. Typical results in the double-reaction paradigm in-
dicate that processing of S,-R; typically begins as soon as S is presented,
and continues at an accelerated rate throughout the latency of R;.
An unexpected result observed in two studies (Karlin & Kestenbaum,
1968; Smith, 1969) is that the minimal IRI between ungrouped responses
does not seem to depend on the complexity of the interacting responses,
at least within the range of complexity included in these studies. The
minimal IRI may correspond to a state of motor refractoriness.

Keele (1973) has argued from these observations that mental op-
erations of perception, memory retrieval, and response selection require
no attention and can be performed in parallel. His theory cannot account
for the isolated conditions in which the predictions of single-channel
theory are quite strictly upheld (Broadbent & Gregory, 1967, exp. 2;
Kafry, 1971). A strategy of strictly serial processing was adopted in these
experiments when the first response task was exceptionally difficult. No
structural theory which assumes that processing is always serial, or
always parallel, can account for these results, which tend to support the
concept of a flexible policy of attention allocation.

Additional complexities of the refractoriness paradigm were briefly
discussed in the last section. The concepts of preparation, expectancy,
and response-conflict must be included in a comprehensive account of
results in this paradigm. The refractoriness paradigm appears to be too
complex to provide definite tests of theoretical posmons concerning the
division and the focusing of attention.
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tionale for the use of visually masked stimuli as probes in the measure-
ment of spare capacity. Studies of the duration and locus of fixations
indicate that attention can be quickly directed to a potentially signifi-
cant stimulus that is not immediately identified. The fixation on a
significant stimulus can also be extended—a decision that is certainly
made within 150-200 milliseconds of the initial fixation. If the potential
target was first viewed in the visual periphery, a tentative detection can
control the choice of the next fixation (Gould & Schaffer, 1965). In these
examples, an activity of perceptual analysis demands, attention. How-
ever, a delayed allocation of attention cannot affect perception if the
stimulus is immediately removed and its trace destroyed by a subse-
quent mask. In this manner, the use of masked stimuli provides a pure
measure of the attention that was allocated to visual perceptlon at the
instant of presentation.

SET AND OTHER DETERMINANTS OF EFrorT DEMANDS

While the preceding section concluded that perceptual activity
demands effort, it also implied that these demands are slight, when com-
pared to those of other activities. Choices, decisions, rehearsal, and the
mental manipulation of stored symbols, all appear more demanding than
routine perceptual analysis. These activities are particularly demanding
when executed under pressure of time. Thus, the rate at which mental
activity is performed is a primary determinant of effort. In many activ-
ities, “taking it easy” simply means to slow down. There are activities,
however, which impose their own rate. This is especially true of any
mental act that depends heavily on short-term memory, since the rate of
rehearsal must compensate for the rate of decay of stored information.
In such tasks, one simply cannot “take it easy.”

A concept of rate becomes meaningful only when the units of ac-
tivity are specified. However, the unit of activity is an elusive concept,
because of the hierarchical character of action. What is the unit, for
example, when one recites the alphabet? Is it the individual phoneme,
the individual letter, or perhaps such familiar groups as ABCD . . EFG

. HIJK . . LMNOP? If the analogy of perceptual grouping is ac-
cepted, the answer to such a question is not arbitrary. A certain level of
organization may be dominant. Intuitively, it seems that performance is
monitored at the completion of units at that level, and that decisions
and- choices are formulated in terms of these units.

In his classic paper on the serial organization of behavior, Lashley
(1951) introduced a vivid example. Imagine a piano with a defective key
that cannot be depressed. Any piano player will stop playing when he
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unexpectedly encounters such a key. However, the expert player will
normally play several additional notes before he stops. Evidently, the
checkpoints at which behavior is monitored and controlled do not occur
after each note. Miller, Galanter, and Pribram (1960) expressed the same
idea in their notion of the TOTE. They analyzed behavior as a se-
quence of operations, with an objective defined for each such operation.
When the operation is completed, a test is carried out to confirm the
attainment of the objective. Only then is the control of action passed
on to the next objective. Thus, a continuous activity can be analyzed in
terms of units of Test-Operate-Test-Exit. The rate of activity is best
viewed as the number of TOTE’s required per unit time. This may be
the reason why Peterson (1969) found that such activities as rapid count-
ing or speeded recitation of the alphabet did not cause a total disruption
of concurrent mental activities. With such highly overlearned sequences,
a large number of distinct muscular activities are packed into each
TOTE.

The achievement of the most effective and economical organization
of action depends in large measure on the degree to which the task
allows anticipation of future stimuli and responses (Adams, 1966; Poul-
ton, 1952; Shaffer & Hardwick, 1969a, 1970; Shaffer, 1971). Activities such
as driving an automobile, reading, or shadowing an auditory message
usually permit the performer to anticipate each response before he
actually executes it. In reading aloud, for example, the anticipation is
provided by the eye-voice span: the subject’s eye is usually several words
“ahead of the word that he utters at any one time. The eye-voice span
is easily measured by turning off the light by which the subject reads;
he will almost invariably continue to “read” a few words after the light
is off. In shadowing an auditory message, subjects typically adopt an
average lag of 1-1.5 seconds, which allows them continuous advance in-
formation about the phrase that they will utter in the immediate future.
The possibility of anticipation is essential to adequate performance. In
typing, for example, “response may lag the fixated letter by six or seven
letters, on the average, and . . . if lag is prevented by eliminating pre-
view of text, then typing is about five times slower [Shaffer & Hardwick,
1970, p. 425].” Anticipation facilitates performance in several ways: it
permits response integration, and thereby effectively reduces the num-
ber of discrete choices and decisions that must be made. It also permits
a smooth adjustment of effort to the difficulty of each choice and each
response. |
Anticipation is but one of the adjustments of Wthh man is capable,
which reduce the effort required for adequate performance, or ensure
that the supply of effort will meet the demands. These adjustments are
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often grouped under the collective label of set. The present treatment
has distinguished several classes of preparatory adjustments.

A state of perceptual readiness for a particular perceptual inter-
pretation increases the likelihood that this interpretation will be adopted,
both when sensory information is appropriate to it, and when the match
between the features of this information and the critical features of the
relevant recognition unit is less than perfect. Perceptual readiness is
mediated by a criterion bias favoring some interpretations over others.
A state of readiness for a particular interpretation implies that the
achievement of this interpretation demands; less information input, and
less attention, than does the achievement of other interpretations. Thus,
a stimulus for which one is ready is likely to be identified even when it is
presented on an unattended channel, or at a low level of intensity or
clarity. :

A state of response readiness similarly lowers the criterion for the
elicitation of a particular response, or class of responses. It is reasonable
to assume that a response for which one is ready demands; less effort
than does a response for which one is not prepared.

Perceptual and response readiness may be viewed as altered states
of the specific units which are activated in the processes of perceptual
interpretation and response selection. In contrast, selective set is a char-
acteristic of the allocation policy that controls figural emphasis and other
manifestations of selective attention. Here, a selected stimulus demands,
attention: more attention or effort is allocated to it than to the processing
of other stimuli. Two variants of selective set have been distinguished,
of which one is mediated by the immediate allocation of attention to
stimuli isolated at an early stage of analysis, while the other involves
recognition units and a recursive path of attention control.

The primary mechanism of selective attention may be identified
with Broadbent’s filter. Perceptual emphasis is allocated to stimuli that
possess a particular attribute, e.g., sounds that originate in a particular
place or words printed in a particular color. A search set could affect
processing by the same mechanism, and it is conceivable that a target
for which one is set can attract attention prior to the activation of the
recognition system, if the target is identified by obvious physical char-
acteristics. A selected stimulus attracts more attention than do other
stimuli. Thus, a stimulus for which one is prepared will “jump” from
the background (e.g., Eriksen & Collins, 1969a; Neisser, 1967). An at-
tended stimulus will also have prior entry, ie., it will appear to have
occurred sooner than a physically simultaneous unattended stimulus
(Sternberg, Knoll & Gates, 1971). The reaction to a stimulus that matches
expectation is speeded (Egeth & Blecker, 1971). Indeed, some compo-
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nents of the evoked cortical response occur sooner when the stimulus
matches expectations than when it does not (Posner, Klein, Summers &
Buggie, 1973). The effects of selective attention on the sensitivity param-
eter of signal detection can be mediated by this type of selective set.

Secondary selective attention is controlled either by a tentative
recognition of a significant stimulus, or by a failure to obtain an adequate
perceptual interpretation for an event which violates the neuronal model
of expectations. Such stimuli demand, attention, which is allocated to
them via the recursive path of attention control. This mechanism is in-
volved in some search tasks (e.g., monitoring a list for names of animals).
The tentative detection of the selected stimulus probably causes a surge
of effort, as well as a redirection of attention to the detected target.

The various mechanisms of set are not mutually exclusive, and
more than one mechanism may be engaged in any task. Thus, a set to
search for animal names may increase the perceptual readiness for these
names; it may also sensitize the process of secondary selective attention,
so that a tentative recognition of a target item will cause especially de-
tailed analysis of that item. Preparatory adjustments appear to be
highly flexible.

- Other aspects of preparatory set are the elicitation of anticipatory
arousal, and of a specific posture of orientation. The warning signals
commonly used in studies of reaction time and of the perception of brief
stimuli serve both these functions .of orientation and arousal. To be fully
effective, such a warning signal must be delivered about 500 milli-
seconds before the relevant stimulus. Achieving a state of optimal readi-
ness takes time. Studies of the foreperiod effect also indicate that optimal
readiness cannot be maintained very long. Responses to stimuli that fol-
low the warning signal by a second or more tend to be slower than when
the foreperiod is half a second. This failure to maintain readiness is con-
sistent with the hypothesis that arousal is largely controlled by the feed-
back of ongoing activity. In the absence of such feedback, arousal di-
minishes. _

The alerting function of warning signals has been studied in detail
by Posner (Posner & Boies, 1971; Posner, Klein, Summers & Buggie,
1973). He concluded that the presentation of the initial letter in the
letter-matching task can facilitate performance both by increasing alert-
ness and by increasing the specific readiness for the repetition of that
letter. The two facilitative effects summate without interacting. This
finding suggested the hypothesis that the encoding process which medi-
ates the specific readiness for a letter is equally effective at various levels
of arousal. An additional discovery concerned the nature of the fore-
period effect: Posner was able to show that the U-shaped function which
relates RT to the duration of the foreperiod is associated with a
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M-shaped function for errors in a spatial choice-reaction. The high level
of alertness at the “optimal” foreperiod is accompanied by a relatively
high rate of errors.

There is other evidence which confirms the conclusion that high
arousal tends to be associated with a lowered response criterion, and
consequently with faster and less accurate responses (Broadbent, 1971).
Posner’s interpretation of these results is novel: he argues that alertness
does not affect the quality of the information which is available to the
decision mechanism, but merely the speed at which the decision is
reached. Because the decision is reached faster when alertness is high,
it is based on a reduced sample of evidence, and is consequently more
subject to error than when alertness is low.

It is very unlikely that the adequacy of perceptual analysis was the
limiting factor in these experiments. Indeed, different results are ob-
tained when the stimuli for a task of simultaneous discrimination are
brief and faint: with such stimuli, an anticipatory warning signal re-
duces both the latency of responses and the probability of errors (Posner,
Klein, Summers & Buggie, 1973). Posner’s interpretation is that a slow
response (associated with low alertness) does not yield the advantage of
a more protracted analysis when the stimuli are brief. An alternative
interpretation is that anticipatory alertness facilitates the immediate
perceptual analysis of stimuli, and also tends to alter the response cri-
terion. When the stimuli are prolonged and easily perceptible, the only
measurable effect of the warning signal will be an altered value on the
speed-accuracy function: These are conditions where erroneous responses
do not reflect perceptual errors. The advantage of anticipatory alloca-
tion of attention only becomes evident when errors of perception begin
to limit performance. In this view, anticipatory arousal improves percep-
tual analysis, but does not facilitate the operation of the other mecha-
nisms that determine the choice of a response in a discrimination task.

The preceding discussion of anticipatory adjustments indicates that
these adjustments affect both the amount of attention required for the
execution of an activity and the likelihood that attention will be effec-
tively allocated to that activity in preference to others. These considera-
tions introduce severe complexities in any analysis of performance in
dual tasks, since the tasks interact at the level of preparatory set as well
as during the performance of demanding activities. This interaction is
sometimes favorable: the anticipatory mobilization of effort for a primary
task occasionally facilitates the response to a probe signal (Posner &
Boies, 1971). More often, the interaction is detrimental. There is much
evidence that a “divided set” hampers performance. In the refractori-
ness paradigm, for example, the reaction to the first stimulus is generally
slowed by the anticipation of another response (Smith, 1967c; Triggs,
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1968). Similarly, Broadbent (1956) found that subjects often fail in a
coding task when merely waiting for a buzzer to sound, and Malmo
(1966) reported that subjects who expect to shift from one mode of track-
ing to another track less efficiently than under unified set. Webster and
Solomon (1955) also observed that the comprehension of a single com-
plex message is impaired if the subject had expected the presentation of
two simultaneous messages. Two plausible interpretations of these
- findings are: (1) the divided set requires the maintenance of an orienta-
- tion pattern which is both more strained and less effective than in unitary
set; (2) the organization of divided set draws directly on the capacity of
the organism.

STRUCTURAL INTERFERENCE

The introduction to this chapter distinguished two types of inter-
ference between tasks: capacity interference, which arises as a function
of the attentional demands of competing activities; and structural inter-
ference, which occurs because the activities occupy the same mecha-
nisms of perception or response. Structural interference in perception
was illustrated in Chapter 8, where it was shown that concurrent moni-
toring tasks in one modality tend to be more difficult than concurrent
monitoring in different modalities (Treisman & Davies, 1972). This study
illustrates the general method by which structural interactions can be
demonstrated. Tasks A and B are equated by difficulty or by a physio-
logical measure of effort, when performed singly. If the combination of
task A with a new task C is more demanding or difficult than the combi-
nation of tasks B and C, this result provides evidence for interference be-
tween A and C beyond what can be explained in terms of attention or
: capacity. The alternative interpretation, that tasks B and C are mutually
facilitating, also assumes a structural interaction.

Structural interference appears to have been a confoundmg factor
in several of the studies that attempted to measure capacity interference.
Thus, Brown (1966) noted that the subsidiary tasks of interval production
and random-number generation are affected differently by primary activ-
ities that involve a high rate of overt responses or a high rate of mental
activity. Similarly, there are indications that probe-RT measures are
especially sensitive to the motor component of the primary activity. The
general rule appears to be that similar activities tend to be mutually
interfering, unless they can be integrated. :

Structural interference can also arise within a single task through
an interaction between the modality of the response and the modality of
the input that controls the response. Brooks (1968) has offered an elegant
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demonstration of this effect. In one of his experiments, he briefly pre-
sented a line diagram (e.g., Fig. 10-1A), and later required subjects to
begin at the star and categorize successive corners by saying “yes” if the
corner is on the extreme top or bottom and “no” otherwise. The correct
sequence of answers in this example is “yes,yes,yes,no,no,no,no,no,no,yes.”
Three modes of response were compared: calling out the words “yes”
or “no” for each corner; pointing to the appropriate word in columns of
“yes” and “no” (Fig. 10-1B); tapping with the left hand for “yes,” and
with the right hand for “no.” The first response was purely vocal, while
the second required visual monitoring. Subjects had much more difficulty
with pointing than with the other modes of report. In another condition,
the subjects heard a sentence (e.g., “A bird in the hand is not in the
bush”) and were asked to recall the sentence and to categorize each
word as a noun (“yes”) or any other part of speech (“no”). The same
three modes of response were used, but now the vocal response was by
far the most difficult. Brooks (1968, p. 354) remarked: “The subjects
reported that they ‘could say the sentence to themselves’ while tapping
or pointing, but not while saying ‘yes’ or ‘no.” The diagrams could be
‘pictured’ while the subjects were tapping or saying ‘yes’ or no,” but not
while they were trying to point.”

Brooks (1967, 1970) also showed that reading and visualization are
mutually interfering. Subjects were given a verbal description of a spatial
arrangement, and were asked to imagine and describe a rotation of that
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FIGURE 10-1
(A) Example of a stimulus in Brooks’ (1968) study (with permission). (B) Dis-
play used in pomtmg task.
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arrangement. They were able to do so faster if they merely listened to
the original description than if they also read it. Structural interference
occurs between visual operations within a single task.

‘Others have reported related findings. Lowe and Merikle (1970)
found that spoken recall causes more output interference with the reten-
tion of auditory material than does written recall. Greenwald (1970a)
found that people are better able to resist auditory distraction when
they write than when they speak. Greenwald (1970c) reviewed James’
ideomotor theory of action, which explains such interactions by the idea
that images are involved in the control of action. A subject who prepares
to utter a word produces anticipatory acoustic imagery, and this imagery
may be disrupted if he hears a spoken word at the critical time.

These results extend the conclusion that simultaneous inputs on a
single modality are likely to be mutually interfering. Interference is also
likely when one modality is simultaneously involved in the control of
response and in the discrimination of inputs. Thus, concurrent tasks
that involve the same modality or response system are likely to suffer
from structural interference.

The suggestion that all interference between tasks may be struc-
tural was advanced by Allport, Antonis, and Reynolds (1972). They pro-
posed that an appropriate model of man may not be a single general
purpose computer, but rather “a number of special purpose computers (pro-
cessors and stores) operating in parallel and, at least in some cases,
capable of accepting only one message or ‘chunk’ of information for
processing at one time [p. 233].” As evidence, the authors showed that
shadowing an auditory message impairs retention of a concurrent list
more severely if the list is auditory than if it is visual, and more severely
if the visual material consists of words than of pictures. In addition,
they showed that experienced piano players could sight-read and shadow
an auditory message at the same time with little evidence of interference.
The authors justly emphasize the observation that subjects who shadow
an auditory message can play the piano, but cannot effectively listen to
another verbal message.

In contrast to these results is the finding of Peterson (1969) that
complex covert problem-solving, including the solution of anagrams,
can be carried out while the subject is engaged in continuous high-speed
counting or recitation of the alphabet. Evidently, the involvement of
verbal mechanisms in both tasks does not entirely preclude parallel per-
formance. Interference was primarily determined by task complexity in
Peterson’s study. These results present a difficulty for Allport’s multi-
channel theory.

Structural interference between related tasks suggests the image
of antagonistic interactions among neural structures, such that a high
degree of activation of one structure tends to reduce the level of activity
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in others. This mode of organization is prevalent in the nervous system,
where it appears both in sensory analysis and in the control of motor
output. An enhanced input is required to keep any unit in such a system
at a specified level of response when another unit is simultaneously
activated. Thus, the simultaneous operation of two antagonistic units
demands; a greater input than the sum of the inputs that are required
for separate operations. The strength of the inhibitory connections usu-
ally depends on the functional separation between the interacting units.
Neighboring units tend to interact more strongly than distant units. It
is readily seen that this feature of neural organization is quite compatible
with the suggestion by Allport (1971; Allport et al., 1972) and by Treis-
man (1969; Treisman & Davies, 1972) that similarity between interacting
activities is the primary determinant of interference.

For an effort theory, the occurrence of interactions between tasks
is a complication, because the attractive notion that effort demands of
concurrent tasks are additive must be abandoned whenever such interac-
tions occur. It is obviously impossible to predict the amount of interfer-
ence between two tasks solely on the basis of their separate demands for
effort. Overlap, similarity, and mutual compatibility must also be con-
sidered. However, it appears equally impossible to account for the phe-
nomena of interference without reference to the role of task difficulty.
Thus, it is useful to retain the term of structural interference for situa-
tions of strong interaction between similar tasks, and to apply the label
of capacity interference to situations where difficulty is the main determi-
nant of results.

INTERFERENCE AND EFrFORT THEORY

Let us now recapitulate the major assumptions that appear to be
required to explain the phenomena of task interference. First, we must
assume the existence of performance units, roughly equivalent to the
perceptual units that were discussed in Chapters 5 and 7. Attention, or
effort, is allocated to such units. We assume further that each such unit
is characterized by a certain level of demands, i.e., of need for attention
or effort. Performance falters if the amount of attention allocated to a
performance unit is less than the amount demanded. A further assump-
tion is that the amount of attention or effort supplied to a unit rises with
demand, but not sufficiently (see Fig. 2-1 on p. 15). When a task is made
more complex, performance slows down and errors increase in spite of
augmented effort.

Consider now the case in which two distinct performance units are
simultaneously selected. We assume that these units are non-redundant,
so that there is no possibility of integrating them into a superordinate



200 ATTENTION AND EFFORT

structure. The perceptual equivalent would be the presentation of two
different words to both ears at the same time, where both must be identi-
fied. When the units are non-redundant, it is reasonable to assume the
following inequality:

Demand of Joint Performance = Sum of Separate Demands.

The difference between the left-hand and the right-hand sides of this in-
equality is a measure of structural interference. If the two performance
“units are incompatible or otherwise mutually antagonistic, the effort re-
quired to perform both together will be greater. than the sum of the
effort required to perform them separately. In addition, the total effort
required to perform two acts together can be greater than the sum of sep-
arate demands, if the organization of joint performance itself demands
attention (Lindsay, Taylor & Forbes, 1968; Moray, 1967; Taylor, Lindsay
& Forbes, 1967).

The assumptions stated so far entall the prediction of some inter-
ference for all cases in which non-redundant tasks are performed to-
gether, even in the absence of structural interference. The basic assump-
tion of the model is that the supply of effort is a negatively accelerated
function of demand. Since the joint demands of two performance units
are greater than the demands of either, the total deficit must be larger
in joint performance than when the tasks are executed in isolation. Thus,

Total Deficit = Sum of Separate Deficits.

According to the assumption that supply is an increasingly insufficient
response to demand, the total deficit increases with the total demand.
Consequently, there will be little interference when both tasks are easy,
and interference will increase with the difficulty of either task.

In this conception, interference is explained by the shape of the
function that relates the supply of effort to the demand. This assumption
is proposed instead of the commonly stated notion that a general limit
on capacity explains task interference. The idea of a constant limit on
capacity is inadequate, since it is easy to show interference occurring
even in situations where the actor does not exert the maximal effort of
which he is capable. -

The preceding considerations indicate that 1nterference must occur
whenever two distinct tasks are performed together. However, the actor
has considerable freedom to determine which task will suffer inter-
ference. Subjects are capable of protecting one task, so that it is per-
formed in conjunction with another nearly as well as in isolation, and the
entire interference effect is then found in the performance of the subsid-
iary task (Kahneman, 1970).
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The treatment so far has assumed that the competing units of
action are performed in parallel. This assumption was made because of
the well-documented failure of various single-channel models. However,
the maintenance of parallel organization of processing can sometimes
lead to a total failure of one or both acts, and a sequential strategy must
be adopted to prevent such overload. When the two tasks both consist
of serial units of performance, the units of both tasks are often inter-
leaved. Indeed, a basic rule of the policy that allocates attention appears
to be that jamming of the system is not permitted to occur. When the
demands of two tasks cannot be adequately satisfied, one is typically
selected and the other is delayed or abandoned.

A similar conclusion was reached earlier in the dlscussmn of dual
monitoring. When two targets are presented at once, the typical outcome
is for one to be perceived and for the other to be ignored entirely. If the
subject is expecting the simultaneous occurrence of the two targets,
processing is sometimes parallel and sometimes strictly sequential. The
choice of processing mode depends at least in part on the load imposed
by the competing activities.

The results in studies of divided attention are generally compatible
with a view of attention, or effort, as an input to central structures which
enables or facilitates their operation. The main attributes of attention
are the following:

(1) Attention is limited, but the limit is variable from moment to
moment. Physiological indices of arousal provide a measure that
is correlated to the momentary limit.

(2) The amount of attention or effort exerted at any time depends
primarily on the demands of current activities. While the invest-
ment of attention increases with demands, the increase is typically
insufficient to fully compensate for the effects of increased task
complexity.

(3) Attention is divisible. The allocatlon of attention is a matter of

~ degree. At high levels of task load, however, attention becomes
more nearly unitary.

(4) Attention is selective, or controllable. It can be allocated to facili-
tate the processing of selected perceptual units or the execution of
selected units of performance. The policy of allocation reflects per- -
manent dispositions and temporary intentions.

ReviEw

This final chapter applied the theory of effort introduced in Chapter
2 to the interpretation of task interference. There is strong experimental
support for the main conclusion from this theory, that interference
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between concurrent tasks depends on the demands that these tasks
separately impose on the limited capacity system. The effort demands of
tasks do not always correspond to intuitive notions of task difficulty. For
example, subvocal rehearsal, the choice and execution of free responses,
and tests of recall on familiar material appear to reqmre cons1derable
effort, although they would be judged simple.

The spare capacity which is available at any instant during the
performance of a primary task can be measured by the accuracy and
speed with which unexpected probe signals are handled.

A distinction was drawn between two meanings of the term atten-
tion demands. Demand,; denotes that an activity cannot be carried out
without a sufficient allocation of attention. Demand, denotes that a prior
selective set or an evaluation of the quality of performance of an activity
controls the amount and allocation of attention. Perceptual analysis nor-
mally does not demand, attention, although it demands, attention. These
terms were applied to an analysis of several variants of preparatory set,
of which some reduce the attentional requirements of tasks, wh11e others
ensure that these requirements will be met. '

Some evidence for structural interference was reviewed. There
appear to be many situations in which concurrent tasks interact so that
the demands of dual performance greatly exceed what would be ex-
pected on the hypothesis that effort is additive. Structural interference
is typically observed when the interacting tasks requlre the operation of
similar mechanisms of perception or response.

The final section reviewed the interpretation of interference within
an effort theory. The concept that interference occurs only when a
limited capacity is exceeded was rejected, because capacity appears to
be variable, and because interference arises even among fairly unde-
manding tasks. Interference was explained on the alternative assumption
that the supply of attention generally fails to meet increasing demands.
This assumption is needed to explain why increased effort fails to com-
pensate fully for increased difficulty, in both the single-task and dual-task
situations.





