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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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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.





