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ABSTRACT

Compc I f Orienti 0 Vi ]

Elizabeth Ann Maylor

Experiments were conducted to investigate the
alignment of attention with a location in visual space as
the result of either an internal search plan or an
external stimulus event; namely internally- and
externally-controlled orienting. First, if an informative
cue is presented to fixation indicating the probable
location of a subsequent target to appear in the visual
periphery within the next 1000 msec, the detection
response is faster to a target appearing in that location
than to one appearing elsewhere, even in the absence of
eye movements (internally-controlled covert orienting).
Second, a brief non-informative cue presented in the
visual periphery also speeds the detection response to a
target if it appears 100 msec after and in the same
location as the cue, compared to a different location
(externally-controlled covert orienting). In addition to
the facilitation of manual responses, a target from the
same location in the periphery as the cue appears to occur
earlier than one from a different location, for intervals
between the cue and the target of up to 500 msec.
Although temporal Jjudgments are unaffected at longer
cue-target intervals, both manual and ocular responses are
slower to a target appearing between 300 and 1300 msec
after a cue in the periphery and in the same location than
to one in a different location. This inhibitory effect
requires that the cue and the target share environmental,
but not necessarily retinal, co-ordinates and occurs
regardless of whether or not the first event (the cue)
requires a response. Externally-controlled orienting is a
necessary but insufficient condition to produce
inhibition, as the alignment of either the attention or
the eyes with the previously-stimulated 1location can
overcome the effect. However, not every event in the
visual periphery results automatically in
externally-controlled covert orienting. It can be
reduced, delayed or even prevented by additional
information present in the visual field, or by the
requirements of secondary tasks. The facilitatory and
inhibitory components of externally-controlled orienting
appear to act together to direct the eye movement system
and to maintain selectivity in visual space.
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CHAPTER 1

1.1 Historical Background

In 1866 Helmholtz described an experiment where

'the attention is entirely independent of the
position or the accommodation of the eyes or,
indeed, of any known variations in or on the
organ of vision. Thus, it is possible, simply
by a conscious and voluntary effort, to focus
the attention on some definite spot in an
absolutely dark and featureless field. In the
development of a theory of attention, this is
one of the most striking experiments that can be
made.' (Reported in Helmholtz, 1925, p455)

Psychologists have long believed that visual attention can
be shifted from one object to another without any
discernable outward sign such as a change in eye position.
The visual system as part of the limited-capacity human
organism must be selective in its processing of
information. Kinchla (1980) argued that the only
consistent feature of attentional research is an interest
in this selective aspect of information processing. James
(1890) described selective attention as
'taking possession of the mind, in clear and
vivid form, of one out of what seems several
simultaneous possible objects or trains of
thought. Focalisation, concentration of
consciousness are of its essence. It implies

withdrawal from some things in order to deal
effectively with others.'(p303-4)

Attentional research conducted since 1950 has largely

been concerned with the 1issue of whether selective
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attention occurs at the perceptual (early) or Iesponse
(late) stages of information processing. Early work on
spatial selectivity includes Cherry's (1953) studies of
dichotic 1listening and Sperling's (1960) partial report
technique. In the dichotic listening experiments it was
found that subjects were able to attend to information
presented to one ear (or ‘channel') and to ignore
information presented to the other. Such findings led to
perceptual selection models such as that of Broadbent
(1958) which proposed a large-capacity sensory storage
mechanism that maintained stimuli in a relatively
unprocessed state for a short period of time. From this
temporary storage, a filter (or device for allocating
attention) selected certain stimuli for further processing
or elaboration on the basis of some physical property,
such as arriving at the eye, or coming from a certain
location in space. A selection device was assumed to be
necessary in order to prevent overloading of the
limited-capacity central processing system. However,
several later studies provided support for response
selection models which propose that stimuli on
'unattended' channels are fully processed at the
perceptual level, selection occurring at the response
stage (for example, Deutsch and Deutsch, 1963). An
exper iment by Moray (1959) required subjects to shadow a
message presented to one ear and to ignore a message
presented to the other. Subjects occasionally noticed the
inclusion of their own name in the unattended message

which was taken by the late-selection theorists as
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evidence that all stimuli receive full perceptual analysis
even when they are unattended. This interpretation was
challenged by Treisman (1964) who argued that subjects who
are instructed to attend to one channel are still
influenced by a few features arriving on the other.
Broadbent (1982) noted that 'getting a few features..is
something very different from total analysis of the
unattended’'. (p259) Information from an unattended channel
is therefore not blocked altogether, but is attenuated. A
similar argument}was proposed by Egeth (1977) who reviewed
experiments in which subjects seemed unable to focus
visual attention sufficiently to filter out interfering
stimuli as far as five degrees from a centrally located
target. The results appeared to be consistent with the
idea that perceptual processes operate without attentional
control but Egeth argued that the mere fact of
interference does not indicate that a stimulus receives
the same analysis when unattended as when attended. It is
therefore not possible to conclude that subjects cannot
filter irrelevant information as it may be that the
interfering noise was filtered to some extent and that
interference effects were less than they would have been

if subjects had not been able to attend selectively.

Broadbent (1982) concluded that by 1970 filtering was
seen as a strategy that enables subjects to perform well
in tasks when interference would otherwise occur. For
example, in situations involving large numbers of stimuli

a subject who ‘'selects those events possessing a
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particular physical feature (such as location in a
particular point in space) will be able to cope adequately
with those events at the cost of knowing less about the

remainder of the things that are happening'. (p259)

In recent years, research has uncovered some of the
details of the processes involved in selectively attending
to locations in visual space (for example, Grindley and
Townsend, 1968; Posner, WNissen and Ogden, 1978). The
important question is whether or not perceptual processing
becomes more efficient as the subject 1is given more
precise foreknowledge concerning the stimulus. For
example, the subject may be asked to detect the presence
of a light. 1In a single-set condition the subject is
informed of the 1location in which the light will occur.
In a multiple-set condition the subject is told that the
light can occur in any one of a number of possible
locations. It is assumed that if there is a performance
difference between single- and multiple-set conditions,
then this indicates that attention can be allocated
selectively to spatial locations. However, these studies
have led to a debate about the locus of the selectivity,
which reflects the debate concerning the adequacy of
general models of selective attention that have been
developed since Broadbent (1958). For example, Shiffrin
(1975) argued that selection occurs in short-term memory
after early perceptual analysis has been completed.
Others have demonstrated visual selectivity using tasks

which place only trivial memory demands on subjects (for
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example, Bashinski and Bacharach, 1980), findings which
are difficult to reconcile with a memory interpretation.

These studies will be discussed in detail in section 1.4.

An important development in the field of attention in
the late 1970s was the distinction drawn between automatic
and controlled processing, based mainly on studies of
visual search (Schneider and Shiffrin, 1977; Shiffrin and
Schneider, 1977). Automatic processing occurs ‘'without
subject control, without stressing the capacity
limitations of the system, and without necessarily
demanding attention. Controlled processing is a temporary
activation of a sequence of elements that can be set up
quickly and easily but requires attention, is
capacity-limited (usually serial in nature), and is
controlled by the subject.'(pl, Schneider and Shiffrin,
1977) Although both the experiments and the conclusions
drawn from them have been criticised (Broadbent, 1982;
Ryan, 1983), the concept of automaticity has stimulated
much recent research, especially on language and reading.
The distinction between automatic activation and conscious
attention made by Posner (1978) on the basis of the
results from priming studies has been particularly
influential. The next section includes a summary of his

work.



1.2 Current Views of Attention

Posner (1978) proposed that the nervous system
consists of functionally independent isolated processing
systems or codes. These are the format by which
information is represented (for example, physical or
phonetic) and are sufficiently separate so that their time
courses can be manipulated. They are brought into
relation (or co-ordinated) through the use of an active
attentional mechanism of 1limited capacity that might be
identified with conscious awareness. Posner demonstrated
that different codes of the same stimulus can be selected
depending upon factors such as exposure duration, which
could not be explained by a serial levels of processing

viewpoint.

From priming studies he developed the idea of an
automatic connection between a stimulus and various
isolable codes activated by that stimulus.
Psychological pathways were defined as the set of internal
codes and their connections that are activated
automatically when a stimulus is presented. For example,
a subject was shown a pair of letters and asked to make a
speeded decision on whether they were the same or
different. They were preceded by a prime letter that was
sometimes identical to one or both of the test letters.
When the prime was identical to one of the test letters,
reaction time was faster than when it was not identical.

In addition, the bhenefit increased when the prime was
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reliably informative about the following letters. A
smaller benefit was obtained when the prime was only
rarely followed by a pair containing the same letter.
When the prime was reliable there was also a gcost for an
invalid prime (that is, one that was not identical to
either test letter) compared to a neutral condition in
which there was no prime. From a study of the costs and
benefits from priming a pathway, Posner argued that it is
possible to separate the automatic activation of pathways
from attentional processing. Automatic processes produce
benef its without costs and occur with unreliable primes or
with associations derived from experience. Attentional
processes, however, take longer to develop, need reliable
primes or specific instructions and give rise to both
benefits and costs. Thus Posner proposed three formal
criteria for assessing automaticity : Automatic
processing occurs without intention, without giving rise
to conscious awareness and without producing interference
with other mental activity. These criteria give a more
precise indication of automatic processing than those of
Schneider and Shiffrin (1977), and have received much
empirical support from single-word priming studies (for
example, Neely, 1977) and from studies employing full

sentence contexts (for example, Stanovich and West, 1981).

To summarise, automatic activation facilitates the
processing of stimuli that share the same pathway. Such
activation has no inhibitory consequences since the

pathways are activated in parallel. However, when a
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subject begins to attend to an activated pathway the
pattern is very different. Since attentional mechanisms
are of limited capacity, both facilitation of the attended
pathway and widespread inhibition of any other pathway
occur. Posner (1978) presented experiments using a
variety of dual-task probe procedures to investigate this
second type of processing and to reveal the way subjects
bring their expectations to bear upon automatic processes.
He argued that stimulus detection and recognition, for
example, result from the use of a single limited capacity
system. 'Limited capacity in this sense refers to the
characteristics of an isolable system that is so richly
interacting that its efficient utilisation for the
processing of a signal will usually reduce the efficency
with which it can process any other signal.'(pl23) The
isolability of the central attentional system is important
in that it implies that its time course can be manipulated
exper imentally, for example, by the use of warning
signals, independently of the time for the activation of

psychological pathways.

An important feature of conscious control therefore
seems to be that it is primarily inhibitory. Posner
considered that this was consistent with the basic nature
of the nervous system which seems to provide inhibition
from higher levels upon activity occurring at lower
levels. The limited capacity central system is seen as
serving an important controlling function by giving

priority to particular pathways and thus preventing other
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pathways from having access. It is not tied to any
specific mental operation, is independent of stimulus
modality, and its time course can be manipulated
experimentally by various chronometric techniques. Posner
associated the processes of orienting and detecting with
this mechanism of 1limited capacity. Before these are
described in detail, a separate mechanism, that of
alerting must be considered. The effects of alertness
(both tonic and phasic) appear to be to reduce the time
for the central mechanism to respond to the build-up of
information about a stimulus (Posner and Boies, 1971;
Posner, Klein, Summers and Buggie, 1973). Alerting
effects, for example as produced by a temporal warning
signal, are regarded as being independent of pathway
activation. In a sense a stimulus has a cortical pathway
that activates particular stored codes and a subcortical
pathway that produces alerting. Pathway activation
improves the build-up of information whereas alertness
does not alter the sensitivity of sensory or memory
systems. In reaction time tasks, increased alertness
results in a reduction in reaction time but has 1little
effect on error rate. However, providing a model of the
stimulus to be received improves both speed and accuracy.
Thus Posner distinguished alertness and gset as separate
components of attention. Set is considered as an active
process that arises from the subject's knowledge regarding
the nature of the stimulus to be received. Posner's
recent work (1978; 1980; 1981) has been concerned with

the study of simple detection tasks in which cognitive
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control, involving the operation of the limited capacity
system, is used to select stimuli of high priority. His
experiments investigated the 'most fundamental question
one can ask about set', that is, how do we prepare to
receive information from a particular location in space?
Posner (1978) demonstrated that set for the location of a
visual stimulus affects motor responses towards that
stimulus and that set can also be achieved by ‘'orienting
the central systems themselves without any overt
response'.(p215) Thus the ability to move attention in
visual space in the absence of eye movements was

illustrated by costs and benefits from location cues.

Posner distinguished between the three internal
mechanisms of alerting, detecting and orienting in the
following way. Alerting has already been described as the
overall activation level of the central processing system.
Orienting 1is the aligning of peripheral ox central
mechanisms with a source of sensory input or an internal
semantic structure stored in memory, whereas detection
indicates that a stimulus has reached a level of the
nervous system at which it is possible for a subject to
report its presence. Posner (1978) provided evidence to
suggest that there are differences between the modalities
in their activation of the three attentional mechanisms.
For example, detection of a visual stimulus occurs as a
result of orienting towards the stimulus, whereas an
auditory stimulus causes detection prior to orienting.

Posner (1980) claimed that early work on the orienting
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reflex (Sokolov, 1963) failed to distinguish between the
orienting and detecting processes. However, section 1.4
reviews work which clearly demonstrates that visual
orienting can occur without detection, that is, the
central mechanisms can be aligned with a potential
stimulus source before a stimulus has occurred. Also
experiments showing that subjects can orient with their
eyes to stimuli that they are unable to bring to
consciousness (Weiskrantz, 1980) provide further support

for the dissociation between orienting and detecting.

To conclude, attentional research has been concerned
with the mechanisms by which we prepare for and select
stimuli from a source of information in the presence of
competing stimuli from other sources. The work includes
experiments on the concentration upon a particular sensory
channel (for example, Broadbent, 1958) and more recently
upon one location in visual space (Posner, 1978).
Information that might compete with the selected stimulus

source appears to be filtered or attenuated.

Posner's most recent work on visual orienting
(Posner, Cohen, Choate, Hockey and Maylor, 1982)
considered the concept of filtering in the 1light of the
distinction between passive and active mechanisms (Posner
and Snyder, 1975; Schneidex and Shiffrin, 1977). The
experiments were concerned with the ability to maintain
concentration upon a source of sensory information for an

extended period of time. Posner et al contrasted two
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possible views of the filtering mechanism involved. The
first assumes that the filter is set actively but is
maintained passively, that is, without using processing
capacity, whereas the second emphasises the active nature
of both components, so that effective filtering occurs
only when central processing capacity is available. The
results seemed to provide tentative support for the second
view, that is, sustained concentration depends upon active

orienting towards the selected stimulus source.

The experiments presented in this thesis were
des igned to investigate orienting in visual space
following Posner's (1980) suggestion that further study of
visual orienting is

'capable of providing us both with important

tests of the adequacy of general models of human

cognition and with new insights into the role of
attention in more complex human activity.'(p4)

However, before reviewing previous work on visual

orienting, several terms to be used throughout the thesis

must be defined.

1.3 Definitions

First, a distinction 1is drawn between gvert and
covert visual orienting. Overt orienting refers to a
change in the alignment of sensory receptors (that is, eye
and head movements), whereas covert orienting refers to a
change in the alignment of the central processing system.

The second distinction is between gsymholic and direct
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cueing and refers to the two experimental methods used in
the thesis to indicate possible stimulus locations in the
visual field. For example, both an arrow pointing to the
left (presented to fixation) and a brief stimulus in the
left visual field are used to inform the subject that a
target stimulus may occur to the left of fixation. The
arrow represents symbolic cueing as the subject must
interpret the cue in order to know the cued location. The
second type of cue provides a more direct indication of
stimulus location without requiring the subject to know
the meaning of arbitrary symbols such as arrows. Thirdly,
visual orienting can be internally- or
externally-controlled (Posner, 1980). For example, eye
movements can result from an internal search plan or be
driven by an external stimulus event (Kahneman, 1973).
(However, in natural viewing conditions it is possible
that this dichotomy is an oversimplification and that
internally- and externally-controlled orienting form the

extreme ends of a continuum.)

1.4 Internally-Controlled Orienting

The observations of Helmholtz described in section
1.1 have been confirmed by a number of recent experiments
where subjects have been induced to shift their attention
(but not their eyes) to specific locations in the visual
field. Various experimental techniques have been used.
Several studies have employed a paradigm based on

Sperling's (1960) cueing technique and have demonstrated
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improved target identification following priming by a
spatial cue. For example, Eriksen and Hoffman (1973)
demonstrated that prior knowledge of spatial location
improves the recognition of tachistoscopically-presented
letters. They found that performance steadily improves
with increasing delay between the location cue and display
presentation up to 150 msec. Sperling and Melchner (1978)
and Jonides (1980) used a visual search task to
demonstrate that even in the absence of eye movements,
subjects are able, upon instruction, to attend selectively
to parts of visual arrays. The results of Engel (1971)
from a task demanding high acuity indicated that selective
attention can be decoupled from the 1line of sight by
voluntary control. In an ingenious experiment, DelPezzo
and Hoffman (1980) made use of a reflex-modification
procedure to demonstrate that attention can indeed be
directed away from the fovea. They presented a brief
stimulus to various locations in the visual field, which
inhibited an eyeblink elicited by a subsequent tap to the
glabella (the region between the eyebrows). Subjects were
able to move their attention towards and away from the
location of the visual stimulus, thereby changing the

amount of inhibition.

Bashinski and Bacharach (1980) employed a
signal-detection task to examine the effects of selective
attention on perceptual sensitivity. Visual
signal-detection tasks are especially effective in

assessing shifts in attention (Remington, 1978) and the
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analyses enable changes 1in sensory processing to be
separated from changes in decision processes. Their
results indicated that selective attention can enhance

perceptual sensitivity without any change in response

bias.

Several electrophysiological studies (for example,
Eason, Harter and White, 1969; Van Voorhis and Hillyard,
1977; Eason, 198]1) have revealed a clear and consistent
enhancement of components of the visual evoked potential
produced in response to stimuli at attended 1locations in
space. Moreover, the results indicated that information
from attended and unattended visual locations is in fact
processed differentially as early as 100 msec after the
onset of the stimulus. Behavioural and
electrophysiological evidence thus converge on the
conclusion that the human visual system has a mechanism
for selectively processing information from attended

spatial locations.

Probably the most extensive work on
internally-controlled orienting has been conducted by
Posner and his colleagues (Posner, Nissen and Ogden, 1978;
Posner, 1980). They measured simple reaction time to the
onset of a visual target, which could appear either to the
left or to the right of a central fixation point. Before
the presentation of the target, the subject was provided
with a cue which was either an arrow pointing to the left

or to the right, or a cross. The arrows correctly pointed
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to the target's location on 80% of the trials. The cross
indicated that the target was equally likely to occur on
the 1left as on the right. Reaction time was faster when
the target appeared in the location indicated by the cue
than on ‘neutral' trials (when the cue was the cross).
Furthermore, reaction time for the 20% of trials in which
the arrow pointed in the wrong direction was slower than
in the neutral condition. Thus Posner et al (1978)
demonstrated both a benefit in processing for a ‘'valid'
cue, and a cost in processing for an 'invalid' cue. They
were able to discount two possible explanations for these
results. First, the monitoring of eye movements during
the task and the subsequent deletion of trials when
movements occurred, showed that changes in detection speed
were not associated with preparatory eye movements towards
the expected target location. Secondly, because a simple
reaction time task was used, the results could not be

mediated by selective motor preparation.

Posner interpreted his results as being due to
selective visual attention of 1limited capacity. Thus
attending to one 1location requires the commitment of
attentional resources to that location, which, since
resources are limited, entails a reduction of resources at
other locations. This separation of the benefits due to
the subject's knowledge of where a stimulus might occur
from the costs when it occurs at an unexpected location is
an example of the 'cost-benefit analysis' described in

section 1.2. The analysis was originally used in
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letter-matching studies (see Posner, 1978) but has been
adapted for use not only in experiments on attentional
allocation but also on movements of attention through
visual space (Shulman, Remington and McLean, 1979;
Remington and Pierce, 1982). For example, Shulman et al
found that the shift of attention appears to take place
within 500 msec following a cue indicating the most likely
location of the target (either 18 degrees to the left or
18 degrees to the right of fixation). These shifts can be
'time-locked' to a central cue and the important result
was that a probe stimulus located between the cue and the
target received maximal benefit from attention at a time
prior to maximal benefit at the target. Such a result
provides support for an 'analogue' model which supposes
that attention moves in a continuous manner across the
visual field. This contrasts with a ‘'discrete' model
which assumes that moving attention involves the same type
of suppression found in saccadic eye movements. These
results were taken by Posner (1980) to indicate that when
subjects are asked to commit attention to a particular
location in space other than fixation, the instruction is
executed by

‘orienting a covert (attentional) mechanism that

seems sufficiently time-locked to external

events that its trajectory can be traced across

the visual field in terms of momentary changes
in the efficiency of detecting stimuli. "' (p3)

Posner, Nissen and Ogden (1978) were also able to
demonstrate costs and benefits when the response was an

eye movement to a peripheral target. Subjects were given
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a symbolic cue indicating where in space the target was
most likely to appear. Benefits in terms of reduced
saccade latency occurred when the target appeared at the
expected location and costs were found when the target

appeared at an unexpected location.

However, there are two potential problems in
interpreting these experiments as demonstrating capacity
limitations. First, a decline in performance as stimulus
uncertainty increases (for example, from valid to neutral
trials) is generally assumed to indicate that several
channels cannot be monitored as effectively as one.
However, even if attentional capacity were unlimited,
performance might 8till be expected to decline under
certain conditions (Egeth, 1977). For example, in studies
of wvisual search a present/absent Jjudgment is made by
integrating the information from all the relevant
channels. As the number of channels increases, so does
the probability of a response being triggered by noise in
a channel not containing the target. It is unlikely,
however, that this explanation could account for the
results presented above, particularly from studies
measuring reaction time to suprathreshold stimuli and from
electrophysiological studies. Secondly, Duncan (1980a)
and Mulligan and Shaw (1981) have pointed out that if a
subject 1is biased towards one stimulus, the benefits
enjoyed by this alternative may reflect not a preferential
allocation of attentional capacity, but simply a

willingness to decide in its favour with relatively little
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evidence. Thus it may be possible to describe Posner's
results as being due to a reduced criterion at the
expected target location. This explanation can be
discounted for a number of reasons. Posner (1978) noted
that knowledge regarding the spatial location of auditory
and tactile stimuli is of no benefit, which

'..helps to provide an answer to the view that

visual cues may improve performance only because

subjects are somehow reluctant to respond to

information arising from an unexpected position

in space. If this were 8o, all modalities

should show a similar reluctance or bias. That

they do not suggests that costs and benefits

found in vision represent genuine advantages

from orienting internal attentional mechanisms

toward the input signal.' (p205)
The experiment by Bashinski and Bacharach (1980) mentioned
above employed a visual signal-detection task within a
cost-benefit analysis. Their procedure provides a means
of separating changes in sensory and decision processes.
A symbolic cue directed the subject's attention either to
the left or to the right of fixation. The task was one of
detection of near-threshold stimuli and the cue indicated
with high, 1low or neutral validity the location at which
the stimulus would occur. Receiver-operating
characteristic curves were constructed from the subject's
rating scales and target location judgments. Significant
costs and benefits were found, supporting the view that
selective attention can actually enhance perceptual
sensitivity. However, the important result was that there
were no overall differences in response bias among the

three conditions (valid, neutral and invalid). Posner,

Snyder and Davidson (1980) reported four experiments
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demonstrating ways in which expectancy improves
performance at the expected target location. First, costs
and benefits were reduced when the expected location
remained constant throughout a block of trials, rather
than being cued at the start of each trial. Second,
information regarding stimulus Jocation affected
performance but not information about stimulus form.
Third, the costs and benefits in terms of reaction times
were not associated with changes in accuracy. Fourth,
subjects seemed unable to lower their criterion at two
spatially-separate locations simultaneously. Posner et al
concluded that

‘a framework involving the employment of a

limited-capacity attentional mechanism seems to

capture these constraints better than the more
general language of criterion setting. ' (pl60)

The costs and benefits associated with a spatial cue
have been clearly demonstrated by Posner and his
colleagues. It is therefore surprising that there are
several studies in the 1literature which have failed to
find effects on reaction time or threshold detection in
apparently similar experiments. For example, Mertens
(1956) measured the probability of detection of peripheral
test flashes and found that it was

‘disadvantageous to have special attention for

the direction in which the flashes can be seen

instead of general attention for the whole

field. '(pl069)
Grindley and Townsend (1968) found that instructions to
attend to a particular peripheral location had no effect

on perception unless there were ‘simultaneously exposed



21

stimuli 1in other parts of the field. Shiffrin's (1975)
view, mentioned in section 1.1, was based on the results
of a number of studies involving different sensory
modalities - visual (Shiffrin and Gardner, 1972), tactile
(Shiffrin, Craig and Cohen, 1973), auditory (Shiffrin,
Pisoni and Castaneda-Mendez, 1974), and mixed modality
(Shiffrin and Grantham, 1974). He concluded that
selective attention does not affect the accuracy of
perceptual processing and that attentional effects arise
in short-term memory. For example, Shiffrin and Gardner
(1972) asked subjects to identify which of two letters was
present in a briefly-presented four letter display. There
were two conditions : simultaneous and sequential. All
the letters were presented together in the simultaneous
condition, whereas in the sequential condition the letters
were presented one at a time in a fixed spatial pattern
known to the subject. They argued that models assuming
attentional control and limited capacity would predict an
advantage for the sequential condition as processing
capacity could be allocated separately to each 1letter.
However, performance in the two conditions was very
similar and it was concluded that the initial stages of
visual processing occur without capacity limitation and
attentional control. There are several possible
explanations for these anomalies. Bashinski and Bacharach
(1980) suggested that the demonstration of attentional
effects 1is dependent first upon the ability of the
particular experimental procedure to produce real changes

in attentional allocation, and secondly on the type of
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measure used to index costs and benefits. They attributed
the results of Mertens (1956) to the first factor, that
is, to a failure to produce changes in attentional
allocation. The second factor relates to experimental
procedures in which the stimulus location is known exactly
(that 1is, the cue is 100% valid), so that the results can
only demonstrate benefits for an attended 1location, but
offer no information about unattended locations. In
addition, the assessment of benefits is accurate only if
the neutral condition controls for factors that may affect
responses such as the alerting properties and the
processing demands of the cues. Sperling and Melchner
(1978) pointed out serious methodological flaws in the
Grindley and Townsend (1968) study, the major problem
being that different (unreported) exposure durations were
used in the single and multi-element displays, making a
comparison between them difficult. Several investigators
have attempted to explain the results of Shiffrin and
Gardner (1972) (for example, Beck and Ambler, 1973;
Duncan, 1980b). First, the visual angles involved were
very small (less than 1 degree). It is possible that
attention improves performance primarily outside of the
fovea. The visual system processes stimuli in detail at
the fovea and so it may not be possible for attention to
increase foveal sensitivity. Second, their experimental
procedure in the sequential condition probably did not
allow selective attention to take place. 1In the light of
recent evidence (Shulman, Remington and McLean, 1979;

Sperling and Reeves, 1980) it seems unlikely that 40 msec
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per stimulus was adequate 1in order for ‘'attention
switching' to occur. Unfortunately, in an attempt to
increase possible switching time Shiffrin and Gardner
included a condition which required subjects to divide
their attention between two 1locations either side of
fixation, a task which subjects seem unable to carry out

(Posner, Snyder and Davidson, 1980).

It can be concluded that in the absence of eye
movements, attention can be moved around the visual field
in accordance with instructions ('internally-controlled
covert orienting'). Possible reasons have been given for

the failure of a few studies to demonstrate this ability.

1.5 Overt and Covert Orienting

What is the relationship between these shifts of
attention (covert orienting) and the saccadic eye movement
system (overt orienting)? Saccades provide a fast and
accurate means of bringing foveal vision and therefore
high acuity to potentially interesting areas of the
per iphery. However, the previous section has shown that
spatial selectivity can occur in the absence of eye
movements ; that is, changes in the allocation of
attention from one location to another can affect the
perception of visual stimuli. This suggests that the
movement of attention through visual space is not under
the complete control of the saccadic eye movement system.

An alternative might be that the two systems are entirely
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separate and independent. A more moderate position is
provided by ‘'efference theory', described by Klein (1980),
which proposes that in order to move attention to a
particular location in space, the subject prepares to make
an eye movement to that location. However, experiments
reported by Rayner, McConkie and Ehrlich (1978), Posner
(1980 and 1981), Klein (1980) and Remington (1980) provide
evidence in favour of a 1less restrictive view of the
relationship; that 1is, eye movements and attention are
both summoned by important peripheral stimuli and so have
a functiopal but not a physiological relationship. The
most important work has been that of Remington (1980)
using a detection - threshold paradigm. His subjects
attempted to detect brief stimuli which occurred at
different locations in space and at various times relative
to an eye movement. The results showed that attention
moves to the target location for an eye movement prior to
the eye leaving the fixation point. The attention
movement takes place within 50-100 msec following the
peripheral target presentation which represents a similar
time course to that observed by Wurtz and his colleagues
for selective enhancement of collicular units in monkeys.
A number of physiological studies (for example, Goldberg
and Wurtz, 1972; Wurtz and Albano, 1980; Wurtz, Goldberg
and Robinson, 1980; Fischer and Boch, 1981) have
suggested that there is a close relationship between the
mechanisms responsible for saccades and shifts of
attention. Cells in the superior colliculus of the monkey

appeared to be involved in both saccadic eye movements and
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shifts of visual attention. When a peripheral stimulus
was the target for a saccade, some cells whose receptive
field included the target location responded with
increased activity to the stimulus 40-50 msec following
its onset. No enhancement was observed to stimuli in the
receptive field of a cell when the monkey was making an
eye movement to another location. The enhanced response
of these collicular cells was time-locked to the onset of
the movement cue rather than to the saccade itself. No
enhancement occurred during spontaneous saccades. Indeed,
Remington (1980) also found that human attentional
movements were more closely tied to the onset of relevant
peripheral stimuli than to eye movements. When a
peripheral stimulus elicited an eye movement, an attention
movement also occurred which did not appear to be under
the subject's control. However, when eye movements were
generated in response to a symbolic cue at the fovea no
shifts of attention were found prior to the saccade.
These results suggest that there is a closer relationship
between peripheral stimuli and attention than between

attention and eye movements.

Posner (1980) concluded that the relationship between
overt and covert orienting is a functional one and

‘often depends more upon the presentation of an

important peripheral event than on the eye
movement toward that event.'(pl9)

When eye movements and attention are coupled by the

appearance of a peripheral stimulus, the movement of

attention occurs before the saccade.
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1.6 Externally-Controlled Orienting

Engel (1971) distinguished between internally- and
externally-controlled orienting in the following way:

'In daily life only a very few visible objects

around us are actually noticed. Some objects

generally strike the attention and as a

consequence are seen, while most others are

overlooked unless our attention is directed

towards them. Apparently our attention performs

an information selection. The factors

inf luencing this selection process can be

divided into object factors and subject factors,

termed external and internal determiners of

attention... "' (p563)
Remington (1980) concluded that relevant stimuli in the
peripheral visual field trigger both a saccade and a shift
of attention, and that 'to some degree' the attentional
movement automatically follows the presentation of a
significant peripheral stimulus. A similar observation
was made by Flowers, Polansky and Kerl (1981) who noted
that certain familiar wvisual stimuli ‘automatically'’
direct attention to particular locations within a display.
However, the first experiments on externally-controlled
orienting were conducted by Jonides (1976). He
demonstrated that a peripheral stimulus can 'involuntarily
capture' a subject's attention. Target presentation was
preceded by a direct cue (a brief visual stimulus that
could occur to the left or right of a central fixation
point). Simple reaction time was faster when the target
occurred on the same side of the visual field as the cue
than when it appeared on the opposite side. Further work
by Jonides (198l) attempted to compare internally- and

externally-controlled orienting. Subjects were induced to



27
shift their attention (but not their eyes) through the use
of two types of visual cue (symbolic and direct) which
were described in section 1.3. Direct cueing was shown to
produce shifts of attention which were more consistent
with a number of criteria for automaticity (to be
described in chapter 5) than shifts produced by symbolic
cueing. Jonides gave three possible explanations for this
difference. First, direct cues can be more precise in
their localisation of the cued position. Second, symbolic
cues are less effective because they need to be
interpreted (which requires time) before the cued location
is known to the subject. Third, a peripheral cue
‘effectively captures attention because it exploits a
predisposition of the visual system to be especially
sensitive to salient discontinuities of £ the
fovea. ' (p200-1) For example, recent work by Yantis and
Jonides (1982) suggested that transient stimuli, that is,
those with sharp temporal boundaries, engage selective
visual attention ‘'perhaps automatically' through the
activation of transient visual channels ( see also Todd

and Van Gelder, 1979).

An important issue concerning externally-controlled
orienting is the question of automaticity. Jonides and
Irwin (1981) commented that a recent focus of research has
not been on attention but rather on its absence. It was
noted in section 1.1 that several investigators (for
example, Posner and Snyder, 1975; Schneider and Shiffrin,

1977) distinguished between processes that are under
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conscious or strategic control and those that are
automatic. Posner and Snyder defined an automatic process
as one that 1is rapidly developing and initiated without
the subject's intention or awareness. In contrast,
conscious processes are controlled by the central,
limited-capacity processor and thus are characterised as
slowly developing, intention-requiring processes that
interfere with other activities. The evidence from the
work of Jonides (1976 ; 1981) seems to indicate that

externally-controlled orienting occurs automatically.

A second major issue concerns the consequences of
externally-controlled orienting. These have been
investigated by Posner and Cohen (1980). They presented
subjects with three boxes, one on the left, one at the
centre and one on the right of an oscilloscope screen.
Subjects were required to fixate on the central box
throughout the experiment. A trial began with the
br ightening of one of the peripheral boxes, chosen
randomly, for 150 msec ( a direct cue). Targets occurred
at 0, 50, 100, 200, 300 or 500 msec following the onset of
the cue and were dots appearing well above threshold

usually inside the central box (probability

0.6), but
also inside either peripheral box (probability = 0.2). A
small number of trials were catch trials when no target
occurred. A simple detection response of a single manual
key press to the appearance of the target was reguired.
Trials when eye movements occurred were deleted from the

analysis. Their results showed that targets occurring
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inside the cued peripheral box were responded to faster
than those inside the opposite box for the cue onset -
target onset intervals of 0, 50 and 100 msec. For the
intervals of 300 and 500 msec however, this was reversed
so that targets were responded to slower when they
appeared inside the cued box than inside the opposite box.
Responses to targets appearing in the centre were faster
throughout which was to be expected because they would
benefit from foveal processing and were more 1likely to
occur there. Posner and Cohen argued that the initial
advantage to the cued side was due to the summoning of
attention by the direct cue. This effect was termed
facilitation. However, this early advantage to the cued
side was replaced by a subsequent inhibition after
attention had presumably returned to the centre (because

targets were more likely to occur there).

They investigated some possible explanations for
these effects. First, they found that facilitation and
inhibition occurred regardless of whether the direct cue
was the brightening or the dimming of the peripheral box.
This demonstrated that facilitation cannot be explained by
forward brightness enhancement. Secondly, concerning
inhibition, it may be that after failing to find a target
at the cued location, the subject switches attention to
the alternative. In order to test this, they again used a
central box, though it was surrounded by four boxes rather
than two. The extra boxes were placed above and below the

central box. Targets appeared inside the central box with
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a probability of 0.6 and in each one of the four
peripheral boxes with a probability of 0.1. The cueing
procedure was the same as in their original study. They
found that there was the usual early advantage for the
cued location which was replaced by a disadvantage with
respect to the other three peripheral locations at the
longer cue-target intervals. However, the location
opposite the cued box was no faster than the locations
above and below the central box, suggesting that the
inhibitory effect 1is not due to the realignment of
attention towards the opposite location. Also, a target
occurring in the direction of the assumed attention
movement from the cue to the centre is not necessarily at

an advantage over targets in other locations.

To investigate further the nature of inhibition,
Posner and Cohen returned to the simple three-box display
and included trials in which both peripheral boxes were
cued simultaneously. (No central targets appeared, so in
order to ‘'summon attention back to the centre', the
central box brightened 300 msec following the peripheral
cue.) The results of the single-cued trials were as
before. However, the double-cued trials showed reduced
early facilitation but as much subsequent inhibition, in
comparison with the single-cued trials. They suggested
that the facilitation result was consistent with their
previous work which showed that attention cannot be
divided effectively either side of fixation (Posner,

Snyder and Davidson, 1980). The finding of the usual
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amount of inhibition was taken as evidence that the
inhibitory effect 18 directly due to the sensory
stimulation rather than the result of attentional
orienting produced by the cue. The final experiment
reported by Posner and Cohen (1980) provided more support
for this view. The subject's attention was directed
towards a peripheral 1location using a symbolic cue
presented to fixation. This was an informative arrow
which told the subject that a target was more 1likely to
appear at the cued location (probability = 0.8) than in
the opposite location (probability = 0.2) if it occurred
during the following 600 msec. After this however, the
central box brightened to inform the subject that targets
were now more likely to appear at the centre (probability
= 0.6) than in the periphery (equal probability of 0.2 on
the 1left and on the right). 1In this way, attention was
first directed Lowaxds the periphery under internal
control then brought back to the centre by its brightening
and by the probability manipulation. The
symbolically-cued peripheral location was initially
facilitated but this disappeared after attention had been
redirected towards the centre and was not replaced by
inhibition. This supported their view that inhibition is
a consequence of the peripheral stimulation and not of the

previous directing of attention towards the periphery.

Posner and Cohen concluded that visual stimulation in
the periphery both summons attention and inhibits the

processing of further information from that 1location in
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visual space. Thus there appears to be a reciprocal
relationship between attention and sensory processes.
They suggested that this balance prevents overcommitment
of the subject's resources to a cued location and 1is in
line with the general tendency of the nervous system to
use opposed mechanisms to maintain equilibrium. Because
facilitation occurs in response to symbolic as well as
direct cues, Posner and Cohen regarded it as attentional
and the result of orienting to a visual location. The
inhibitory effect, however, seems to depend upon the
presentation of sensory information in the periphery,
since it does not occur when attention is directed by a

symbolic cue presented to fixation.

There are a number of possible explanations for the
inhibitory effect observed in externally-controlled
orienting. PFirst, it may be a 'response inhibition' of
the type described by Neill (1977) and Harvey (1980).
Harvey investigated possible non-informative effects of
cues by using the same stimuli as both cues and targets.
Two neon bulbs were mounted, one above and the other below
fixation. At the beginning of each trial one of the bulbs
(chosen at random) was lit for a short period (the cue),
which was followed after an interval by the target. This
was the lighting of either the bulb which had acted as the
temporal cue or the other (with equal probability). Thus
subjects were required to avoid responding to the first
light (the cue) but to make a speeded decision regarding

the location of the second 1light (the target). Choice



33
reaction time was slower when the target was the same
light as the brief visual cue than when the cue and the
target were different lights. This was interpreted as the
effect of response inhibition to the cue still being

present when the target appeared.

The second possibility is forward masking (for
example, Breitmeyer and Ganz, 1976). Metacontrast refers
to a particular type where the masking stimulus does not
overlap spatially with the target. Averbach and Coriell
(1961) demonstrated metacontrast in an experiment using
Sperling's (1960) partial report technique. A letter
display was presented briefly, followed after various
intervals by a cue indicating one letter of the matrix
which was to be reported. Performance was surprisingly
poor when the cue was an unfilled circle surrounding the
location of the target. The effect (termed metacontrast)
was maximal for an interval of 100 msec between the letter
display and the cue. However, Cohen (1981) provided
several reasons why forward masking fails to explain the
inhibitory effect observed by Posner and Cohen (1980).
For example, inhibition 1lasts for at 1least 500 msec
following a direct cue, which is well outside the range of
forward masking effects and indeed facilitation is found
at the time when masking normally occurs (0-100 msec).
Also, metacontrast has been shown to have no effect on
simple reaction time (Fehrer and Raab, 1962; Proctor,

Nunn and Pallos, 1983).
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The third possibility 1is that inhibition may be
related to habituation. Singer, Zihl and Poppel (1977)
found that visual detection thresholds increased by up to
1 log unit when targets were repeatedly presented in the
visual periphery. They concluded that 'these local
changes in detection threshold reflect shifts in visual
attention'.(pl188) Frome, MacLeod, Buck and Williams (1981)
also noted changes in threshold for repeated presentations
of peripheral flashes which could not be due simply to
retinal 1light adaptation. They referred to the effect as
'habituation to repetitive stimulation' because the 1loss
of sensory excitability exhibited seven out of the nine
characteristics of behavioural habituation 1listed by
Thompson and Spencer (1966). The effects were
quantitatively similar to those of Singer et al. However,
the habituation observed by Frome et al was found not to
transfer binocularly, which differed from the observations
of Singer et al who observed complete binocular transfer,
that is, presenting a stimulus to one eye influenced the
threshold for a stimulus presented to the other eye. This
difference led Frome et al to suggest that there may be
more than one type of visual habituation in humans. Most
of the experiments reported in this thesis were designed
to investigate these possible explanations for the

inhibitory effect.
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1.7 Ooutline of the Thesis

Methodology common to a number of the experiments is
described in chapter 2. Chapter 3 is concerned with
replicating and extending the work of Posner, Nissen and
Ogden (1978) on internally-controlled orienting. The
remaining experimental chapters (4 to 8) investigate
externally-controlled orienting, building on the work of
Posner and Cohen (1980). Chapter 4 attempts to replicate
their main findings and extends their technique to
investigate the effects of peripheral stimulation on eye
movements. The attentional nature of the facilitatory
component and the gquestion of automaticity are considered
in chapter 5. Chapters 6, 7 and 8 investigate the nature
of the inhibitory component and its relationship to
facilitation. Finally, the significance of the effects
observed and suggestions for future investigation are

discussed in chapter 9.
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CHAPTER 2

General Methods

2.1 Introduction

Many of the experiments to be reported in this thesis
share similar apparatus and stimuli and 8o to avoid
unnecessary repetition this chapter provides a description
of the basic methods used. The appropriate section of
this chapter will be referred to when an experiment Iis
described and only procedural details specific to the

particular study will be given in chapters 3-8.

2.2 Subjects

The subjects were undergraduates, postgraduates and
staff at the University of Durham (including the author).
All reported normal or corrected-to-normal vision. They

were volunteers and were not paid for their participation.

2.3 Symbolic-Cueing Experiments

The experiments to be described in chapter 3 used a
‘cue-target' technique for measuring voluntary movements
of spatial attention. They involved the presentation of a
symbolic visual cue which gave information about the
probable location of a target. Simple reaction time to

the target was then taken as a measure of the
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effectiveness of the use of the cue as a spatial and a

temporal warning signal.

2.3.1 Apparatus

Timing, presentation of stimuli and the recording of
responses were controlled by an IBM 1130 computer with a
WDV interface. The computer generated the visual display
through two Digital-Analogue-Converters (DACs) applying
voltages to the X and Y amplifiers of a Tektronix 602
display oscilloscope (P-31 phosphor). A morse key
connected to the digital input was used to measure
reaction time to the nearest millisecond (msec). A chin
rest was placed in front of the oscilloscope so that the
subject's eyes were level with and 30 cms from the centre
of the screen (see Figure 2.1). An angle-poise lamp
placed at the back of the 1laboratory provided dim

background illumination.

2.3.2 Stimuli

A permanent central fixation point was provided by a
small black ‘Letraset' spot (1 mm diameter) on the
oscilloscope. The cues all appeared well above threshold
in the centre of the s8creen immediately behind the
fixation point. These were arrows and crosses occupying 1l
degree of visual angle. Targets were slightly smaller
(0.6 degrees of visual angle across) and were squares of

25 dots of the same intensity as the cues. (The stimuli
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are illustrated in Figure 2.2.) Some procedural details
and reminders to the subject were also presented on the

oscilloscope (see below).

2.3.3 Procedure

The subject was seated in front of the oscilloscope
and the heights of the chin rest and the oscilloscope were
adjusted so that the subject was comfortable with eyes
level with the fixation point. The morse key was placed
in a position to be operated comfortably by the forefinger
of the dominant hand. Instructions were given informally
by the experimenter and any queries regarding the

subject's task were answered.

Experimental sessions were run in blocks of trials,
each block being preceded by the presentation on the
oscilloscope of information regarding the time in
milliseconds between the cue and the target ( for example,
'DELAY=1000'). Also there was a reminder that the eyes
were to remain on the fixation point during the
experiment, that is, 'N.B. Keep eyes on fixation point
throughout block'. A key press by the subject started a
block of trials. The 1instructions disappeared, to be
replaced by a number of practice trials. The experimental
trials did not begin until a further key press was made.
At the end of a block the results were printed out in the
adjoining room by the computer. These were in the form of

medians, semi-interquartile ranges, means and standard
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deviations of the simple reaction times for each

combination of cue type and target position, in addition

to error data.

Following an experimental session the aims of the
experiment were explained to the subject and any questions
were answered. In addition an indication of the subject's

own performance was given.

2.4 Direct-Cueing Experiments

Chapters 4,5,6 and 8 include experiments which used a
technique adapted from one originally devised by Posner
and Cohen (1980) to produce externally-controlled

orienting. Again a cue-target procedure was used.

2.4.1 Apparatus

Some of the direct-cueing studies were conducted
using the IBM 1130 computer as described earlier (section
2.3.1). Others, however, were run by a Computer
Automation ALPHA LSI 2/20 minicomputer with a Cambridge
Electronic Design (CED) interface. The only significant
differences between the studies conducted on these two
machines were (1) the reaction times were measured to the
nearest millisecond in the IBM-run experiments but to the
nearest centisecond in the ALPHA-run experiments; (2)
subjects were seated 50 cms away from the oscilloscope in

the experiments using the ALPHA, rather than 30 cms. The
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display parameters were altered to ensure that the visual
angles involved remained the same. In addition, one
direct-cueing experiment was conducted using a PDP 11/34
computer; this is described in detail in section 2.5.1.
In all important respects there was no difference between

the experiment run on the PDP computer and those run on

the IBM computer.

Again, analogue output to a Tektronix 602 display
oscilloscope was used to present the stimuli. In the
simple reaction time experiments a single key-operated
microswitch connected to the digital input was used as the
response Kkey. In the choice reaction time studies
button-operated microswitches mounted in a small box were
used. The subject's head was again held in position by a
chin rest. The laboratory was dimly illuminated either by
an angle-poise lamp or by one of the room 1lights (though

not the one directly above the subject).

2.4.2 stimuli

In most direct-cueing experiments to be reported,
three square boxes and a central fixation point inside the
middle box were generated by the computer and displayed on
the oscilloscope throughout a block of trials. The
positions and visual angles of the boxes are shown in
Figure 2.3. 'Cueing' was achieved by displaying the
intermediate points of a box in addition to those already

displayed. Each point was displayed at the same
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suprathreshold intensity 1level so that the effect of
doubling the number of points in a cued box was one of
brightening. Targets appeared as small squares of four

dots at the centre of either the left or the right box.

2.4.3 Procedure

The experimental procedure was similar to that given
in section 2.3.3. However, the information displayed
before the start of a block was changed and there were no
practice trials as such because of the use of an entire

block as practice.

2.5 'LED' Experiments

The electrical and optical properties of Light
Emitting Diodes (LEDs) have been described by Nygaard and
Frumkes (1982) who recommended them as being convenient
and inexpensive sources for visual experimentation. In
chapters 6,7 and 8 experiments are reported which used
LEDs as stimuli and in some cases as both the cue and the

target.

2.5.1 Apparatus

Some of these experiments were controlled by the IBM
1130 computer, the LEDs being driven by the transistor

register. Here the stimuli were mounted in a peg-board
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that was placed in front of the oscilloscope (see Figure
2.4). In this way the exact positions of the stimuli
could be altered easily. The screen of the oscilloscope
was covered by a piece of black card with a small hole (1
mm diameter) punched in the centre. The background
illumination of the oscilloscope was set at maximum thus
providing a bright yellow spot as the central fixation
point. A key-operated microswitch was connected to the

digital input.

Most of the LED experiments, however, were controlled
by a PDP 11/34 computer using a CED laboratory interface.
Timing of the experiments was controlled by interrupts
from the interface clock running in milliseconds, and a
key-operated microswitch generated interrupts using the
external event function of the interface. The LEDs were
driven by digital output and mounted in a black stand (see
Figure 2.5). A chin rest was placed so that the eyes were
directly in line and level with the central fixation point
at a viewing distance of 30 cms. The LED experiments were
all conducted in a very dimly-illuminated room, the only
light source being a shaded angle-poise lamp at the back
of the laboratory. In this way the rather crude method of
mounting the stimuli (shown in Figure 2.4) was not obvious
to the subject. In all important respects, the LED
exper iments controlled by the IBM and PDP computers were

identical.
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2.5.2 stimuli

The ILEDs were 3 mm diameter, thus subtending
approximately 0.6 degrees of visual angle depending upon
eccentricity. Red and occasionally green LEDs were used
as cues and targets while a yellow one driven by a 9 volt
battery acted as a central fixation point in the
experiments using the set-up shown in Figure 2.5. The
fixation point for the experiments controlled by the IBM

computer (see Figure 2.4) has already been described in

section 2.5.1.

2.5.3 Procedure

The LED experiments differed from those described
previously in that all the instructions had to be
delivered by the experimenter. This was because the
oscilloscope was either almost completely masked (Figure

2.4) or not used at all (Figure 2.5).

2.6 Medians

In most of the experiments to be reported the measure
of central tendency of reaction times is given by the
median. Because of the positively-skewed nature of
reaction time distributions (Ashby, 1982; Grice,
Nullmeyer and Spiker, 1982), the median 1is a more
appropriate description of the data than the mean.

(Chapter 8 includes examples and a discussion of reaction
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time distributions.)

2.7 Speed-Accuracy Trade-Off

Both speed and accuracy were stressed in the
instructions given to the subject. Following a practice
session the subject was provided with feedback on
performance so that an appropriate adjustment to the
speed-accuracy trade-off could be made in order to keep
the error rate low. (The actual rates for each experiment

are given in the text.)

2.8 Eye Movements

Most of the experiments required the subject to
fixate on a central point throughout a block of trials.
Reminders were given frequently and the initial
instructions stressed the importance of maintaining steady
fixation. Because of the technical difficulties involved
and the inconvenience to the subject, eye movements were
not monitored. All the subjects reported that they had no
difficulty in avoiding moving their eyes and the following
two comments from Posner's work provide further
justification for not directly monitoring eye movements:--

'After having found that movements of the eyes

of more than one degree occurred on less than 4%

of the trials (Posner, Nissen and Ogden, 1978)

and that these trials did not in any way change

the cost-benefit results of the study, we did

not maintain careful monitoring of eye position

in all subsequent studies, although we used the

same instructions and training to suppress

movements. When monitoring was instituted in
some of the later studies, results were not



substantially altered by the eye movements that
were detected.' Posner, Snyder and Davidson
(1980), pl62.

'In a luminance detection experiment, if
subjects are told they can move their eyes on
each individual trial if they wish, after a few
trials they give up doing so. They quickly
recognise that it is an effort to move their
eyes and that it does not help performance.'
Posner (1980), p9.

50



51

CHAPTER 3

Internally-Controlled Orxienting

3.1 Introduction

This chapter is concerned with some experiments which
were designed to replicate and extend the work of Posner,
Nissen and Ogden (1978), and Posner (1980) on voluntary
movements of spatial attention. It was shown in chapter 1
that the importance of Posner's work was the introduction

of a cost-benefit analysis and it is this approach that

provides the basis for the present experiments.

Posner et al (1978) used differences in reaction time
to targets at expected and unexpected locations in the
visual field as a measure of the effect on simple
detection of the alignment of attention towards an
expected target location. The subject was presented with
a cue at the beginning of a trial, which was a plus sign
or an arrow pointing to the left or to the right. The
plus sign indicated that a target was equally likely to
occur to the left or to the right of a central fixation
point (neutral condition). If an arrow was presented, the
target would appear in the indicated direction with a
probability of 0.8 (valid condition) but it could appear
on the other side with a probability of 0.2 (invalid
condition). The subject's task was to respond to the

onset of the target by pressing a single key. The
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comparison of neutral trials with valid and invalid ones
means that both the benefits from knowing where 1in the
visual field a target will appear and the costs when it
appears at a location other than the expected one can be
measured. Their results were interpreted as being the
direct result of selective visual attention of 1limited
capacity. Thus attending to one location requires the
commitment of attentional resources to that location and a

corresponding reduction of resources to other locations.

The following exper iments used this powerful
cost-benef it analysis to separate the benefits of knowing
the likely target location from the costs when the target
appears at an unexpected 1location. Experiment 3.1 was
designed to compare internally-controlled orienting in the
vertical and horizontal dimensions, Posner's studies being
confined to the horizontal only. Exper iment 3.2
considered the consequences of non-informative symbolic
cueing and the possible implications for further
experiments on internally-controlled orienting. Finally,
experiment 3.3 investigated the effects of the cueing
(symbolically) of a single peripheral location on the
detection of nearby targets in an attempt to define the

spatial specificity of attentional allocation.
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3.2 Experiment 3.1

The main aim of experiment 3.1 was to compare
internally-controlled covert orienting in the horizontal
and vertical dimensions. Heywood and Churcher (1980)
demonstrated that eye movement latencies to peripheral
targets (that is, externally-controlled overt orienting)
are equivalent in the two dimensions. However, reading is
an important and extensive human activity and a study by
Chang (1981) indicated that it involves horizontal covert
attentional movements. Therefore it might be expected
that internally-controlled covert orienting would be more
efficient in the horizontal than in the vertical
dimension. Experiment 3.1 was also conducted in order to
provide a partial replication of Posner, Nissen and Ogden
(1978) and to establish quantitatively the effect of
attending to a location in visual space for subjects and
stimulus conditions typical of those used throughout the

thesis.

3.2.1 Method
3.2.1.1 Subjects

Five subjects participated in three experimental
sessions on separate days although only the data from the
last two days were used in the analysis. Each session

lasted approximately 40 minutes.



54
3.2.1.2 Apparatus_and Stimuli

Most of the details are described in sections 2.3.1
and 2.3.2. The targets appeared 3.5 degrees to the left
and right (horizontal condition) oxr above and below
(vertical condition) the central fixation point. The
neutral cue for three of the five subjects was the simple
cross (see Figure 2.2). The cross within the diamond
formed the neutral cue for the remaining two subjects.
(The neutral cue was changed from the latter to the former
type because of computer-programming difficulties. There
was no reason to expect this to affect the results in any

significant way.)

3.2.1.3 Design and Procedure

The general procedure is described in section 2.3.3.
The first experimental session, which was regarded as
practice, was divided into five blocks of trials of the
horizontal condition followed by five of the vertical
condition. The order of conditions in the two
experimental sessions was approximately counterbalanced,
three of the five subjects starting with the horizontal
condition, and the remaining two with the vertical

condition.

A block consisted of three practice trials, followed
by 52 experimental trials. The blocks were presented in a

random order and differed only in the interval between the
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cue and the target, or ‘Stimulus Onset Asynchrony' (SOA),
which could be 0, 100, 250, 500, or 1000 msec. This
information was presented to thé subject at the beginning

of each block (e.g. ‘'DELAY=1000').

The timing of an individual trial 1is summarised in
Figure 3.1. At the start of a trial one of the three cues
for the particular condition under test appeared (for
example, left arrow, right arrow or cross for the
horizontal condition). This was followed after the SOA on
40 out of the 52 trials by the target, which disappeared
along with the cue when a simple detection response of a
single key press had been made by the subject. On a
‘catch' trial, no target was presented and the cue
remained on the screen for 3000 msec. An intertrial
interval (ITI), randomly chosen from the range 1500 to

3000 msec occurred before the onset of the next trial.

The distribution of trials in a block for the two
conditions is shown in Table 3.1. In each block there
were 20 neutral trials when the target occurred on one
side of the fixation point on 10 occasions, and 10 times
on the opposite side. There were 20 directionally-cued
trials, 10 pointing to one side and 10 to the other, the
direction of the cue being valid on 8 trials and invalid
on 2 for each direction. In addition there were 12 catch
trials when no target occurred, merely the cue, that is, 6
neutral cues and 3 of each directional cue. The subject

was required to withhold a response on these trials. The
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aim of including such trials was to prevent anticipatory
responses. The three practice trials at the beginning of
each block consisted of one of each of the cues for that

condition followed by the appropriate targets.

The coding of the trials is illustrated (for the
horizontal condition only) in Table 3.2 and the
instructions given to the subject are reproduced in
Appendix A. In addition the subject was informally
encouraged to make use of the cue to prepare to receive a

target from the expected location.

The error data that was printed out by the computer
consisted of the number of anticipations made for each
cue-type for each block. An anticipation was recorded
when the subject responded during the SOA, those trials
being deleted from the analysis. Also the number of false
positives, that 1is, responses to catch trials, was

recorded for each block.

3.2.2 Results and Discussion

For each subject the median reaction times were taken
for each type of trial for the five SOAs in both the
horizontal and vertical conditions. Figure 3.2 shows the
means of the median reaction times from the five subjects.
The anticipation rate\was less than 1% and the false
positive rate 1less than 8% for every subject. Table 3.3

shows the overall distribution of false positives as a
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percentage of the number of catch trials for each SOA

separately.

The most striking feature of the data in general is
the sharp decrease followed by the slight increase in
reaction time as SOA increases from 0 to 1000 msec for all
types of trial. This is the usual alerting effect which
has been described in the literature (for example, Posner
and Boies, 1971; Brebner and Welford, 1980; Niemi and
Ndatanen, 1981). The cue 1is not only providing the
subject with selective information regarding the probable
location of the target, but is also acting as a temporal
warning signal. When cues are used in simple reaction
time tasks, the subject seems to require a fixed minimum
time (SOA) to prepare adequately for the onset of the
target. As the SOA increases further, the subject becomes
less accurate at estimating SOA duration and so predicting
the moment of target onset (Rabbitt, 1981). The optimum

SOA in this particular experiment is 250 msec.

Costs and benefits (as compared to the neutral
condition) are found for all SOAs but tend to increase
from 0 to 500 msec. This is consistent with Posner's data
and he suggests that this result, combined with the false
positive data, shows that the process of preparing to
detect a target from a specified location is an active
one. Up to an SOA of 500 msec, the subject is developing
an expectancy and it is during this time that errors (in

the form of false positives) are 1likely to be made.
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However, the high rates at SOAs of 0 and 100 msec are
probably also due to a combination of the use of a
blocked-SOA procedure, and the presentation of the cue on
every trial. Posner, Nissen and Ogden's (1978) error rate
was much smaller for the zero SOA, the only procedural
difference being that in their studies no cue was
presented. In the present experiment the task at the
short SOAs becomes one of the discrimination between
responding if there are two stimuli on the screen (the cue
and the target), and withholding a response if there is
only one (that is, the cue). It is therefore surprising
that costs and benefits are found at all at these SOAs.

This will be returned to later.

The active nature of the attentional preparation is
also reflected in the observation that the costs and
benef its are nearly symmetrical. When a subject begins to
attend to a possible target 1location by the use of a
limited capacity conscious mechanism, there is both
facilitation of that pathway (reflected in the benefits)
but also inhibitory consequences (costs) for the

processing of other targets.

There does not appear to be any difference between
internally-controlled orienting in the vertical and
horizontal dimensions. Indeed, this and the previous
observations were confirmed by an analysis of variance
with subjects as a random effects factor and condition

(horizontal and vertical), SOA (0, 100, 250, 500 and 1000
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msec) and trial-type (invalid, neutral and valid) as fixed
effects factors. First, there was no overall difference
between reaction time in the horizontal and vertical
conditions ([F(1,4)=0.09, p>0.1]. Secondly, there were
highly significant effects of SOA [F(4,16)=18.00, p<0.001]
and trial-type [F(2,8)=21.47, p<0.001]. The only
significant interaction was that between SOA and

trial-type [F(8,32)=3.64, p<0.01].

A surprising feature of the results is that costs and
benefits are found for a zero SOA. Posner et al (1978)
presented no cue at all for this SOA and so were unable to
look at the effect of the simultaneous presentation of a
cue and a target. The use of a delayed target to trace
the time course of attentional processes is one of the
most important features of Posner's paradigm, and Shulman
(personal communication) has suggested that the zero SOA
data indicate that the SOA manipulation does not
completely time-lock movements of visual attention.
Remington (1978) explained a similar observation in his
own data as stemming from a lack of temporal resolution
with the reaction time measure. Thus, if attentional
movements and response processes overlap, reaction time
may be speeded so long as attention is at the target
location prior to the completion of the response. A more
simple explanation, however, is that the overall
conf iguration of the display affects the speed of
response. For example, a target appearing in the opposite

direction to the cue could produce a slow reaction time at
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least partly as a result of the incongruity of the

display. This possible consequence of the cueing

procedure was investigated in experiment 3.2.

To conclude, in addition to replicating the findings
of Posner et al (1978), experiment 3.1 has demonstrated
that internally-controlled covert orienting is as
efficient in the vertical as in the horizontal dimension.
Attending to a peripheral location in visual space (3.5
degrees from fixation) produces combined costs and
benefits of approximately 100 msec for SOAs of greater
than 500 msec. [From the work of Shulman, Remington and
McLean (1979) it can be assumed that the required
attentional movements are completed within 500 msec
following the onset of the cue.] The problem of the
combined costs and benefits of 50 msec for the zero SOA

was addressed by experiment 3.2.

3.3 Experiment 3.2

From the results of experiment 3.1 it was suggested
that the informative effect of the cue may have been
overestimated because of possible overall configurational
effects. In experiment 3.2 this was investigated by using
cues which had no spatial predictive value but were merely
temporal warning signals. In this way the effects of the

overall configuration of the display could be assessed.
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Logan and Zbrodoff (1979) demonstrated effects of

visual configuration in an experiment using a paradigm
first introduced by Stroop (1935). Their subjects
responded to a word (ABOVE or BELOW) that appeared above
or below a central fixation point. Response time was
longer for conflicting trials (for example, ABOVE/below)
than for compatible trials (BELOW/below). Logan (1980a)
noted that in order to respond appropriately, the subject
need attend only to one source of information, yet he 1is
clearly influenced by other sources. The conflicting
sources of information in the Stroop paradigm are the
different dimensions of the one stimulus. Experiment 3.2
used a cue-target paradigm to investigate whether or not
response time to a target could be influenced by
visually-conflicting information from a spatially-separate

cue used only as a temporal warning signal.

Experiment 3.2 was divided into three conditions (A,
B and (). Condition A considered the effect of a
non-informative symbolic cue (in the sense of providing
temporal but not spatial information regarding the target)
which was present in the visual display when the target
appeared. It was predicted from the results of the zero
SOA in experiment 3.1 that 'valid' trials (when the cue
and target were visually congruent) would be speeded
relative to ‘'invalid' ones as a result of the
compatibility of the overall visual configuration. If,
however, the cue was presented for a brief duration, which

was the case in condition B of experiment 3.2 so that the
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target appeared in an empty field, there should be no
effect on reaction time of the relationship between the
symbolic cue and the target location. The third condition
(C) also investigated the effect on target detection of a
cue which contained irrelevant spatial information and was
based on the experiment by Harvey (1980) (described in
section 1.6). Harvey's cues and targets were physically
identical so that the subject had to attend to the
temporal sequence of events in order to respond
appropriately. Choice reaction time was longer when the
target was the same as the brief visual cue than when the
cue and the target were different, indicating that the
subject was influenced by the non-informative spatial
aspect of the cue. Experiment 3.2C differed from that of
Harvey in three important respects. First, a simple
detection task was used. As Harvey employed a choice
reaction time procedure his effect could be attributed to
differential priming of response muscles, that |is,
response inhibition at a peripheral 1level. The second
change was the introduction of a variable intertrial
interval (ITI). By using a constant ITI of 2000 msec
Harvey may have underestimated the non-informative effects
because the salience of the cue as a temporal warning
signal may have been reduced if the subject was able to
predict the onset of the target without attending to the
cue. Thirdly, in order to control the retinal position of
the target, experiment 3.2C required the subject to fixate

on a central point throughout the experiment.
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3.3.1 Method

3.3.1.1 Subjects

Six subjects participated in three exper imental
sessions, each 1lasting 30 minutes. The three sessions

were run on separate days.

3.3.1.2 Apparatus and Stimuli

These are described in sections 2.3.1 and 2.3.2. Two
target locations were used, 3.5 degrees above and below
the central fixation point. In two of the experimental
conditions (A and B) the four arrows were used as cues.
In condition C the cue was a 'target' stimulus in one of
four target locations, 3.5 degrees above, below, to the

left and to the right of fixation.

3.3.1.3 Design and Procedure

Section 2.3.3 outlines the basic procedure.
Conditions B and C were run in the first two experimental
sessions, the order being counterbalanced across the six
subjects. The third session was condition A for all

subjects.

The timing of the trials is shown in Figure 3.3. In
condition A the cue remained on the screen until the
detection response to the target had been made (as in

experiment 3.1), whereas in conditions B and C the cue was
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on the screen for just 500 msec. 1In all cases the SOA was

1000 msec.

Each session was divided into six blocks of trials
although only the data from the last five were used in the
analysis. A block consisted of 52 +trials, plus four
additional practice trials at the start of a block (one of
each of the cues). The trials comprised 12 catch trials

(when no target occurred) and 40 normal trials.

The distribution of trials within a block 1is shown
for all three conditions in Table 3.4. In conditions A
and B the cue was a central arrow whereas in condition C
the cue was a ‘'target' presented for 500 msec in the
locations shown. The relationship between the nature of
the cue and the target location was non-informative since,
for example, an arrow pointing to the left (conditions A
and B) or a ‘'target' on the left (condition C) was equally
likely to be followed by a target above or below the
fixation point. The instructions given to the subjects
were based on those in Appendix A though the
non-informative spatial nature of the cue was stressed.
Subjects were told to use the central arrow in conditions
A and B, or the first brief 'target' in condition C merely
as a temporal warning signal, and that the target only
ever appeared above or below fixation, with equal

probability.
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The information presented on the screen was the same
at the beginning of each block, that is, 'DELAY=1000‘',
which was equivalent to an SOA of 1000 msec. Also there
was the usual reminder to the subject to 'Keep eyes on
fixation point throughout block'. Anticipations and false

positives were defined as in section 3.2.1.3.

The trials were coded according to the spatial
relationship between the cue and the target as shown in
Table 3.5. Condition C was coded in a similar way so that
a cue of a brief 'target' above fixation followed by a
target below fixation was labelled 'invalid' and so on.
As targets could only occur above or below fixation, the
left and right cues provide a neutral condition of a kind.
However it should be noted that the 'neutral' trials were
actually invalid in the sense that the target position was

'inconsistent' with the cue.

3.3.2 Results and Discussion

The overall means are shown in Figure 3.4. The total
error rate (that is anticipations and false positives) was
less than 2% for all six subjects and therefore was not
analysed further. Two separate analyses of variance were
carried out on the mean reaction times from the six
subjects. First, because condition A was run gafter
conditions B and C (see section 3.3.1.3 above), the data
from condition A were considered separately. The analysis

of variance with trial-type (invalid, neutral and valid)
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is similar to that of Goolkasian (1981) who found that
subjects process foveally-presented information while
attending to targets presented in the per iphery.
Incompatible distractor information is suppressed while
compatible information 1is wused to facilitate target

processing.

It can be seen from Figure 3.4 that when the symbolic
cue is presented briefly (condition B) and is therefore
not on the screen when the target appears, there 1is no
effect of the spatial relationship between the cue and the
target. The results of conditions A and B have obvious
implications for experiments on internally-controlled
orienting. If any reaction time differences in such
studies are to be attributed entirely to the informative
effects of the cue (that is, as a spatial and temporal
warning signal), then the cue presentation must be brief
so that the target appears in a blank field. Exper iment
3.3 used this procedure 1in order to ensure that the
results are due entirely to the effect of the allocation

of attention to a particular location in visual space.

The analysis of variance on conditions B and C
revealed a significant effect of trial-type and an
interaction between condition and trial-type. These
effects can be attributed to the results of condition C
which demonstrate that when the cue and the target occur
in the same location (valid trials), reaction time to the

target is substantially longer (for all six subjects) than
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if the cue and the target occur in different locations
(invalid and neutral trials). This replicates the
findings of Harvey (1980) despite the use of simple rather
than choice reaction time. Response inhibition at a
peripherai level was proposed in section 3.3 as a possible
explanation for Harvey's results, that 1is, the choice
response associated with the location of the cue must be
inhibited in order to prevent an error, which results in a
longer reaction time to a target sharing that motor
response. However, the results of experiment 3.2C using
simple reaction time suggest that motor response
inhibition can be discounted as an explanation. It will
be argued from the experiments presented in chapters 4 to
8 that the inhibition observed 1is a consequence of
externally-controlled covert orienting produced by a

non-informative direct cue.

3.4 Experiment 3.3

Experiment 3.1 demonstrated that if a subject is
asked to attend to a location in visual space other than
the point of fixation (internally-controlled covert
orienting), targets from that location are responded to
more quickly than those from unattended 1locations. A
searchlight metaphor has been used to describe such
movements of attention (for example, Cohen, 1981;
Broadbent, 1982) and the work of Shulman, Remington and
McLean (1979) suggests that the searchlight moves in a

continuous way over space and time. The question of the



78

width and focus of the searchlight's beam then arises.
From a s8eries of studies Eriksen and his colleagues
(Exriksen and Eriksen, 1974; Eriksen and Hoffman, 1972 and
1973) concluded that it 1is impossible to tune visual
attention 8o that performance is affected only by
information presented to a precise spatial location. They
measured reaction time to respond to a target letter which
was flanked by noise items and proposed that attention can
be focused on an area of the visual field with a radius of
1 degree such that performance is affected by information
falling inside but not outside this focus. However, their
conclusions were challenged by Merikle and Gorewich (1979)
who suggested that estimates of the width of the
searchlight depend upon the size of the noise material
used. The processing of peripheral noise items may be
more limited by visual acuity than by the ability to focus
attention upon a small area of the visual field.
Experiment 3.3 therefore used an adaptation of the simple
detection task of experiment 3.1 in order to plot out the
spatial extent of the attentional field following
instructions to attend to a specific peripheral 1location.
The method was also based on that used by Shulman et al
(1979) to trace attentional movements over time and space.
A cue was presented which indicated the most likely
location of the target. On most trials the target did
indeed appear at the expected location. However, on the
rare occasions when it appeared elsewhere, the movements
and consequences of the attentional allocation could be

measured by comparing reaction times to expected and
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unexpected targets as a function of SOA. Measuring the
attentional field across space and time ideally requires a
large number of both target locations and SOAs. However,
in order to avoid lengthy experimentation while ensuring a
reasonable number of trials of each experimental type,
experiment 3.3 was divided into two conditions (A and B).
Exper iment 3.3A presented targets at four possible
locations (all in the horizontal dimension) and at three
different SOAs, while experiment 3.3B used only one SOA

but eight target locations.

3.4.1 Method
3.4.1.1 Subjects

Three subjects from experiment3l participated in four
sessions on separate days. Each session lasted 30

minutes.

3.4.1.2 Apparatus and Stimuli

The apparatus is described in section 2.3.1. The
left and right arrows from section 2.3.2 were used as the

cues, and the target locations are shown in the lower part

of Pigure 3.5.
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3.4.1.3 Design_and Procedure

Because all three subjects had participated in
experiment 3.1 they were not given any practice sessions,
although they had the usual practice trials at the
beginning of each block of trials. Experiment 3.3A was
conducted during the first three sessions, and experiment
3.3B on the fourth session. The three sessions for
experiment 3.3A differed in the SOA (200, 500 or 1000
msec), the order of presentation being randomised.
Experiment 3.3B used only an SOA of 500 msec. The timing

of the normal trials is shown in Figure 3.5. Because of

the results of experiment 3.2 the cue was presented for
only 50 msec so that the target always appeared in a blank

field.

Each session consisted of five blocks of 52 trials,
each block including 12 catch trials, divided equally
between the two cues. At the beginning of a block there
were two practice trials, one of each cue. The
distribution of cues and targets for a block for the two
versions of the experiment is shown in Table 3.6. The
instructions given to the subject for experiment 3.3A are
reproduced in Appendix B. These were adapted slightly for
experiment 3.3B to include the extra possible target
locations. In summary, the subject was asked to use the
informative symbolic cue to prepare to receive a target
from the expected location. In both versions of

experiment 3.3 this was either location 2 or 3 of Figure
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3.5 for the left and right arrow as the cue respectively.
The subject was warned of the other possible target

locations but informed of the probabilities involved (see

Table 3.6).

3.4.2 Results _and Discussion

Experiment 3.3A. The number of errors made was very
small, false positives and anticipations occurring at
rates of less than 8% and 1% respectively. For each
subject the overall median reaction times for each SOA and
trial-type were taken; the means of the three subjects
are presented in Figure 3.6. 'Invalid' refers to trials
where the target occurred in the opposite direction to the
cue (for example, a target in location 3 following a left
arrow). The trials where targets occurred in the same
direction as the cue were divided into 'mear' and ‘far’
trials. For example, following a left arrow, these would
inélude trials when a target appeared in locations 2 and 1
respectively. Near trials correspond to valid trials in
experiment 3.1 because the target appeared in the cued
location. Far trials are invalid in the sense that the
target occurred in an unexpected location although the
target location was consistent with the direction of the

cue.

Figure 3.6 indicates that there 1is no difference
between far and near trials but both types are

considerably faster than invalid trials. This was the
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target is in the same visual hemifield as that indicated
by the cue. Posner, Snyder and Davidson (1980) concluded
that attention can be regarded as an internal eye or
spotlight. The results of experiment 3.3 suggest that the
spotlight can have a wide spatial range and is not
necessarily symmetrical about the most 1likely target
location. Broadbent (1982) suggested that while it is
useful to consider visual selectivity as the 'beam of a
searchlight, with the option of altering the focus', its
motion and width are ‘'dependent on the events already
detected'. (p271) In experiment 3.3 it is possible that the
subject may have been able to focus visual attention
sharply on the near expected target location as
instructed, but instead may have adopted a strategy of
allocating attention to a wider area of visual space to
include all possible target locations in the same
hemifield. In doing so, the probability of the target
occurring within the attentional field rather than
outside it would increase from 16/20 to 18/20 (experiment
3.3A) and from 16/20 to 19/20 (experiment 3.3B). The
subject may have decided upon the s8econd attentional
strategy following an analysis of the target probabilities
involved (given by the instructions - see Appendix B) and
before the exper iment began. Alternatively, the
attentional allocation may have been developed during the
course of the experiment as a consequence of the ‘'events
already detected'. However, a block-by-block analysis of
the data was not conducted because of the small numbers of

non-valid trials involved.
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It must be concluded that any estimate of the size of
the visual attentional field is dependent upon the nature
of the task. Estimates based upon modified Stroop tasks
are influenced by the size of the noise material (for
example, Merikle and Gorewich, 1979) and by the
attentional strategy 'actively chosen to suit the
prevailing conditions' (Lowe and Mitterer, 1982). The
actual target 1locations used in simple detection tasks
such as experiment 3.3 may 1lead to alterations of the
searchlight's beam possibly as a result of either a
subjective analysis of the target probabilities involved
or through experience of the task. Unlike the modified
Stroop tasks, there 1is no obvious incentive for the
subject to focus the beam on the single expected location
as instructed, if by simply widening the beam extra target

locations can be included.

3.5 General Conclusions

The experiments on internally-controlled covert
orienting presented in this chapter demonstrate that the
allocation of attention to a cued 1location speeds the
detection of targets from that region of visual space with
respect to other regions. Visual orienting is similar in
the horizontal and vertical dimensions (experiment 3.1),
the overall costs + benefits increasing from 50 to 100
msec for intervals between cue and target onsets of 0 to
1000 msec. However, the results of experiment 3.2 suggest

that the effects of symbolic cueing may be attributed
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partly to the procedure used whereby the cue 1is visible
when the target 1is presented, resulting in visual
congruity effects. These are small when the subject is
encouraged to ignore the non-informative spatial aspect of
the cue but may be larger when the subject is required to
attend to the spatially-informative symbolic cue. When
the cue is briefly presented so that the target appears in
an empty field, the costs + benefits are reduced to 50
msec for SOAs of 500 and 1000 msec (experiment 3.3)
suggesting that visual congruity may be a large component
in experiment 3.1, possibly accounting for the costs +
benefits of 50 msec for a zero SOA. ([The different visual
angles used in experiments 3.1 and 3.3 are not considered
important following the results of Posner (1978) which
demonstrated that costs and benefits are independent of
visual angle.] To conclude, internally-controlled covert
orienting can be considered as the movement and focusing
of the beam of an internal attentional searchlight such
that simple detection responses to targets falling inside
the beam are approximately 50 msec faster than those to

targets outside the beam.
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CHAPTER 4

Externally-Controlled Orienting

4.1 Introduction

Chapter 3 demonstrated the effect of
internally-controlled covert orienting on simple reaction
time to a peripheral target. However, visual attention
can not only be directed internally but it can also be
‘captured' by an external stimulus event in the visual
periphery (Jonides, 1981). The present chapter |is
concerned with some experiments on externally-controlled
orienting which were designed to replicate and extend the
findings of Posner and Cohen (1980). Their procedure was
described in section 1.6 and involved presenting a brief
visual stimulus in the periphery (- a direct cue) then
measuring its effect on the response to a subsequent
target. In experiment 3.2C, simple reaction time to a
target appear ing in the same 1location as a brief
non-informative direct cue was longer than to a target in
a different location. However, the interval between the
cue and the target had to be 1long (SOA = 1000 msec)
because of the procedure used whereby the cue and the
target could be physically identical. The advantage of
Posner and Cohen's technique is that much shorter SOAs can
be investigated. Experiments 4.1 and 4.2 were based on
their study, the subject's task being the simple detection

of targets following brief non-informative direct cueing.
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The effects on saccade latency and manual choice reaction

time were investigated by experiments 4.3 and 4.4.

4.2 Experiment 4.1

Experiment 4.1 was conducted for two main reasons.
First, it was considered necessary to attempt to replicate
Posner and Cohen's recent (and so far unpublished) study
in order to demonstrate the reliability of the effects.
The second aim of experiment 4.1 was to provide baseline
data particularly for comparison with the experiments on

externally-controlled orienting reported in this chapter

and in chapters 5, 6 and 8.

4.2.1 Method
4.2.1.1 Subjects

Fourteen subjects each took part in a single

exper imental session lasting 10 minutes.

4.2.1.2 Apparatus and Stimuli

The apparatus and stimuli are described in sections
2.4.1 and 2.4.2. For this particular experiment the IBM

computer was used.
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onset of the next trial was randomly chosen from the range
200 to 700 msec. There were no catch trials equivalent to
those used in experiments 3.1-3.3. However, trials when a
response was made before or during the first 100 msec of
the target presentation were recorded as anticipation

exrrors.

The 120 trials in a block were divided so that there
were 40 trials of each SOA (100, 300 and 500 msec). These
were further divided into 10 of each left-right/cue-target
combination. The order of presentation of trials within a
block was randomised. In this way, the cue was in fact
non-informative 8ince a cue on the left was as likely to
be followed by a target on the 1left as by one on the
right. The 1label ‘'valid' thus refers to a target
following a cue in the same location, while 'invalid'
refers to a target appearing in the opposite location to

the cue.

4.2.2 Results and Discussion

Subjects reported that they were unaware of the
cueing procedure although they did notice that the three
boxes, particularly the central one, tended to flicker
throughout the experiment. They also found that the
requirement to keep the eyes on the central fixation point
was a reasonable one. A pilot study had been carried out
using the author as the subject and eye movement recording

equipment that will be described in detail in sections
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4.4.1.2 and 4.4.1.3. This revealed that the eyes remained

fixated within the central box throughout the block of

trials.

Median reaction times from each subject were analysed
by an analysis of variance with block (first and second),
SOA (100, 300 and 500), and trial-type (invalid and valid)
as fixed effects factors. There was no overall difference
between the first and second block [F(1,13)=2.94, p>0.1]}]
and block did not interact with any other factor. The
means of the medians from the two blocks are presented in
Figure 4.2. The 1lower graph shows the reaction time
differences between invalid and valid trials, again as a

function of SOA. The overall anticipation rate was 3.9%.

There was the usual highly significant effect of SOA
[F(2,26)=23.01, p<0.0001], but not of trial-type
[F(1,13)=1.40, p>0.1]. The interaction between SOA and
trial-type was highly significant [F(2,26)=63.70,
p<0.00001] and replicates the findings of Posner and Cohen
(1980). So at an SOA of 100 msec there is what Posner has
referred to as facilitation such that valid trials are
responded to more rapidly than invalid trials. (This
effect was observed for 13 of the 14 subjects.) However,
at the longer SOAs valid trials are actually slower (again
true for 13 of the 14 subjects) demonstrating the second
effect, that of inhibition.






98

Posner, Cohen and Rafal (1981) concluded that a
direct cue in the periphery produces two opposed effects.
The first is the summoning of attention, which enhances
the efficiency of processing information from the cued
location. The second effect is that of a temporary
inhibition and occurs only when sensory information 1is
used to summon attention. They suggested that in order to
observe inhibition, attention must be summoned away from
the cued location at some time following the initial cue.
Posner and Cohen (1980) described two ways of ensuring
that attention returns to the centre. The first uses the
paradigm employed here, that is, the cueing of the central
box 100 msec after the offset of the cue in the periphery.
The second method involves altering the probabilities so
that targets are more likely to occur inside the central
box (p=0.6) than inside either of the peripheral boxes
(p=0.4). It might be supposed, however, that the only
necessary condition required to summon attention back to
the centre 1is that of equal probabilities of target
occurrences in the left and right boxes. Experiment 4.2

investigated this possibility.

4.3 Experiment 4.2

In order to increase the ecological validity of the
inhibitory effect, it is important to demonstrate
inhibition without using a central cue or the possibility
of central targets to summon attention back to the centre,

following brief stimulation in the periphery.
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4.3.1 Method

4.3.1.1 Subjects

Five subjects participated in one exper imental

session lasting 10 minutes.

4.3.1.2 ppparatus and Stimuli

The PDP computer was used to control the experiment.
All other details are as described in sections 2.4.1 and

2.4.2.

4.3.1.3 Design and Procedure

Each subject participated in three blocks of trials,
the first being a practice block. The timing of the
trials was as shown in Figure 4.1 except that the central
cue was omitted. Each block consisted of 96 trials.
These were divided equally between the three SOAs and
further divided into eight of each left-right/cue-target
combination. All other experimental details are described

in section 4.2.1.3.

4.3.2 Results and Discussion

The results from the two experimental blocks were
combined and overall median reaction times taken for each
subject. These were put into an analysis of variance with

SOA and trial-type as fixed effects factors. The means of
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the five subjects are shown in Figure 4.3. The overall

anticipation rate was 2.3%.

Again there was a significant effect of SOA
[F(2,8)=19.85, p<0.01]), no effect of trial-type
[F(1,4)=0.83, p>0.1], but a highly significant interaction
between the two [F(2,8)=19.18, p<0.0l1]. The results are
almost identical to those obtained from experiment 4.1.
It can therefore be concluded that central brightening is
not necessary in order to produce inhibition. This may
mean that if inhibition only occurs when attention has
been withdrawn from the cued location, then the
presentation of targets with equal probability either side
of fixation is sufficient to summon attention back to the
centre. Another possibility is that attention is then
directed towards the uncued side. This will be returned

to in later chapters.

From experiment 4.2 it can be concluded that, in the
absence of eye movements, inhibition occurs 300 msec after
a brief visual event in the periphery when the target is
equally likely to appear either side of fixation.
Inhibition is therefore not dependent upon the summoning
of attention away from the cued location by any means
other than by ensuring that the target has an equal
probability of appearing at the cued and uncued locations.
The procedure used in experiment 4.2 is probably closer to
normal viewing than that of experiment 4.1. The

inhibitory effect is therefore seen as a significant
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phenomenon requiring further investigation.

4.4 Experiment 4.3

The effects on simple reaction time to targets
following brief non-informative direct cueing are clear.
Initially, the cue speeds the detection of targets that
appear in the cued 1location within the next 100 msec.
However, responses to targets occurring more than 300 msec
after the brief cue are considerably slower than to those
in previously uncued locations. In an attempt to increase
further the generality of the effects observed, experiment
4.3 was concerned with a different type of response,
namely saccade 1latency rather than manual reaction time.
Instead of the requirement to fixate on the central point,
the subject was asked to look at the target as guickly as
possible following its presentation. Section 1.5 provided
a review of recent research relating overt and covert
orienting and it was concluded that the two are most
closely coupled in response to an important visual event
in the periphery. Therefore similar results to those of

experiments 4.1 and 4.2 were expected from experiment 4.3.

4.4.1 Method
4.4.1.1 Subjects

Six subjects each participated in one experimental

session of approximately 30 minutes.
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4.4.1.2 Apparatus and Stimuli

The experiment was controlled by the ALPHA
minicomputer as described in section 2.4.1. Subjects were
seated 50 cms from the oscilloscope screen, with their
eyes level with the centre of the screen. The head
position for four of the subjects was held by head and
chin rests. The remaining two subjects used a
securely-clamped bite-bar to prevent head movements. [The
latter two subjects had taken part in other eye movement
studies and so had personal bite-bars which they preferred
to  use. The head and chin rest system was however
considered adequate for an experiment where saccade

latency was the dependent measure rather than amplitude.]

Horizontal eye movements were recorded by a
bifurcated fibre optic device (Findlay, 1974). The system
is shown in Figure 4.4. Light from an infra-red source
was directed by means of a fibre optic probe mounted in a
spectacle frame and placed 1in an appropriate position
relative to the limbus. A representation of eye position
was obtained by the registration of the change in the
property of the reflected infra-red 1light as the eye
rotated. The system was linear over the central region of
six degrees and was accurate to within one degree. The
output was processed by the ALPHA minicomputer and a
digitalised record of the eye movement data was stored on

a magnetic floppy disc for subsequent analysis.
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The subject's right index finger was placed on a
button mounted in a response box which was connected to
the digital input. This was used to initiate each trial.

The stimuli were as described in section 2.4.2.

4.4.1.3 Design _and Procedure

The eye movement recording equipment was set up and
adjusted to produce strong signals for the visual angles
involved in the experiment. When the subject was
comfortable and ready to proceed, the button was pressed.
On its release, three calibration spots appeared one at a
time, at positions corresponding to the centre of the
three boxes of the display. Each spot remained on the
screen for one second and the subject was asked to look at
each one without blinking. This provided baseline data
for analysing the saccades. The three boxes then appeared
and when ready to begin, the subject pressed the button.
When it was released, a fixation point appeared inside the
central box to signal the beginning of a trial. At the
end of a block of trials, the three calibration spots
returned. A complete block lasted only three minutes.
Subjects participated 1in four blocks of experimental
trials. However, two of the subjects were given an
additional block at the beginning of the session as they

were not so familiar with the eye movement equipment.

The instructions to the subject were given

informally. The eye movement system was briefly explained



106

and it was emphasised that the subject was required to
keep his head as still as possible. He was told that each
block started after a button-release with the appearance
of calibration spots, which had to be followed with the
eyes. The subject was encouraged not to blink during the
calibration or during an experimental trial. The box
positions were described. The subject was informed that
each trial had to be initiated by a button-release. This
would produce a fixation point inside the central box,
which had to be fixated. This was followed by a target
which appeared inside either the left or the right box. A
saccade had to be made to this as quickly and as
accurately as possible. The subject was told that the
target would occur at different time intervals following
the start of a trial, but that he was not to anticipate
the target or to saccade to the cue. He was informed of
the fact that on each trial one of the peripheral boxes
would flash very briefly, followed by a similar flashing
of the central box. These events would not be informative
in terms of either target position or timing and so the
subject was encouraged to ignore them and concentrate on
saccading to the target. At the end of a trial, the
target and the fixation point disappeared and the subject
had to initiate the next trial by releasing the button.
It was explained that the calibration spots would be
presented again at the end of a block. The self-paced
nature of the experiment was stressed and so if the
subject required a rest or wished to blink, this could be

done before the initiation of the next trial. The
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experimenter was present throughout the session in order
to set up each block and monitor errors, which appeared on
a visual display unit. If more than three were made in a
block, the subject was informed and asked to reduce the

number of errors.

The timing of the trials was changed from that of
exper iment 4.1. Following the button-release which
initiated the trial, the fixation point was presented.
After 1000 msec the trial proceeded as shown in Figure 4.1
except that the target and fixation point disappeared 1000
msec after the onset of the peripheral cue. This gave the
subject a minimum of 500 msec in which to make the

appropriate saccade.

Each block consisted of 56 trials. The first eight
were practice trials and were taken at random from
approximately the middle of the 48 experimental trials.
The 48 trials were divided equally between the three SOAs
and further divided into four of each
left-right/cue-target combination. The order of
presentation was randomised for each block. The computer
clock was interrupted every 10 msec so that the saccade

latencies were measured to the nearest 10 msec.

A computer program was used to examine the saccade
records so that, for example, trials when a blink occurred
could be deleted from the analysis. In addition, errors

were recorded when a saccade occurred before or 100 msec
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after the target appeared, or to the wrong location.

4.4.2 Results and Discussion

Only four trials had to be deleted because of
blinking or technical problems. 36 errors were made out
of a total of 1152 trials, which is a rate of Jjust over

3%.

The medians across the four experimental blocks for
the twelve conditions for each subject were put into an
analysis of variance with target 1location (left and
right), SOA (100, 300 and 500 msec), and trial-type
(invalid and valid) as fixed effects factors. This
revealed that there was no significant effect of target
location [F(1l,5)=1.39, p>0.1])] and that it did not interact
with any other factors. Because of this, the means of
left and right targets for the six subjects are presented
in PFPigure 4.5. Again there was a highly significant
effect of SOA [F(2,10)=37.27, p<0.001] but also of
trial-type [F(1,5)=13.15, p<0.05]. The interaction
between SOA and trial-type was significant [F(2,10)=4.81,
p<0.05]. Thus the pattern for saccade latency is rather
different to that for simple reaction time. No
facilitatory component is present at an SOA of 100 msec
and there is increased inhibition at 300 msec. [More
inhibition was observed at 300 msec than at 500 msec for

four of the six subjects.)
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Experiments 4.1 and 4.3 differ in three fundamental
ways and it is possible that the different results could
be due to any one or all of these changes. The first is
the use of saccade 1latency rather than manual reaction
time, the second is the use of a choice rather than a
simple response, and the third 1is the altering of the
instructions given to the subject to include a description
of the cueing procedure. Experiment 4.4 was designed to
decide between these three by employing a choice manual

reaction time technique.

34 of the 36 errors were easily divided into saccades
to the cue and anticipations to the target. Thus 18
saccades were made to the cued box with latencies
consistent with a response to the cue (between 160 and 280
msec following the cue onset). 16 errors occurred between
410 and 530 msec after the onset of the peripheral cue and
were clearly anticipations of the occurrence of a target
at 500 msec. These were equally divided between saccades
in the direction of the cue and those in the opposite
direction. This suggests that although subjects are
quicker to saccade to an invalid target than to a valid
target at an SOA of 500 msec, they are not more likely to
anticipate in the invalid direction. Although the
absolute number of errors was small, this implies that the
inhibitory effect observed in this experiment is not due
to a change in the evidence required at the cued and
uncued locations before a response is made. The remaining

two errors had 1latencies of 350 msec and were possibly



111

anticipations to a target at 300 msec.

In general the saccades were surprisingly slow (see,
for example, Heywood and Churcher, 1980). Both the long
delays between trial initiation and target occurrence
(1100, 1300 and 1500 msec) and the unblocked SOA procedure
probably contributed to this. To assess the effect of the
blocking of SOA, one of the slower subjects participated
in two further blocks of trials with an SOA of 100 msec
only. This reduced saccade latencies from 330 and 320
msec to 240 and 230 msec for valid and invalid trials

respectively.

A possible explanation for the abnormally slow
saccades at the SOA of 100 msec, compared to the SOAs of
300 and 500 msec, is provided by the work of Ross and Ross
(1980; 1981). They found that a nonspecific visual event
occurring at the fovea 50-150 msec after the onset of a
peripheral target delayed the initiation of a saccade (but
not the manual response) to that target. In the present
experiment, targets occurring at an SOA of 100 msec were
in fact followed after 100 msec by such an event, that is,

the brightening of the central box.

From this experiment it can be concluded that the
effect of brief non-informative direct cueing on saccade
latency 1is generally one of inhibition. Possible
explanations for this will be discussed after experiment

4.4 has been described.
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4.5.1.2 Apparatus and Stimuli

These were as described for experiment 4.3 except
that the eye movement recording equipment was not used.
Four buttons on the response box were used to initiate

trials and to record responses.

4.5.1.3 Design and Procedure

The subject was seated in front of the oscilloscope
screen so that the two thumbs rested on the centre two
buttons and the forefingers on the outer two buttons of

the response box.

The experiment proceeded as described for experiment
4.3 in section 4.4.1.3 except that a manual choice
response was required to the target instead of a saccade.
The subject initiated a trial by pressing and releasing
the two buttons operated by the thumbs. (In fact only one
of these buttons actually started the trial, but the
subject was asked to press both in order to balance the
activity of the two hands before the choice response was

made. )

The fixation point appeared inside the central box
and the subject was required to look at this throughout
each trial. The timing of the individual trials was as
given in section 4.4.1.3 except that because choice

reaction times are longer than saccade latencies, the
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target remained on for 1400, 1200 and 1000 msec for SOAs

of 100, 300 and 500 msec respectively in order to allow
time for a response to be made. The subject was
instructed to press the button under the 1left forefinger
when a target occurred inside the 1left box, and the
corresponding right button for targets inside the right
box. The cueing procedure was described to the subject in
the same way as for experiment 4.3 (see section 4.4.1.3).
Each subject participated in two blocks of trials and
there were eight practice and 96 experimental trials in a
block. In this way there were half as many blocks but
twice as many trials in a block as for experiment 4.3.
The session was essentially paced by the subject so this
change was not important. Choice reaction time was

measured to the nearest 10 msec.

4.5.2 Results and Discussion

Only 12 errors (that is, incorrect responses and
responses made either before or less than 100 msec after
target occurrence) were made out of a total of 1152
trials, and so will not be discussed further. The medians
for each experimental condition for each subject were
analysed by an analysis of variance, with target location
(left and right), SOA (100, 300 and 500) and trial-type
(invalid and valid) as fixed effects factors. There was
no overall effect of target location (F(l1,5)=1.43, p>0.1],
nor was it involved in any significant interaction.

Therefore the means of left and right responses across the
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made were saccades in the direction of the cue, the lack
of facilitation possibly reflects the need to suppress the
relatively automatic eye movement response to the
peripheral cue which then delays saccades to subsequent
targets at the same location. The similarity between the
choice and simple manual reaction time results and the
fact that anticipations were rarely made in the choice
reaction time experiment support the view that the saccade
latency result is due to the similarity at some level in
the eye movement system between the effect of the cue and
the response required, rather than to the introduction of

the element of choice.
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CHAPTER 5

Divided Attention Studies

5.1 Introduction

Jonides (1981) suggested that a direct cue (a ‘'high
contrast, salient discontinuity 1in a non-foveal area of
the visual field') may automatically capture attention
much as it might automatically elicit an eye movement
outside the laboratory. Three experiments were reported
by Jonides to show that such stimuli have reflexive
control over attentional allocation. First, he
demonstrated that the attention-capturing properties of a
direct cue were unaffected by increased alternative
demands on processing capacity (an added memory load).
Secondly, the effects were resistant to suppression, that
is, they occurred even when the subject was instructed to
ignore the direct cue. Thirdly, per ipheral cues
maintained their attention-capturing properties even when
the subject did not expect them to occur. The effects of
direct cues were contrasted with those of symbolic cues
similar to those described in chapter 3. Symbolic cues
drew heavily on cognitive resources, they had little
effect when the subject ignored them, and their
effectiveness 1in causing attention shifts was directly
related to the subject’'s expectations about their
occurrence. These observations led Jonides to conclude

that externally-controlled covert orienting is automatic.
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The results of the experiments reported in chapter 4 seem
to support this view. For example, in experiment 4.1 the
subject was not informed of the cueing procedure and in
fact was told to ignore the flickering of the boxes as it
would not provide any information about either the timing
or the location of the next target (see Appendix C). In
Jonides' terms this indicates that the effects of the cue
are resistant to suppression and therefore automatic.
Facilitation was observed in experiment 4.1 even though
the target was equally likely to occur in the cued box as
in the uncued box. [Posner (personal communication) found
evidence of facilitation even when the target occurred at
the cued 1location on only one tenth of the trials.] In
addition, a pilot study was conducted in which the
proportion of trials with direct cues in the periphery was
reduced (from 100% to 75%), yet the amount of facilitation
at the SOA of 100 msec did not decrease. Hence the
attention-capturing property of a direct cue in the
periphery does not depend upon its validity as a predictor
of target location (unlike a symbolic cue - compare
experiments 3.1 and 3.2B), nor upon its probability of
occurrence. Both these observations suggest that

externally-controlled orienting is automatic.

Posner (1978) concluded that automatic processing

occurs without intention, without giving rise to conscious

awareness and without producing interference with other
mental activity (see section 1.2). The cost-benefit

analysis discussed in chapter 3 provides a means of
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assessing automaticity in relation to the third criterion.
For example, the symmetrical costs and benefits observed
in exper iment 3.1 were taken as evidence that
internally-controlled covert orienting involves the use of
the 1limited capacity attentional system. The evidence
presented so far suggests that externally-controlled
covert orienting meets the first two criteria for
automaticity. In order to investigate the third, a
neutral cue is required as the experiments presented in
chapter 4 involved comparisons between invalid and valid
trials only (equivalent to costs + benefits). There are,
however, problems involved 1in the selection of an

appropriate neutral or baseline condition (see, for

example, Posner and Snyder, 1975; Simon and Acosta,
1982). First, a neutral cue should have the same general
alerting property as a direct cue in the periphery. In

addition it should not itself result in orienting to a
peripheral location. The inclusion of such a cue would
enable a comparison to be made between reaction time to
targets following orienting to the periphery (produced by
a direct cue) and following no orienting, that Iis,
attention remains at fixation until the appearance of the
target. However, an analysis of possible neutral cues
reveals that it is difficult to satisfy both the
requirements outlined above. For example, the brightening
of the central box would not produce orienting away from
fixation but may be more alerting than the brightening of
a peripheral box by virtue of its foveal location. The

simultaneous cueing of both peripheral 1locations may
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similarly increase general alertness with respect to a
single peripheral cue. Also Posner and Cohen (1980)
argued that such a double cue results in reduced
externally-controlled orienting to both locations and
indeed double-cued trials were faster than invalid but
slower than valid trials for the SOA of 100 msec (see
section 1.6). The difficulty in equating the alerting
properties of events in different modalities rules out the
possibility of, for example, an auditory stimulus as a
neutral cue. It 1is therefore concluded that until a
suitable neutral cue can be found, the cost-benefit

analysis cannot be used to investigate whether or not

externally-controlled orienting is automatic.

The successful study of automaticity requires a
well-specified, theoretically-motivated set of criteria
that can be used to identify an automatic process (Jonides
and Irwin, 1981l). A number of investigators have tried to
establish tests of the adequacy of these criteria (for
example, Logan, 1978; Jonides, 1981; LaBerge, 1981;
Regan, 1981; Shiffrin, Dumais and Schneider, 1981;
Hirst, 1982). In an attempt to clarify recent issues
concerning automaticity, LaBerge (198l) examined two
properties of automatic processes; absence of capacity

limitation and unavoidability.
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The first property has been stressed by Posner (1978) who
noted that there

'is a long history of examining limited capacity

mechanisms through interference between tasks.

Two signals that occupy the same limited

capacity mechanism must be expected to interfere

with one another. ' (plb54)
Although there have been objections to the use of dual
task methodology to assess attentional demands (for
example, subjects may set up deliberate expectancies that
might affect the interference obtained), the experiments
in this chapter make use of the technique. Thus they are
related to the first of Jonides' (198l) criteria for
assessing automaticity, that of the minimal use of mental
capacity. The presence of mutual interference between
concurrent tasks 1is usually explained in terms of
limitations of either structure or capacity. Structural
intexference occurs when the interacting tasks require the
use of the same specific perceptual or motor mechanisms.
A capacity model explains interference in terms of
competition for 1limited capacity and 1is nonspecific,
depending only on the general attentional demands of both
tasks. Kahneman (1973) concluded that concepts of
capacity and of structure are both needed to account for
the patterns of interference from dual task studies. The
effects on externally-controlled orienting of three very
different secondary tasks were investigated by experiments
5.1, 5.2 and 5.3. This follows Kahneman's recommendation
that ‘'capacity interference is best measured by means of a

battery of subsidiary tasks, rather than by a single

task'(pl82) as ‘'the results of any single method must be
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interpreted with caution, because of the ever-present
possibility that the observed interference 1is due to
structural factors rather than to limitations of

capacity' (pl88).

5.2 Experiment 5.1

The secondary task used in experiment 5.1 was
dichotic monitoring and was similar to many of the
secondary tasks described in Table 4.2 (pl32) of Welford
(1968). In addition to the primary task (which was
identical to experiment 4.1) the subject was required to
listen to streams of digits presented to each ear and to
count the number of occurrences of a specific target.
This extra task did not involve overt responding and had
no obvious specific structural requirements in common with
the main visual detection task. If the effect of a direct
cue in the periphery is entirely automatic, the
facilitatory component deséribed in chapter 4 should not

be disrupted by this additional cognitive demand.

5.2.1 Method
5.2.1.1 Subjects

Ten subjects each participated in a single

exper imental session lasting approximately 30 minutes.
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5.2.1.2 Dichotic Monitoring Task

The digits 1-9 were spoken and recorded onto a
magnetic disc. The IBM computer was then used to digitise
the signals so that the digits lasted for the same 1length
of time and were approximately the same volume and
frequency. Segquences of these digits were generated by a
computer program and then recorded onto cassette tape.
They were presented to the subject via headphones. A
different digit was played to each ear at a rate of 1.4
per second. All the digits occurred equally often except
‘6' which had a probability of 0.04 and was used as the
target. Following a '6', there was a minimum interval of
10 pairs of digits and a maximum interval of 70 before the
next target occurrence. The instructions to the subject
were to count silently the number of occurrences of the
digit '6', separately for each ear. The subject was told
that targets were distributed in such as way that there
would be time to update the current total without the risk

of missing the next target.

5.2.1.3 Design and Procedure

The headphones were worn throughout the experimental
session. The experimenter was present during the entire
session in order to switch the cassette player on and off
as required. Each subject was given a practice block of
trials of the visual task only (described 1in section

4.2.1.3), followed by two minutes of practice of the
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dichotic monitoring task.

When the subject was ready to begin the experimental
trials, he pressed the single response key. This produced
the instructions for the block on the screen. For two of
the blocks these were 'COUNT=0' and a reminder to 'Keep
eyes on fixation point throughout block'. The subject was
informed that this rather curious instruction indicated
that only the visual task was required. The instructions
for the remaining two blocks were 'COUNT=999' and the
fixation reminder, which meant that the dichotic
monitoring task was to be carried out in addition to the
visual task. The order of the four blocks was randomised

for each subject.

The control blocks (visual task only) proceeded as
described for experiment 4.1 in section 4.2.1.3. For the
dual task blocks, the subject was instructed to treat the
visual task as the primary one. Before a dual task block,
the experimenter gave a warning signal and then switched
on the tape so that the subject began the dichotic
monitoring task before starting the visual task. At the
end of the block, the experimenter switched off the tape
and asked the subject to report the total number of
occurrences of the digit '6', separately for each ear.
Approximately five targets occurred to each ear during a

block. Immediate feedback on performance in the dichotic

monitoring task was given.
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5.2.2 Results and Discussion

The dichotic monitoring task was performed almost
perfectly by all subjects. The anticipation rates for the
visual task were 3.8% when performed alone (‘undivided
attention') and 2.8% when performed with the additional

task ('divided attention').

The means of the medians from the two blocks of the
visual task for each condition were analysed by an
analysis of variance with attention (divided and
undivided), SOA (100, 300 and 500 msec) and trial-type
(invalid and valid) as fixed effects factors. These means

from the 10 subjects are presented in Figure 5.1.

There were overall effects of attention
[F(1,9)=13.62, p<0.0l1], and SOA [F(2,18)=27.59, p<0.0001],
but not of trial-type ([F(1,9)=1.79, p>0.1]. The only
significant interactions were those between attention and
soA ([F(2,18)=4.89, p<0.05), and SOA and trial-type
[F(2,18)=10.33, p<0.01]. These are all clearly seen in
Figure 5.1. The absence of a significant three-way
interaction 1is 1illustrated by the similarity of the two

reaction time difference functions in the derived graph.

The addition of the extra task significantly
increased overall reaction time by about 50 msec, the
effect decreasing with longer SOAs. At least part of the

increase could be attributed to a change in the
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speed-accuracy trade-off. The difference between the
error rates of 3.8% and 2.8% approached significance using
a two-tailed t-test [t=1.84, df=9, p<0.1l), so subjects
were perhaps performing the visual task more cautiously
under divided attention conditions. However, it is
unlikely that such a small difference in error rate could
account for the substantial reaction time difference.
Although the addition of the dichotic monitoring task
interfered with the primary visual task to the extent that
overall reaction time was increased, the pattern of
facilitation and inhibition produced by direct cueing
remained unchanged. This result provides further evidence
that externally-controlled orienting occurs automatically
in response to a peripheral event. However, subjects
reported that the dichotic monitoring task was very easy
(confirmed by their almost error-free performance) and

required only 'passive' listening.

5.3 Experiment 5.2

The failure to disrupt the effects of a direct cue in
the periphery by the addition of a reasonably easy
secondary task led to the search for a more
cognitively-demanding one. Many dual task studies have
used counting backwards as a secondary task. For example,
Keele (1967) varied the counting decrement and noted that
'as predicted by a capacity model, the quality of
performance on each task decreased regularly with the

difficulty of the other'. Hockey and Posner (1980) asked
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subjects to count backwards in threes (aloud) while
carrying out a visual detection task very similar to that
of Posner and Cohen (1980). They argued that the addition
of such a secondary task would provide a 'sensitive test
of the degree of automaticity' of externally-controlled
orienting. Their prediction was that divided attention
would interfere more with facilitation (being due to
orienting) than it would with inhibition (being due to
sensory information - see Posner and Cohen, 1980).
Overall, their results showed little evidence of either
facilitation or inhibition in the divided attention
condition. However, it is difficult to draw any firm
conclusions from their data as the pattern from the first
exper imental session was different to that from the second
(- the two sessions being separated by a day). On the
second day there was some evidence of facilitation at 300
msec suggesting that the extra cognitive requirement
delayed orienting by 200 msec. As mentioned above, their
visual task was based on that of Posner and Cohen (1980)
and was therefore similar to experiment 4.1. However,
each trial began with the brightening of one of the
peripheral boxes for 150 rather than 100 msec so that the
early target (at the SOA of 100 msec) occurred while the
cue was still present. Because of this, the overall
results of Hockey and Posnet‘are difficult to interpret as
their valid trials at the SOA of 100 msec may have
received an additional benefit from the extra sensory
stimulation at the target location. Experiment 5.2 was

designed to investigate further the effect on
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externally-controlled orienting of the secondary task of
counting backwards in threes. Like experiment 5.1 the
primary task was identical to experiment 4.1 so that the

target never occurred while a cue was present.

5.3.1 Method
5.3.1.1 Subjects

Seven subjects participated in a single session of 30

minutes.

5.3.1.2 Apparatus and Stimuli

Details of the apparatus and stimuli are as given for

experiment 4.1 in section 4.2.1.2.

5.3.1.3 Design and Procedure

Section 5.2.1.3 provides most of the procedural
details. An undivided attention block was again signalled
to the subject by the instructions 'COUNT=0"'. However,
when the number was not zero the subject was required to
count backwards in threes (aloud) as fast as possible for
the duration of the next block, starting at the
three-digit number supplied by the instructions (for
example, ‘'COUNT=512'). Each subject participated in a
practice block, followed by two undivided attention blocks
(visual task only) and two divided attention blocks

(visual and counting tasks). The order of the four
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experimental blocks was randomised for each subject.
Again the visual task was regarded as the primary task and
subjects were asked to try to avoid synchronising their
manual and vocal responses. The experimenter was in an
adjoining room throughout the session in order to monitor

the subject's performance on the counting task.

5.3.2 Results and Discussgion

All seven subjects were able to carry out the
counting task with reasonable accuracy and fluency. The
error rates for the visual task were 2.0% and 2.3% for the

undivided and divided attention conditions respectively.

The means of the medians from the two blocks for each
condition are shown in Figure 5.2. They were also put
into an analysis of variance with attention (undivided and
divided), SOA (100, 300 and 500 msec), and trial-type
(invalid and valid) as fixed effects factors. Again there
were overall effects of attention [F(1l,6)=49.68, p<0.001],
and SOA [F(2,12)=144.87, p<0.0001]), but not of trial-type
[F(1,6)=0.11, p>0.1]. There were significant interactions
between attention and SOA ([F(2,12)=9.27, p<0.01), and
between attention, SOA and trial-type ([FP(2,12)=7.11,
p<0.01). The three-way interaction can be seen in the

lower graph.

First it should be noted that the results of the

undivided attention condition are different to those of
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experiments 4.1 and 5.1. Reaction time 1is increased by
approximately 50 msec and the lower graph of Figure 5.2
reveals less facilitation and more inhibition than in the
previous experiments. It is unclear why the inclusion of
the counting backwards task in half of the experimental
blocks should increase reaction time in the remaining
visual-task-only blocks. It must be concluded that the
seven subjects who took part in the present experiment
were generally slower than normal. This is supported by
further analysis of the data from experiment 4.1. The
following three correlations approached significance :
first, between the amount of facilitation and overall
reaction time at the SOA of 100 msec [r=-0.49, df=12,
0.05¢(p<0.1), s8secondly, between the amount of inhibition
and overall reaction time at the SOA of 500 msec [r=0.49,
df=12, 0.05¢(p<0.1} and finally, between the overall
invalid-valid difference and reaction time [r=-0.47,
df=12, 0.05¢(p<0.1]. To summarise these findings, the
general pattern for slow subjects tends to be one of
inhibition, while facilitation characterises the results
of fast subjects. As can be seen from the lower graph of
Figure 5.2, the results for the undivided attention
condition are in agreement with this conclusion. (The
correlations presented above will be discussed further in

chapter 8.)

In agreement with the results of Hockey and Posner
(1980), the secondary task of counting backwards in threes

increased overall reaction time on the primary visual task
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by 160 msec. It can also be seen from Figure 5.2 that the
pattern of facilitation and inhibition is similar to that
found in the second session of their study, that is,
facilitation at the SOA of 300 rather than 100 msec. (Of
the s8even subjects, s8ix showed most facilitation at 300
msec.) A further study was carried out by a group of
undergraduate students, also using counting backwards in
threes as the secondary task, the primary task again being
similar to experiment 4.1. However, many more subjects
took part (18 rather than 7) and twice as many trials were
given to each subject in both the divided and undivided
attention conditions. The results are shown in Figure
5.3. The overall difference between the divided and
undivided attention conditions was 150 msec which is very
similar to the difference of 160 msec observed in
experiment 5.2 and in Hockey and Posner's study. If the
results of the undivided attention condition alone are
considered, it can be seen that they are very similar to
those of experiments 4.1 and 5.1, again suggesting that
the seven subjects who participated in the original
version of experiment 5.2 (see Figure 5.2) were unusually
slow. A comparison of the results from the divided and
undivided attention conditions reveals that doubling the
number of trials did not affect the overall reaction time
difference but did alter the pattern of facilitation and
inhibition as seen in the 1lower graph of Figure 5.3.
Facilitation at the SOA of 100 msec was increased and
inhibition at 500 msec reduced in the divided attention

condition with respect to the wundivided attention
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lengths of 1, 5 and 30 respectively.

For each cue run length, the means of the medians
from the two blocks for each subject were put into a
separate analysis of variance with SOA and trial-type as
fixed effects factors. The overall means are presented in
Figure 6.1 for the three conditions in addition to the
data from experiment 4.1 where the cue order was
randomised (included for comparison). It appears that
facilitation does indeed decrease with increasing cue run
length. However, the separate analyses of variance were
very similar. There were significant effects of SOA [all
three F ratios being greater than 1 with p<0.0005]}, but
not of trial-type ([p>0.05], and all three interactions
between SOA and trial-type were significant [p<0.01]. To
confirm that the pattern of facilitation and inhibition
did not change as a function of cue run length, a further
analysis of variance was carried out with cue run length
as a between-subjects factor and with repeated measures on
the within-subjects factors of SOA and trial-type. This
revealed that there was no overall effect of cue run
length [F(2,25)=0.83, p>0.1], or of trial-type
[F(1,125)=3.61, p>0.05], but a highly significant effect
of SOA [F(2,125)=84.06, p<0.0001). The crucial overall
three-way interaction between cue run 1length, SOA and
trial-type failed to reach significance [F(4,125)=1.58,
p>0.1], the only significant interaction being that

between SOA and trial-type [F(2,125)=37.22, p<0.0001}.
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p<0.005), and SOA ([F(2,14)=15.54, p<0.0005]}, but not of
trial-type [F(1,7)=2.31, p>0.1]. The only significant
interaction was that between SOA and trial-type
[F(2,14)=10.04, p<0.005], although the interaction between
target location and SOoAa approached significance
(F(2,14)=3.01, p<0.1). Similarly for the cue run 1length
of 30 there were significant effects of target location
[F(1,7)=11.92, p<0.05], and SOA ([F(2,14)=12.51, p<0.005],
but not of trial-type ([F(1,7)=0.14, p>0.1]. Both the
interactions between SOA and trial-type [F(2,14)=9.56,
p<0.005)] and between target location, SOA and trial-type

[F(2,14)=4.41, p<(0.05] were significant.

The overall effects of target 1location on reaction
time (37 and 27 msec for cue run lengths of 5 and 30
respectively) confirm the suggestion that orienting to the
target on the previous trial results in inhibition to
respond to the next target if it appears in the same
location. In a cue-target paradigm the subject is
required to avoid responding to the cue but to make a
speeded detection response to the target. Harvey (1980)
argued that the inhibitory effect can be attributed to
response inhibition to the cue which is still present when
the target appears (see section 1.6). However, as

inhibition can be caused by an event that required a

response (that is, a target), Harvey's explanation in
terms of response inhibition which relies on the
cue-target distinction 1is therefore inadequate. The

average delay between one target and the next was 750
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6.3 Experiment. 6.2

It has been demonstrated that orienting to a target
in the periphery results in subsequent inhibition, which
lasts some time. Experiment 6.2 was designed to
investigate the time course of the inhibitory effect using
a different procedure. Instead of a cue-target paradigm,
the subject was required to respond to single target
events which occurred at various intervals and distances
from the previous one. In this way, by recording reaction
time to a target as a function of the location and the
timing of the last target, inhibition, if observed, would
be due to orienting to the last target rather than to a
cue. Again, if inhibition occurs using this target-target
procedure rather than the cue-target procedure employed so
far, Harvey's (1980) response inhibition explanation must

be discounted.

6.3.1 Method
6.3.1.1 Subjects

Six subjects participated in a single experimental
session lasting approximately 10 minutes. They were all

familiar with simple reaction time experiments.
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