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ABSTRACT

Two experiments are described that investigate
alternative models to account for shifts of aten-
tion'to parts of the visual iield without changes in
fixation. Such shifts are diagnosed by a cost-
benefit analysis of reaction times and errorsin a
forced-choice visual search task. The results can-
not be accounted for by models that postulate
sequential examiination of array items. Rather,
search through an arrav is better viewed as a
process in which the items are examined simul-
taneously. A shift of attention, according 1o this
view, is characterized as a modification in the
processing resources that are allocated to the
examination of each array iten.

In 1894, Helmholwz described a series of
experiments intended to examine shifts of
attention in the visual field:

1 refer now to the experiments with a momen-
tarv illuminaton of a previously comnpletely dark-
ened field on which was spread a page with
large printed leuers. Prior to an electrical dis-
charge {of light] the observer saw nothing bui a
slightly ilununated pinhole in the paper. He
fixed his gaze nigidlv upon 1, and it served foran
appropriate orientation of directions mn the dark
field. The electrical discharge illuminated the
printed page for an indivisible instant during
which its intage became visible and remained for
a very short while as a positive afier-image.
Thus, the duration of the perceptibility of the
picture was lumited to the duration of the after-
image. Eye movements of a measurable magni-

tude conld not be executed withim the dinanon
of the spark, and movements during the brict
duraton ot the after-image could no longe
change its position on the retina, Regardless of
this, 1 found it possible 10 decide in advance
which part of the dark ficld surrounding the
conunuously hxated pin-hole of hight 1 wanted
to perceive, and then actually recognized upon
the electrical illumination single groups of let-
ters in the region of the field ... the letters of by
far the largest part of the field were not per-
ceived, not even in the vicinity of the fixation
point. With a subsequent electric discharge 1
could direct my perception to another section of
the field, while always fixating on the pinhole,
and then read a group of letters there (from
Warren and Warren, 1968).

Helmholtz's observations led hin to con-
clude that one can shift one’s attention w0
various locations in the visual field without
shifting one’s eyes. Indeed, these observa-
tions have been confirmed by recent experi-
ments. In these experiments, subjects are
induced to shift their attention, but not
their fixation, to specific loci in the visual
field. Although several techniques have
been used to induce attention shifts,
perhaps the most successful method is
modelled after the procedure developed by
Sperling (1g60) and Averbach and Coriell
(1961) to study iconic storage. The proce-
dureinvolves presenting a spatial cue either
shortly before presenting a target display or
simultaneously with it. Subjects are in-
structed to attend to the cued location and
their performance in detecting or identify-
ing a sumulus at this location is assessed.
This performance can then be compared
with that when no spatial cue is provided.
Several experiments that have employed
this design have demonstrated a {acilitation
in target identification with a spatial cue, in
some cases even when the cue was pre-
sented simultaneously with the target arrav
(e.g., Eriksen & Hoffman, 1974; Holm-
gren, 1974; Van der Heijden & Eerland,

1973).
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Posner. Nassen, and Ogden (1g7%) have
extended  this tedhgue 100 mdade
meastrement of both processing facilua-
tion and inlibinon. They provided subjects
with a visual cue belfore the onset of the
toget display tat varied 1 ns probabiliny
of correctly cueing the target’s location. In
one expertment they measured simple reac-
ton time 1o a square of hght thar could
appear 1o the left or right of a hxation
mark. The cue. an arrow located at fixation
and pointing 1o the left or nght, correctly
signalled the target’s location on 8o per cent
of the 1nals. On these tnals, reaction time
was faster than on tnals in which only a
neutral cue appeared (also placed in the
centre of the display, but not locationally
informative). Furthermore, reaction time
for the 2o per cent of trials in which the
arrow pomted in the wrong direction was
longer than reaction ume m the neutral
condinon. Thus. Posner et al. (1g78) dem-
onstrated both a benefit in processing for
a valid cue.and a cost in processing for an
mvahd cue. These effects, moreover, could
not be aurbuted to eve movements since
eve position was monitored in this experi-
ment, and rials on which subjects refixated
the display were excluded trom analysis.

Evidently, as Hehnholiz supposed, sub-
jects can improve thewr detection or discri-
mmation  performance for sumul
appear at a non-foveal location without
actually shifting their gaze 10 this location.
How is this accomplished:

Assume that subjects generally allocawe
their processing resourcesinancarly optinal
fashion when viewing a visual display (as
suggested by Shaw & Shaw, 1977). The fac
that performance can be improved by
attending 1o a cued location suggests that
the 1ota) resources available jor processing
a mulu-item visual : rray are not sufficient
1o pernit optimal processing of cach arvay
em. That s, 1f there were sufficient re-
sources to go around, then providing in-
formaton in advance about the locauon of
an impending target should produce no
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beneht m processing that togei. We can
vew nforntion about tuget position,
then, as intormation about where proces-
sing resources should be selecuivelv allo-
cated. In order 1o characterize the mechan-
1sm mediating performance  chae. zes n
these experiments, we must analyse the way
in which resources are allocated to the pro-
cessing of various items in the displav.

Helmholtz's observatnons suggest that a
mechanism based on an all-or-none princi-
ple of resource allocation best characterizes
the attention-shifuing process. According to
this view, resources can be assigned to only
one display location at a ime, with the con-
sequence that an array item at only that
position will be processed. 1f an array re-
quires further examination (as it might if
the experiment employed the Posner et al,,
1978, procedure), then resources would be
reallocated to alternative display positions
one at a ime. Thus, according to this mod-
el, array items would be processed in a se-
quental manner as attention was devoted
to alternative display positions in turn.

This account of attention shifts is certain-
ly qualitatively consistent with the currently
available dawa. For example, it accounts
nicely for the faster detection of atarget at a
correctly cued location than for a target at a
non-cued location. And it also explains the
slower detection of an incorrectly cued
target as compared with detection when no
locationally informative cue 1s provided.
Furthermore, this model is also consistent
with the experiment reported by Shaw
(Note 1) m1 which subjects’ response time 10
discriminate a target was an inverse func-
tion of the probability of target occurrence
at various locations. According to a sequen-
tial allocation model, in this context subjects
would allocate resources to potential target
locations in the order of their likelihood of
comaining a target.

These qualitative accounts of the data
notwithstanding, there is reason to suspect
that the all-or-none model is not the best
view of attention allocation. First, Eriksen
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and his associates have found that increases
in the number of items contaimed within a
visual display slow down target processing,
cven if ahie target region s cued well in
advance of the display presentanon (knik-
sen & Hoffman, 1972, 1974: Colegate,
Hoftman, & Eriksen, 197%; Eriksen &
Rohrbaugh, 1970). Furthermore, although
much of the interference in processing is
apparently caused by items that immediate-
ly flank the target, non-adjacent display
items seem to have a disruptive eftect as
well. These results and others prompted
Eriksen and Hoffman (1973) to propose a
mechanism in which all non-attended array
items receive some fairly gross processing,
while items within the region of concen-
trated attention are processed to the point
of recognition. Such a model assumes, con-
trary to the all-or-none position, that re-
source allocation can be graded.

Another uncomfortable aspect of the all-
or-none allocation model is that n contra-
dicts much of the available research con-
cerning visual search processes. There are
by now many experiments that suggest
that resources can be applied to several
display locations simultaneously. result-
ing in parallel processing of a visual array
(e.g., Donderi & Zelnicker, 196y: Egeth,
Jonides, & Wall, 1972). Insofar as the all-or-
none model predicts sequential examina-
tion of array items, it contradicts the results
of these experiments.

Thus, the available evidence is in conflict
concerning an all-or-none resource alloca-
tion model of attention shifts. On the one
hand, the model is qualitatively consistent
with the results of experiments concerned
with shifts of attention. On the other hand,
it contradicts recent evidence concerning
processing in visual search tasks. Experi-
ment 1 provides further evidence concern-
ing this model by testing certain quantita-
tive predictions that it makes about the
magnitudes of costs and benehts in an
attention shifting task similar to that of Pos-
ner et al. (1978). In order to test these quan-
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titative predictions, we rephicated the basic
cost-benehit effect using a torced-choice dis-
crimination task.

EXPERIMENT |

METHOD
General Design

The experiment was designed to measure the
magnitudes of cost and benefit effects within the
context of a task requiring search through mult-
ple-item arrays. As such, it combined the ex-
perimental paradigm of Posner et al. (1978) with
the kinds of stimulus arrays used by Eriksen and
his associates.

The experimenial task required subjects 10
examine briefly presenied eight-letier arrays
and to judge which of the two uppercase letters L
or R was present in each array. All arrays con-
tained one and only one of these target letters
located randomly at one of eight possible display
positions.

There were three types of trials interleaved in
random order. On ‘vahid cue’ trials (35 per cent
of the towl) subjects were presented with an
arrowhead shortly before presentation of the
letier display that pointed to the target’s loca-
tion. On ‘invalid cue’ trials (15 per cent of the
total) subjects were also presented with an
arrowhead before the letter display, but it
pointed o a location containing a non-larget
item. Finally on ‘neutral cue’ trials (50 per cent of
the total), a diamond-shaped cue that was loca-
tionally uninformative appeared before the let-
ter display.

Subjects

Twelve undergraduates were paid for participa-
tion in a one-hour session. All subjects had nor-
mal or corrected-to-normal vision.

Apparatus and Stimuli

Stimuh were presented on a graphic display de-
vice (equipped with a high-speed P4 phosphor)
which was driven by a digital computer. Subjects
viewed the display at a distance of approximately
60 cm while they sat in a darkened room.

The stimulus arravs consisted of eight letters
evenly spaced around the circumference of an
imaginery circle of 7.5° diameter. Each letter was
1.2° in height, and .8° in width. Each suimulus
array was constructed by first locating an upper-
case L or an uppercase R at one of the eight array
positions, and then randomly selecting upper-
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case detters from the remainder of the alphabet
without replacement to fill the seven remaning
display posinons. On the neutval cue wials, cach
stimulus arrav was preceded by an outline di-
ammond (.8° in height. .6° 1in width) located in the
centre of the region where the upcoming letters
would appear. On the valid and mnvalid cue
tials, the suimulus arrays were preceded by an
outhine arrowhead (.87 in length) that pointed 1o
one of the 8 arrav locations. The arrowhead was
positioned in the display such that its ip was .7°
from the dlosest portion of the leuter to which it
pointed. The arrowhead pointed from the cen-
tre to a display position.

Each experimental session consisted of three
blocks of 160 trials each. In each block of trials,
there were 8o neutral cue trials, 56 valid cue
trials, and 24 invalid cue trials arranged in ran-
dom order. For the valid trials, the arrowhead
correctly pointed to the target seven times for
each of the eight display positions. For the in-
valid cue trials, a target appeared at each of the
eight positions three times, while the cue pointed
to one of the non-target positions. The location
signalled by the cue on these invalid trials was
chosen such that, over all invalid trials, each
location was signalled approximately an equal
number of times. The two targets (L or R) were
used equally often per block of trials.

Each of the three blocks of trials was preceded
by a block of 40 practice trials constructed
according to the saine principles outlined above.
Data from these practice trials, and from the first
block of 160 test trials, were not included in the
analyses presented below.

Procedure

Subjects were first instructed about the details of
the experiment, including the identiues of the
targets, the nature of the conditions. the vahdity
of the locational cue, and other aspects of the
general procedure. They were cautioned to re-
spond as accurately as possible. but within that
limitation, as quickly as possible. Finally, they
were told the procedure for each trial of the
experiment: At the beginning of a block, they
were told to initiate the first trial by depressing a
response key on the right side of a panel on
which thev rested their hands. This resulted ina
fixation dot appearing in the centre of the dis-
play screen; the dot remiined in view for 1.5 sec.
After it disappeared, .5 ec elupsed, and then a
cue appeared. The cue was either the diamond
on neutral trials, or the arrowhead on valid and
wvalid cue trials. In either case, the cue re-
mained 1n view for 23 msec, after which the
screen went blank for o msec. Following this
interval, the letter display was presented tor
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25 msec. Subjects were then required 1o press a
lefi or a right response key (with appropriate
index fingers) according to whetheran Loran R
respectively had been presented as part ol the
display. This response then triggered the 1.5 sec
presentation of the fixation dot 1} preceded
the next trial. Each block of 160 trials was inter-
rupted in the middle to provide subjects an
opportunity to rest if they desired. In addition,
rest periods were provided between blocks of
trials.

Two precautions were exercised to prevent
subjects from refixating the display during the
valid and invalid cue trials. First, subjects were
verbally exhorted to fixate the centre of the dis-
play on all trials, even if an arrow cue appeared.
They were told to use the arrow cue to guide the
locus of their attention, but they were also told not
to shift fixation. The second precaution that was
taken to prevent changes in fixation was to use a
total duration of cue plus blank interval plus
display of only 100 msec. Previous research us-
ing a paradigm of the sort used in the present
experim=nt has demonstrated that the average
latency of a saccade once a cue has been pre-
sented is 220 msec (Colegate, Hoffman, & Erik-
sen, 1g73). Given this, it 1s reasonable to assume
that the use of a 100 msec total stimulus duration
in the present experiment should have rendered
non-functional even the very fastest of saccades
under these circumstances.

RESULTS
Overall RT and Error Effects

The mean reaction times (with standard de-
viations calculated across subjects pre-
sented in parentheses) for the valid cue
trials, the invalid cue trials, and the neutral
cue trials were 546 msec (77.0), 874 msec
(206.5), and 704 msec (151.6) respectively.
The corresponding mean error rates and
their standard deviations for these three
types of trials were 2.1% (2.39%). 12.9%
(8.2%), and 6.0% (3.8%).

Analyses of these overall data were con-
ducted by performing t-tests 10 assess
separately whether the performance
benefits (neutral cue minus valid cue) and
costs (invalid cue minus neutral cue) were
reliable for each dependent measure. The
obtained t-values were all highly significant:
t = 4.59, df = 11, p < .003 (reaction time
benefit); ¢t = 8.12, df = 11, p < .001 (reac-
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tion time cost), { =q4.02, df =11, p <.oos
(error benefit); ¢ =496, df =11, p <

(errov cost). Tois apparent from these anady-
ses that a vahid cae enhances both the speed

0085

and acceuracy of targer disormmmation, whale
an imvahd cue depresses perfornuance as
measured by these two vanables. Having
thus demonstrated the effectiveness of the
cue under these conditions, we sought to
test various predictions of all-or-none
allocation models of attention shifts.

All-or-None Resource Allocation

The key assumption of this class of models
is that resources are allocated to the proces-
sing of array times one at atime. From this it
follows directly that if a task calls for the
examination of several array locations be-
fore a target decision can be made, several
shifts of attention will be required. Below
we enumerate and test several specific ver-
sions of this model all of which follow this
allocation principle. The models differ
from one another in the assumptions that
they make concerning details of the item
examination process.

(1) EXHAUSTIVE SEARCH OVER ALL ITEMS:
According to this version, subjects termin-
ate their examination of an array only after
examining all items, regardless of whether
the target has been located and identified
early or late in the search process. Such an
exhaustive scanning hypothesis cannot be
an appropriate explanation of the present
data. It predicts that reaction times for valid
and invalid cue conditions should be iden-
tical with one another since an exhaustive
analysis of the array would require the same
number of item examinations in both of
these conditions. Our results obviously do
not support this prediction.

(2) EXHAUSTIVE SEARCH OVER NON-CUED
1TEMS: This is a modification of the previous
model that permits subjects to make use of
the locational cue when it is valid to termin-
ate their examination of an array. The

claim 1s that, on valid cue trials, only the
cued location is examined. On invahd cue
teials, the coed location plus all non-cued
locations e scanned belove the arrav ex-
aminanon termmates. Likewase, accordig
to this versions all anay atems mnst he ex-
amined when subjects ave provided with no
locational cue in the neutral condition.'
The benefit of a valid cue should equal the
time required to examine seven items (in
the neutral condition all eight items must be
examined; however, only the cued item
must be examined when the cue is valid).
Also, there should be no cost incurred with
an invalid cue because eight items must be
examined in this case compared to eight for
aneutral cue. The overall results presented
above disconfirm this model on the
grounds that there are both substantal
benefits and substantial costs for valid and
invalid cues respectively in the present ex-
periment.

(3) TERMINATING SEARCH OVER ARRAY
1TEMS: The major alternative to an exhaus-
tive search mechanism is one whose ex-
amination of array items ceases when a
target is located and identified. There are
two major ways of testing this model.

(a) According to a terminating model, the
presentation of a locational cue should pro-
vide a starting place for search on some
large proportion of the trials on which such
a cue is presented (perhaps all). When the
locational cue is valid and the cued location
is examined first, only this cued location will
be processed before a response is emitted.
When the cue is invalid and the cued loca-
tion is examined first, then, on the average,
five locations will be examined before
search is terminated (the cued location plus
four of the remaining seven). When no
locational cue is provided, then 4.5 loca-
tions will be examined on the average be-
fore the search can end. This version thus
predicts the qualitative data pattern that we
have reported above: a benefit in proces-

'Although it is possible to assume that search is self-terminating in the neutral condition, this would certainly be an
ad hoc assumpiion of this model. Afier all, if subjects could terminate their search afier locating the target in the
neutral condition, why couldn’t they likewise terminate their search after finding a target on the invalid cue trials?

Shifts of attention
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sing when the cue is vahd and a cost whenn
18 ot

The relanive magnitudes of benchts and
costs In Experiment rare not consistent with
a terminating hypothests, however. The
hvpothesis predicts that benefits should be
greater than costs (note above the relative
number of examinations involved when the
cue 1s vald, invalid, or neutral). Furth-
ermore, such a prediction is made regard-
less of the percentage of trials on which the
cued location is actually examined first,
assuming that this percentage is greater
than chance. The actual magnitudes of the
benefits and costs in reaction time for the
present experiment were 157 msec and
170 msec respectively. These values are not
reliably different (+ = 0.46, df = 11, p >
.20), and, in fact, their difference is in the
opposite direction trom the prediction.
The same is true of the §.9% benefit and the
6.9% cost in the ervor rates (¢t = 1.24, df =
11, p > .05).

(b) An alternative method for testing the
terminating search model is based on analy-
sis of serial position effects. Since search is
assumed to terminate upon identification
of the target, there should be a monotonic
increase in RT with the number of array
locanons that must be examined before the
search can terminate.

Perhaps the most reasonable hypothesis
about the preponderant order in which
array locations are examined is this: First
the item at the cued locanon isidentibed —n

has, after all, the highest probability of

being a target. I this fails to be the target.
items are examined roughly in the order of
tireir distance from the cue. 'This hypothesis
1s plausible because it permits subjects to
examirne hrstitems that are nearby the loca-
tion to which they are currently anending.
As Enksen and Poffman (1972) have
shown, the resolution of attention concen-
tration 1s such that when subjects are con-
centraung on one location, mformanon
from surrounding locations intrudes on
their current processing. The present
hypothesis makes use of this intrusion by
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having these very ntems that have already
been partially processed receive the benefii
of complete processing next i linc.
According 1o tlus hypothesis, then. re-
sponse time ought to be a moncrome fune-
non of the distance between the cued loca-
tion and the location of the trget oninvalid
trials.

There are two ways of measuring dis-
tance to test this prediction. The first
method assumes that subjects first turn
attention alternately to the two locations
that flank the cued position. If no target is
found, they then examine the next nearest
two locations in turn, and so on. According
to this assumption, reaction time (and,
perhaps, errors) should increase as the
absolute, nondirectional distance between
cue and target increases. In the present ex-
perime>rt, this prediction can be evaluated
by examining reaction times and errors for
an absolute distance between target and cue
of 1, 2.3, or 4 positions on either side of the
cue. The reaction time values for the posi-
tions were 868 msec, 860 msec, 884 msec,
and 884 msec (F < 1): the corresponding
error rates were 14.6%, 14.4%, 12.2%, and
12.2% (F < 1). There is quite clearly no
reliable effect here to support the predic-
tion of distance effects.

The alternative way in which subjects
could shift their attention from location to
location is to move either clockwise or coun-
terclockwise. The performance implica-
tions of such a directional scan depend up-
on whether there 1s any consistency in its
direction from subject to subject, or within
anv one subject, trom tnial to trial. If there
were uniform consistency, then a graph of
reaction time and, perhaps, errors should
be monotonically related to the clockwise
position  differences  between cue and
target. Table 1 shows that no such trend
appears. However, if there were little con-
sistency n scanning direction, one would
expect this graph to show an independence
of mean reaction ume with position, which
idoes (F <1).

One can further test whether a direction-
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TARLE )

Reacuion thnes and errvors tor invalid trials for cach clockwise distance between cue

and targen

Clockwise distance between cueand nger
(expressed as number of arvay positions)

1 2 3 4 R}

Reaction time 878 860 853 884 914
Per cent errors 18.2 13.4 10.9 13.4 10.9

6 7
865 858
109 9.7

al but inconsistent scan underlies these data
by examining reaction time variability. If
the direction of scan is haphazardly alter-
nated, then reaction time to a target that is
four locations from the cue should have the
least variability of all, since a subject will
always have to shift attention four times to
reach this location regardless ot the direc-
tion of the shift. Reaction time to targets
located three or five clockwise positions
from the cue should have the next lowest
standard deviation, followed by reaction
time to targets that are two or six clockwise
positions away. Finally, targets at a distance
of one or seven clockwise positions should
have the greatest reaction time variability.

This prediction was tested by examining
both between-subject and within-subject
standard deviations by position. The be-
tween-subject values are 258 msec for a dis-
tance of 4,269 msec for the mean standard
- deviation of clockwise distances g and 3,
213 msec for the mean of 2 and 6, and
255 msec for the mean of 1 and 7. These
data do not fit the predicted pattern.

Within-subject standard deviations like-
wise do not support the prediction. For
each subject, the reaction time standard de-
viation for each clockwise distance of cue to
target was calculated and average values
were obtained for clockwise positions 1 and
7. 2 and 6, g and 5. and 4. These values,
averaged over subjects, are: 270msec,
255 msec, 264 msec, and 259 msec respec-
tively. Analysis of variance of these
standard deviations reveals no reliable
effect (F <1).

Shifts of attention

To sum up these analyses, then. we have
tested various predictions of exhaustive
and terminating versions of a sequental
scanning hypothesis, and have found no
support for either version. These analyses
rule out the possibility that subjects first fix
their attention on the cued location, then
refixate it successively on other array loca-
tions to identify a target. We must find a
theoretical alternative to these models.

One class of models consistent with the
data reported above rests on the assump-
tion of a simultaneous analysis of several
(perhaps all) array items when a target is
not identified at the cued location. Again,
one can imagine several versions of this
type of model, all of which share the central
assumption of limited resources that are
applied to multiple locations to permit
simultaneous processing. One version of
this model would posit that attention is al-
ways first concentrated on the cued loca-
tion. If analysis of this position fails to iden-
tify a target, then processing resources are
distributed over all other locations and
analysis is carried out on these other loci
simultaneously. This hypothesis would pre-
dict the overall pattern of costs and benefits
in the following way: Benefits accrue be-
cause concentrating all or most resources
on the cued location results in faster proces-
sing of this location than in the neutral con-
dition in which the target receives only one-
eighth of all processing resources (because
there are eight equally likely target loca-
tions). Costs arise because of the two-stage
nature of the analysis as compared with the
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single-stage sinmultancous analysis in the
neutral condinon,
An aliernative to this kind of hyvpothesis,

but one that still retains the assumption of

simultaneous array analysis, is based on the
notion of a weighted resource allocation.
On this hypothesis, resources are allocated
to processing the array locations as a mono-
tonic function of their likelihood of con-
taining a target. The cued position has a
high priority for resource allocation since it
is much more likely to contain a target than
other locations. By assumption, greater re-
source allocation will result in faster proces-
sifg (Norman & Bobrow, 1g75). This sort
of hypothesis is quite similar in principle to
that proposed by Shaw and Shaw (1977)
although we here make no specific claims
about the quantitative assignment of re-
sources to locations.

The present experiment cannot distin-
guish between these alternative versions
of a simultaneous processing hypothesis.
Accordingly, a second experiment was de-
signed to do so.

EXPERIMENT 11

Consider the predictions of each of the two
simultaneous processing hypotheses for an
experiment in which the validity of the loca-
tional cue is systematically manipulated.
According tothe two-stage version, the per-
formance benefits that arise in such an ex-
periment ought 1o be independent of vahd-
iy, This tollows because, by hypothesis, no
matter what the validity (within reason), the
cued location will alwavs he examined first.
thus producing a constant ume difference
between valid cue trials and neutral inals. A
straightforward reading of the weiglied ve-
source allocation hvpothesis makes quite a
difierent prediction for this case, however.
As cue validity is lowered, ever fewer re-
sources will be allocated to processing the
cued location, thus producing a diminished
benefit tor valid cue trials compared to the
neutral condition. This will be compen-
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sated, however. by a decreased cost for in-
valid cue trials since the non-cued locations
will have more resources applied to their
analysis. The present experiment pits these
two predictions against each oth~r.

METHOD

General Design

Asin Experiment 1, there were three basic types
of trials: valid cue, invalid cue, and neutral cue.
In each session, the neutral cue trials constituted
50 per cent of the total. The percentage of valid
cue trials in each session could be g5 per cent, 25
percent, or 15 per cent, with the remaining trials
being of the invalid cue type. The manipulation
of cue validity was accomplished across ex-
perimental session, but within subject.

Subjects

Subjects *were 12 undergraduates who were paid
for participation in four experimental sessions
each. The sessions were conducted on consecu-
tive days.

Apparatus and Strmulus Materials

The apparatus and stimulus matenials were
identical with those of Experiment 1. Each ses-
sion consisted of three blocks of 160 trials iner-
spersed with three blocks of practice trials as
before (only the last two blocks of 160 trials were
included In the data analyses). Of the 160 trials
in each major block, 80 were of the neutral cue
variety. The remaining 8o used either 56 valid
and 24 invalid cues, 40 valid and 4o invalid cues.
or 24 valid and 56 invalid cues depending on the
condition. Practice trial blocks were constructed
with the same probabilities as the large blocks
that they preceded.

Procedure

Subjects participated in one practice session fol-
lowed by three test sessions. The practice session
was identical with the experimental session of
Experiment 1, with 70 per cent cue validity for all
subjects. The cue validity assigned for each of
the test sessions was determined by using a Lauin
Square principle balanced across subjects.
Subjects were given the same instructions as in
Experiment 1 governing general experimental
conditions and trial-io-trial procedures. Before
each session, in addnion, subjects were fullv in-
formed of the probability of occurrence of each
type of cue and of the locational cue’s validuny.
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FIGURE 1 Reaction times and errors (in parentheses)

as a function of cue validity in Experiment 11.

RESULTS AND DISCUSSION

The major result is displayed in Figure 1
which graphs reaction time as a function of
cue validity. The three points for the neu-
tral condition arise by separately plotting
neutral cue data for each of the cue validity
blocks in which the neutral cues were
embedded. It is obvious, even from casual
inspection of the figure, that variations in
validity produce large and systematic
changes in costs and benefits. This observa-
tion was confirmed by an analysis of
variance that included the factors of cue
validity (with the neutral cue trials matched
with the other trials by the blocks in which
they appeared) and cue type. This analysis
revealed a main effect of cue type (F =
51.46; df = 2,22; P < .001) which was ana-
lysed by Bonferroni post hoc tests. These
tests demonstrated highly reliable (p <
.001) costs and benefits in the 70% validity
condition, reliable costs (p < .01) and mar-
ginally reliable benefits (p < .06) in the 50%
validity condition, and no reliable differ-
ences (p > .10) in the 30% validity condi-
tion. The main analysis also revealed the
obvious interaction of cue validity with cue

type (F = 7.84, df = 4,44, p < .001). It is

Shifts of attention

quite apparent, then, that the prediction of
the two-stage model is not upheld: The
benefit in performance due to a valid loca-
tional cue is not invariant with cue validity.
This is further confirmed by analysis of
error rates which also show an interaction
of cue validity with cue type (F = 4.76; df =
4:44; p < .005).

Although this experiment has tested and
rejected the version of a two-stage model in
which the cued location is always examined
first, it has not ruled out all versions of this
model. In particular, one may claim that
subjects go through a probability matching
procedure in each validity condition, some-
how matching the probability of first ex-
amining the cued location first with the
probability of cue validity. This model, like
the weighted resource model, would pre-
dict the systematic decrease in benefits and
costs that we found with decreased cue
validity.

While the present experiments cannot
distinguish between these two alternatives,
they have eliminated various other possibi-
lities. The results of Experiment 1 rule out
models in which resource allocation to the
cued location conforms to an all-or-none
principle and in which resources are shifted
from one location to another in a sequential
manner. Experiment 11 also demonstrates
that the all-or-none principle of allocation
to the cued position cannot explain per-
formance, even if coupled with a parallel
processing mechanism for uncued loca-
tions. Further tests are now required to de-
termine whether resources are divided
among all array locations simultaneously
(with a larger amount applied to the cued
location), or whether the benefit of the cued
location is due to subjects mixing trials on
which the cued location is examined first
with those on which all locations are ex-
amined simultaneously.

RESUME

Deux expériences visant a trouver de nouveaux
modeles pour expliquer les changements dans
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Fantenuion portée aux partes du champ visuel
sans changements de fixaton. Les changements
dattennon sont identihés par une analvse (en
couts ¢1 gnns) des temps de rcaction et des
errcurs dans une tiche d'exploration visuelle 4
choix torcé. Les résultats ne penvent s'expliquer
par des modeles assumant un examen séquenticl
des items présentés. L'examen visuel est plutot
congu comme un processus en vertu duquel les
items sonl examinés simultanément. Suivant ce
pointde vue, un changement d’attention est con-
sidéré comme un changement dans les res-
sources de traitement visuel affectées i I'examen
de chacun des items.

REFERENCE NOTE

1 sHAw, M. Optimal allocation of cognitive resources
1o visual held locations. Paper presented ai the meét-
ing of the Psychometric Society, Murray Hill, x),
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