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Hughes (1984) has reported that the magnitude of the cue-validity effect in luminance detec-
tion is unaffected by target luminance. In three experiments, we explored the possible basis of
this counterintuitive finding. The experiments focused on the design of the Hughes study, in which
target luminance was treated as a between-blocks variable. Our results reveal that when target
luminance is varied randomly within trial blocks, the cue-validity effect grows with declining
target luminance. The difference between our findings and those of Hughes is interpreted in terms
of cue-utilization strategies, which may adapt to target luminance when luminance remains in-
variant within trial blocks. Several alternative conceptions of the nature and locus of the cue-
validity effect in luminance detection are considered in light of these results.

Posner and his colleagues (e.g., Posner, Nissen, &
Ogden, 1978) have devised a simple, yet highly sensi-
tive, procedure for investigating the effects of directed
attention in visual target detection. The procedure con-
sists of presenting a cue indicating the likely location of
a signal that is to be detected, and then presenting the sig-
nal either at the cued location or (occasionally) at an un-
cued location. Detection latency under these conditions
is shorter when the cue is valid than when it is invalid
as a predictor of target location.

A complication of the basic procedure entails the addi-
tion of trials containing a noninformative (neutral) cue.
Here, detection latency is often shorter in cued than in
neutral trials, yielding what Posner terms an attentional
benefit, and slower in uncued than in neutral trials, yield-
ing an attentional cost. These effects hold even in the ab-
sence of eye movements (Posner, 1978). Posner has in-
terpreted this pattern of results in terms of the assumptions
that cuing directs the covert orientation of attention and
that attention enhances the efficiency of sensory processes
underlying detection.

Recently, Hughes (1984) used the Posner procedure to
inquire into the location within the visual system of the
processes underlying the cue-validity effect. One of the
variables he investigated was target luminance, and he
found (1) that reductions in target luminance produce
overall increases in target-detection latency, but (2) that
the magnitude of the cue validity effect (reaction time,
RT, on invalid cue trials minus RT on valid cue trials)
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does not increase with reductions in target luminance. In
fact, the cuing effect was reliably smaller for the lowest
target luminance studied than for all others. The latter
result was dismissed as the likely result of ceiling effects.
Drawing on the logic of additive factors (Sternberg,
1969), Hughes interpreted the observed additivity across
all other luminance conditions as showing that signal lu-
minance and directed visual attention operate at separate
stages in the signal detection process.

The Hughes result would seem to indicate that once
visual attention is focused at a particular spatial location,
the efficiency of processes leading to the detection of a
target appearing at an alternative location (as on invalid
cue trials) is unaffected by the salience of the signal ap-
pearing there. We found this puzzling. Intuitively, one
might suppose that the speed with which attention can be
oriented to an uncued location and engaged there (Pos-
ner, 1978) will increase with target salience. Even if one
assumes that the detection of a luminance increment at
an uncued location does not necessitate the reorientation
of attention (e.g., LaBerge & Brown, 1986), it might still
be expected that the rate with which evidence of uncued
target occurrence accrues within the sensory system will
increase with target luminance. Seemingly compatible
with these expectations are data (Julesz, 1981; LaBerge
& Brown, 1986) suggesting that the efficiency with which
visual attention is utilized in detecting a target element
or set of target elements appearing at uncued spatial lo-
cations will vary with the target’s distinctiveness relative
to background.

In the three experiments reported here we explored the
possible basis of Hughes’s findings. His conclusion that
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target luminance is additive with cue validity rests upon
the assumption that his subjects responded to the precue
in the same fashion under all luminance conditions; that
is, that attention was directed to the cued position equally
under all luminances. There is reason, however, for ques-
tioning this assumption. Target luminance was manipu-
lated as a between-blocks variable. Target luminance was
varied across trial blocks by means of neutral density
filters, which were interposed between subjects and the
entire stimulus display, including the locations of both tar-
gets and precues. The range of filters chosen by Hughes
proved highly effective in manipulating detection latency.
It may also have affected the ease with which subjects
could extract useful information from the precue. More
specifically, the dissociation of attention from the point
of eye fixation on the basis of a central cue is an effortful
process. Conceivably, this dissociation was made even
more effortful by reductions in cue discriminability across
luminance conditions in the Hughes study, reducing the
likelihood that subjects actually used the cue to direct their
attentional focus. This possibility is evaluated in Ex-
periment 1.

It is also conceivable that the blocked presentation of
target luminances could have had a strategic effect of quite
a different kind. Subjects may have assumed, correctly
or not, that a full commitment of focal attention to the
cued location under lower target-luminance conditions
would lead to unacceptably high rates of detection failure
on invalid cue trials. Accordingly, there may have been
a greater tendency under low-luminance conditions to split
attention between cued and uncued locations, or simply
to hold attention at the fixation point, midway between
target sites. The effect of either strategy would be to
reduce the cue-validity effect. Thus, any differential cu-
ing effect due to target luminance could have been offset
by the subjects’ attentional strategies. This possibility was
tested in Experiments 2 and 3.

EXPERIMENT 1

In the first experiment, we varied target luminance
across trial blocks by placing neutral density filters over
target locations, but not over the location of the central
precue. In this way, precue discriminability was held con-
stant across target luminances.

Method

Stimulus display. A computer-controlled video raster monitor
was used to generate the display, which consisted of a trial mar-
ker, a fixation cross, and a cuing arrow, all appearing at a central
location, and a target that appeared either to the left or right of center.
The display was viewed from a distance of 45.7 cm. The fixation
cross was 0.6°%0.6°, the precue was a left- or right-oriented ar-
row subtending 0.6° X0.9°, and the target subtended 0.05°. The
targets appeared on a dark background 3.0° center-to-center to either
side of the cue. We varied target luminance by mounting neutral
density filters over the two target positions. The three target lu-
minances were 9.0, 3.0, and 1.0 mfL. For reasons indicated be-
low, the experiment was conducted in a partially lighted room.
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Task. The task was to respond to the occurrence of the target
by depressing the space bar on a keyboard located on a table in
front of the subject. Responses were made with the index finger
of the preferred hand. Response latencies were measured by a
hardware-based timer accurate in the microsecond range. The ex-
perimenter (K.R.) monitored eye movements on-line by means of
a video camera, necessitating partial illumination of the experimental
chamber. A preliminary study was carried out to assess the ex-
perimenter’s ability to detect eye movements under the conditions
of this experiment. The first author served as the subject in the
preliminary study, which consisted of 264 trials. On a random one-
quarter of these trials, the subject made a 1.5° eye movement, either
to the left or right. Eighty-one percent of these eye movements were
detected by the experimenter, and on no occasion did he report 2
movement when none was made. We reasoned that the ex-
perimenter’s imperfect eye-movement detection would not consti-
tute a problem for interpretation of experimental results unless both
of the following conditions held: (1) the pattern of response laten-
cies differed between trials on which eye movements were observed
and those on which they were not; and (2) the frequency of ob-
served eye movements differed across luminance blocks. Since per-
formance patterns in the Posner cost-benefit procedure are not af-
fected appreciably by the occurrence of eye movements (Shulman,
Wilson, & Sheehy, 1985), we anticipated no problem with this
procedure.

Procedure. Following Posner et al. (1978), four types of trials
were studied. These were designated valid, invalid, neutral, and
catch trials. On valid trials, the target appeared on the side of fixa-
tion indicated by the cuing arrow. On invalid trials, the target ap-
peared to the side opposite that indicated by the arrow. On neutral
trials, a double arrow () appeared, and the target occurred equally
often to either side of fixation. On catch trials, no target appeared
following cue presentation. There were 9.7% catch trials. Of the
remainder, 76 % were valid, 12% were invalid, and 12 % were neu-
tral. Each trial began with the presentation of the trial number, which
was used by the experimenter as part of the eye-movement monitor-
ing procedure. This remained on display for 1,500 msec; then it
was replaced for 667 msec by a fixation cross. The precue appeared
250 msec following the offset of the fixation cross. The precue re-
mained in view until the subject responded. The stimulus onset asyn-
chrony between the precue and the 100-msec target varied randomly
between 750 and 1,500 msec. The interval between response and
onset of the next trial was 1,000 msec.

Each subject participated in one practice session and three ex-
perimental sessions. The experimental sessions were conducted on
separate days. Each experimental session consisted of three blocks
of trials, one block at each target-luminance level. The order of
luminance blocks was counterbalanced over subjects and experimen-
tal sessions. Subjects were informed about the predictive accuracy
of the precue. They were instructed to maintain fixation through-
out each trial. An error message appeared on the monitor when
a subject committed an anticipation error, defined as a response
on a catch trial or a response with a latency of less than 100 msec.
Response latencies exceeding 1,200 msec were defined as detec-
tion failures, and were signaled to subjects as they occurred by a
“‘slow’’ message on the monitor.

Subjects. Six undergraduate students served as subjects. They
were paid for their participation. All reported normal or corrected-
to-normal vision.

Results and Discussion

Anticipation errors and detection failures. Anticipa-
tion error rates were 2.1% on valid trials, 2.4% on in-
valid trials, 1.8% on neutral trials, and 3.0% on catch
trials. An analysis of variance revealed no reliable differ-
ences in anticipation error rates across luminances, cue
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validity conditions, or days of practice. Overall, detec-
tion failure rates were very low: 0% on valid and neutral
trials, and 0.2% on invalid trials. Latency data from er-
ror trials were excluded from further analysis.

Eye-movement data. Eye movements were observed
on 1.8%, 2.1%, and 2.0% of trials under high-, and
medium-, and low-luminance conditions, respectively. An
analysis of variance carried out on X;+1.0% transforms
of these data revealed no reliable differences in eye-
movement percentage across luminance or cue-validity
conditions.

Reaction-time data. Table 1 shows mean correct RT
for valid, neutral, and invalid cue trials under the three
luminance conditions. Each cell in the table contains two
values—mean RT including trials with recorded eye move-
ments and (inparentheses) mean RT excluding trials with
eye movements.

The question addressed in this experiment relates to the
influence of target luminance on the magnitude of the cue-
validity effect—that is, on the difference in detection lat-
ency between trials containing valid cues and those con-
taining cues that are not valid. More specifically, we asked
whether the independence of cue-validity and target-
luminance effects reported by Hughes (1984) could be at-
tributed to luminance-dependent variations in cue dis-
criminability. If so, the equalization of cue discrimina-
bility across target-luminance conditions in the present
experiment should give rise to an interaction between tar-
get luminance and cue validity. To answer this question
we carried out two separate three-factor repeated-
measurements analyses of variance, one including data
from trials with observed eye movements, the other ex-
cluding these trials. The three factors in these analyses
were luminance (high, medium, low), cue validity (valid,
invalid), and sessions (1, 2, 3). The eye-movment inclu-
sive analysis revealed significant luminance [F(2,10) =
10.9] and cue validity effects [F(1,5) = 20.9; both
ps < .001], and a significant sessions effect [F(2,10) =
9.4, p < .01]. Neither the luminance X cue validity in-
teraction (F < 1.0) nor any other interaction approached
significance. A virtually identical result appeared when
data from eye-movement trials were excluded: luminance
[F(2,10) = 10.0], cue validity [F(1,5) = 21.6,
p < .001], and sessions [F(2,10) = 9.2, p < .01] were
all significant, whereas the luminance X cue validity in-
teraction was not.

These results indicate that target luminance, at least
across the range investigated here, is additive with the

effects of cue validity. Thus, the present findings repli-
cate those obtained by Hughes (1984) under his three
highest target-luminance conditions, indicating that his
results cannot be attributed to differences in precue dis-
criminability across luminance blocks.

Given the results of the preliminary study described
earlier in this report, we assume the experimenter detected
a major portion of the eye movements that occurred dur-
ing this experiment. On this assumption, the present
results indicate that eye movements have a negligible im-
pact on the pattern of response latencies obtained in tasks
such as the present one, which impose no acuity demand
on subjects. A similar conclusion was reached by Shul-
man et al. (1985).

EXPERIMENT 2

The second experiment provides a test of the idea that
subjects in the Hughes (1984) experiment strategically
varied their cue-utilization strategies across blocked-
luminance conditions. To eliminate possible strategic
differences across luminance conditions, target luminance
was manipulated as a within-blocks variable.

Method

Stimuli and Procedure. The stimulus display differed from that
in Experiment 1 only with respect to target characteristics. Tar-
gets were created from rectangular graphics characters with varia-
ble pixel density, combined with predefined brightness codes (white
and light gray), in Turbo Pascal. The highest luminance target con-
sisted of Turbo Pascal character No. 219 with the color code white.
The intermediate luminance target consisted of No. 177 (white),
and the lowest luminance target consisted of No. 176 (light gray).
Each target subtended a visual angle of 0.125° horizontally and
0.25° vertically. A neutral density filter was placed over each of
the two target locations, yielding luminances of 4.0, .80, and
.15 mfL for the high-, intermediate-, and low-luminance targets,
respectively. The filters were added for two reasons. First, we
wished to shift target intensities into a range where strong-luminance
main effects would be obtained (cf. Hughes, 1984). Second, we
wished to minimize the possibility that subjects might perceive tex-
tural differences among the graphics characters used in the experi-
ment. Preliminary observations indicated that the use of high-density
filters, coupled with brief (100 msec) target duration, effectively
eliminates perceived textural differences among the characters used.

The task was identical in all respects to that in Experiment 1.
The only procedural changes were that target luminance varied ran-
domly within trial blocks and eye movements were not monitored.
The decision to eliminate monitoring of eye movements seemed justi-
fied because the results of the first experiment revealed (1) no ef-
fect of target luminance or cue validity on eye-movement frequency,

Table 1
Mean Correct Reaction Time (in msec) under Valid, Neutral, and Invalid Cuing Conditions
as a Function of Target Luminance

Cue Validity Condition

Target Invalid Cue RT
Luminance Valid Neutral Invalid —Valid Cue RT
High 267 (265) 273 (270) 305 (304) 38 (39)
Medium 265 (265) 274 (272) 303 (302) 38 (37)
Low 300 (298) 305 (304) 333 (330) 33 (32)

Note—The right-hand column gives the reaction-time differences between invalid and valid cuing condi-
tions. The values in parentheses exclude data from trials with observed eye movements; the remaining values

include data from these trials.
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Figure 1. Mean correct reaction time and percent detection failures
under valid, neutral, and invalid cuing conditions as a function of
target luminance.

and (2) that eye movements had no appreciable effect on latency
patterns across target-luminance and cue-validity conditions. Fur-
thermore, since target luminance varied randomly within trial blocks
in the present experiment, subjects should not have been able to
vary the frequency of their anticipatory eye movements across tar-
get luminances on any systematic basis.

Subjects participated in one practice session and three experimental
sessions, each consisting of three trial blocks. Blocks were identi-
cal, with the exception that the order of trial types was separately
randomized for each block.

Subjects. Seven students, all reporting normal or corrected vi-
sion, served as subjects. They were compensated as in Experiment 1.

Results and Discussion

Anticipation errors. Anticipation error rates were
3.2% on valid trials, 3.4% on invalid trials, 2.6% on neu-
tral trials, and 3.4% on catch trials. An analysis of vari-
ance indicated no reliable differences in anticipation-error
rates across intensities, cue validity, or sessions.

Detection failures. Detection-failure rates are shown
in Figure 1. An analysis of variance carried out on
X,+1.0% transforms of these data revealed that luminance
[F(2,12) = 3.88], cue validity [F(2,12) = 7.57], sessions
[F(2,12) = 3.34], and the luminance X cue validity in-
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teraction [F(4,24) = 2.91] were all significant, with
p < .05. The sessions main effect indicates a reduction
with practice in the detection-failure rate.

Reaction-time data. Mean correct RT for valid, neu-
tral, and invalid cue trials under each of the three lu-
minance conditions is depicted in Figure 1 and Table 2.
The question we sought to answer in this experiment con-
cerns the additivity of target luminance and cue validity
observed by Hughes (1984) when luminance remained in-
variant within trial blocks. Would the additivity relation
remain in effect when luminances were mixed within trial
blocks? To answer this question we carried out a repeated
measures analysis of variance with luminance (high,
medium, low), cue validity (valid, invalid), and sessions
(1, 2, 3) as variables. The results revealed that luminance
[F(2,12) = 118.5], cue validity [F(1,6) = 56.0], and the
luminance X cue validity interaction [F(2,12) = 15.9]
were all significant (p < .001). All 7 subjects showed
a cue-validity effect that was greater in absolute magni-
tude under low than under high luminance.

These results are consistent with the idea that the addi-
tivity of target luminance and cue validity obtained by
Hughes (1984), and replicated in our first experiment, is
a consequence of systematic variations across blocked tar-
get luminances in the extent of the attentional focus in-
duced by precuing. Subjects may be less inclined to com-
mit attention exclusively or fully to the cued location
during low, relative to high, luminance blocks. When this
strategic option is removed by mixing luminances within
trial blocks, as in Experiment 2, luminance and cue-
validity effects become overadditive. The pattern of de-
tection failures appearing in Experiment 2 seems another
likely consequence of the procedurally induced invariance
of attentional strategy across target luminances. Indeed,
any given cue-utilization strategy, with the exception of
the most conservative (least cue-committed), might be ex-
pected to produce a difference in detection-failure rate be-
tween cued and uncued trials, which would increase with
reductions in target luminance.

One objection that could be raised with respect to this
analysis is that Experiments 1 and 2 differed not only in
blocking procedure; they also differed in the specific
method by which luminance was manipulated and in the
strength of this manipulation. Since our arguments are
based on the assumption that the blocking procedure was
the critical factor that differentiated the results of Experi-
ments 1 and 2, these confounds were eliminated in Ex-
periment 3.

Table 2
Mean Correct Reaction Time (in msec) under Valid, Neutral, and Invalid Cuing Conditions
as a Function of Target Luminance (Experiment 2)

Cue Validity Condition

Target Invalid Cue RT

Luminance Valid Neutral Invalid —Valid Cue RT
High 232 241 272 40
Medium 267 285 320 53
Low 335 359 402 67

Note—The right-hand column gives the reaction-time differences between invalid and valid cuing conditions.
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EXPERIMENT 3

Method

Stimuli and Procedure. The stimulus display, target-luminance
manipulation, specific target luminances tested, and task were all
identical to those of Experiment 2. The only procedural difference
was that target luminance varied across rather than within trial
blocks. The order of luminance blocks was counterbalanced over
subjects and experimental sessions.

Subjects. Nine students and three clerical staff, all reporting nor-
mal or corrected vision, served as subjects. They were compen-
sated as in the first two experiments.

Results and Discussion

Anticipation errors and detection failures. Anticipa-
tion error rates were 1.4% on valid trials, 2.2% on in-
valid trials, 2.0% on neutral trials, and 2.3% on catch
trials. Detection failure rates were 0.2% on valid trials,
0.4% on neutral trials, and 1.1% on invalid trials. Anal-
yses of variance carried out separately on anticipation er-
ror and detection failures indicated no reliable differences
across luminance blocks, cue validity conditions, or days
of practice.

Reaction time data. Table 3 shows mean correct RT
for valid, neutral, and invalid cuing under the three tar-
get luminances. Data from valid and invalid cuing condi-
tions were subjected to a repeated measures analysis of
variance with target luminance (high, medium, low), cue
validity (valid, invalid), and sessions (1, 2, 3) as factors.
The results revealed that luminance [F(2,22) = 111.0]
and cue validity [F(1,11) = 93.1] were significant
(p < .001). Although the absolute magnitude of the cue-
validity effect tended to decline with decreasing target lu-
minance, the luminance X cue validity interaction did not
approach significance.

Target luminance varied across trial blocks in the
present experiment and within trial blocks in Experi-
ment 2. The experimental procedures of these two experi-
ments differed in no other respects. We may thus con-
clude that the overadditivity of luminance and cue validity
observed in Experiment 2 was due to the mixing of lu-
minances within trial blocks. Accordingly, the present
results lend support for our suggestion that the blocking
of target luminance promotes strategic variations in the
degree to which attention is committed to the cued loca-
tion. Of course, our argument would have been strength-
ened further had we found that the two variables were
underadditive under blocked conditions. However, as the

reader will recall, Hughes (1984) obtained just this result
for his lowest luminance condition relative to all others.
Measured luminance in this condition was lower than in
our low-luminance condition, and overall RT was higher.
Hughes interpreted the underadditivity as a ceiling effect.
However, it is unclear what this ceiling effect might be.
Given the results reported here, the more plausible in-
terpretation is that the blocking of target luminance en-
courages adaptive variations in the cue-based commitment
of visual-spatial attention.

GENERAL DISCUSSION

The results of the experiments reported here suggest
two noteworthy implications, one methodological and one
theoretical. First, when considered in light of Hughes
(1984) and our Experiments 1 and 3, the results of Ex-
periment 2 indicate that the allocation of attention in spa-
tial cuing is not determined exclusively by cue validity.
If subjects believe, correctly or not, that the full, cue-based
allocation of attention will result in unacceptably high
detection-failure rates for targets at an uncued location,
they may be disinclined to commit attention fully or ex-
clusively to the cued location. When blocked experimen-
tal conditions, such as target luminance, differ with respect
to the likelihood of detection failure, subjects appear to
reallocate their attention accordingly. If such condition-
dependent strategies are not taken into consideration as
experimental factors, they can lead to the misinterpreta-
tion of experimental results. A related effect, with rather
different design implications, has been reported by Pos-
ner (1978). The reference study (Posner et al., 1978) in-
vestigated the effects of target eccentricity in the spatial
cuing paradigm. When target eccentricity was treated as
a blocked variable, no differences in the size of the cue-
validity effect were obtained between parafoveal and more
eccentric targets. When eccentricities were mixed within
trial blocks, however, more peripheral targets showed
larger cue-validity effects than did parafoveal targets. Pos-
ner interpreted this surprising result to mean that subjects
biased their attention toward peripheral target locations
under the mixed condition, mistakenly believing that the
peripheral target was more critical, or perhaps more sub-
ject to detection failure. Following this interpretation, it
was the mixed-eccentricity condition that produced the
misleading outcome, and not the blocked condition. The
point to be emphasized is that strategic factors can in-

Table 3
Mean Correct Reaction Time (in msec) under Valid, Neutral, and Invalid Cuing Conditions
as a Function of Target Luminance (Experiment 3)

Cue Validity Condition

Target Invalid Cue RT

Luminance Valid Neutral Invalid —Valid Cue RT
High 275 293 322 47
Medium 302 310 347 45
Low 354 364 396 42

Note—The right-hand column gives the reaction-time differences between invalid and valid cuing conditions.
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fluence outcomes in spatial cuing, and must be taken into
consideration when interpreting experimental results.

A second implication of the present results relates to
Hughes’s (1984) conclusion that the effects of target lu-
minance and directed attention operate at separate stages
of the signal-detection process. We have argued that the
additivity (more correctly, the underadditivity) of these
effects in the Hughes experiment resulted from strategic
factors operating across blocked luminance conditions.
When the strategic option is removed by mixing target
luminances within blocks, luminance and cue-validity ef-
fects become overadditive.

How is this overadditivity to be interpreted? In terms
of the logic of additive factors (Sternberg, 1969), our
results imply that target-luminance and cue-validity ef-
fects operate at a common stage in the sequence of events
leading up to the detection response. This is not to imply
that the two variables initiate their influence at the same
point. Luminance effects start at photoreception (Baylor
& Hodgkin, 1973), whereas the effects of spatial cuing
surely are initiated at a later stage of processing. It ap-
pears that the effects of target luminance perseverate
through the visual system at least up to the stage where
the effects of spatial cuing become operative. It is at this
later stage that the two effects are colocalized.

At what processing stage are cue-validity and target-
luminance effects colocalized, and by what mechanism
do they interact? Posner (1978) has interpreted the cue-
validity effect on the assumption that cue-oriented atten-
tion enhances the efficiency of processing within the sen-
sory pathways leading to detection. Others (e.g., Dun-
can, 1981; Miiller & Findlay, 1987; Shaw, 1978, 1984)
disagree, arguing that cue-validity effects in luminance
detection are more likely a consequence of decision bias
than of sensory facilitation. Cue-validity effects are ob-
served under conditions in which targets are more likely
to occur at cued than at uncued locations. Consequently,
subjects may simply require less sensory evidence, and
therefore less stimulus sampling time, in order to decide
that a target has appeared at a cued location. Evidence
favoring the decision-bias account appears in studies by
Shaw (1984) and Miiller and Findlay. Shaw found that
the magnitude of the luminance-detection decrements ob-
tained when attention is divided rather than focused is con-
sistent with the assumption that spatial cuing induces
response bias; but it is well below what might be expected
on the assumption that spatial cuing also facilitates sen-
sory processing. Consistent with this, Miiller and Find-
lay found that luminance-detection performance for tar-
gets at cued versus uncued locations differs with respect
to criterion setting (beta) but not with respect to measured
sensitivity.

However, two lines of evidence raise questions regard-
ing the adequacy of the decision-bias interpretation. One
of these comes from a study by Shulman, Sheehy, and
Wilson (1986). The task was to detect a target that could
appear at any of five horizontally arrayed locations to one
side of fixation. One of the five locations was cued on
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each trial. For trials containing a target, the target prob-
ability was .76 for the cued location and .06 for each of
the remaining four locations. The detection latency was
found to vary as a joint function of retinal eccentricity
and the distance between cued and target locations. This
result can be readily accommodated by the idea that at-
tention forms a gradient of sensory facilitation around the
cued location (Shulman, Sheehy, & Wilson, 1986), or
perhaps by the idea that luminance detection requires at-
tention to be reoriented from the cued to the target loca-
tion through a process whose duration depends on the spa-
tial distance traversed (but see below). However, since
uncued locations had equal probabilities of target occur-
rence in this study, it is unclear how the results could be
accommodated by the decision-bias account. To explain
these results, the decision-bias account would have to be
modified so that the decision criterion for a given loca-
tion would depend not only on the probability that it con-
tained a target, but also on its spatial distance from the
cued location—an assumption that does not follow directly
from the theoretical signal-detection account. Moreover,
although it is plausible that subjects could maintain dis-
tinct decision criteria for two separate spatial locations,
it would be incredible for them to maintain distinct crite-
ria for five.

The second line of evidence posing difficulties for the
decision-bias account appears in a series of event-related
potential (ERP) studies reported in Mangun (1987) and
Mangun, Hansen, and Hillyard (1987). Subjects were
cued to attend to a location in either the left or right visual
field, and were then presented stimuli at either the cued
or uncued location. ERPs over occipital regions had a
higher amplitude when elicited by targets at cued loca-
tions than when elicited by targets at uncued locations.
Moreover, these enhancements occurred in ERP compo-
nents that appeared as early as 90-100 msec following
the target’s onset, and peaked over prestriate cortical areas
of the occipital lobe. These results strongly suggest that
visual-spatial attention modulates sensory processing
within the visual system, and that such modulatory effects
can operate during luminance detection."

The Shulman et al. (1986) and Mangun et al. (1987)
findings suggested to us the following interpretation of
Shaw (1984) and Miiller and Findlay (1987), and of the
results described in the present report: Assume that cu-
ing orients attention and that the attentional mechanism
generates the excitatory activation of structures within the
sensory pathway(s) coding inputs from the cued location.
(Alternatively, it might be assumed that attentional orien-
tation creates the inhibition of structures coding inputs
from ignored spatial locations, or produces a combina-
tion of excitation and inhibition. But this does not matter
for what follows. For simplicity’s sake, we will assume
that the modulatory effect of focused attention is strictly
excitatory.) In terms of signal-detection theory, the sen-
sory states of affairs at cued and uncued locations can then
be represented as follows: In structures coding input from
a cued location, the distribution of sensory strengths ex-
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perienced on trials that contain a brief luminance incre-
ment is a function of neural noise, signal strength, and
an attentional activation parameter, a. The strength dis-
tribution for trials on which no signal occurs is a func-
tion of neural noise and the parameter a. At an uncued
location, the two strength distributions are a function,
respectively, of signal (S) plus noise, (N), and of noise
alone. In this proposal, the SN and N distributions at the
cued location are both shifted additively up the continuum
of sensory strength by a quantity, a, relative to those
generated at the uncued location. Now suppose a single
decision criterion, defined at a given point along the
strength continuum, is applied to the analysis of activity
at both cued and uncued locations. The resulting system
would produce an increased probability of both hits and
false alarms for the cued, relative to uncued, location.
This would produce differences in measured ‘criterion set-
ting’ but not in measured sensitivity. That is, it would yield
the pattern of luminance detection outcomes reported by
Miiller and Findlay (1987) and Shaw (1984), even though
the effects of attentional modulation are postulated to oc-
cur strictly within the sensory system.2:3

This analysis can readily be extended to account for
major features of the data reported here. As pictured in
Figure 2, we assume that target luminance determines the
latency and the rate at which excitation builds in sensory

structures underlying detection (cf. Nissen, 1977). We
assume further that once attention is oriented towards a
cued location, the level of activity within structures cod-
ing input at this location is increased by a constant quan-
tity, a, relative to that at uncued locations. Assuming that
a common criterion exists across target luminances and
across cued and uncued locations in Experiment 2, the
difference in time to criterion between cued and uncued
target locations will be greater for low than for high lu-
minance targets. In fact, this difference will be directly
proportional to the inverse of the difference, across lu-
minances, in slope of the evidence-acquisition function.
To account for the pattern of detection failures appearing
in Experiment 2 (see Figure 1), we assume that the prob-
ability that the activity generated by the 100 msec target
used here will achieve criterion declines as the target lu-
minance is reduced.

We have suggested that under blocked luminance con-
ditions, as in Hughes (1984) and in the present Experi-
ments 1 and 3, subjects may alter their strategies for cue
utilization across trial blocks, reducing the extent of their
attentional commitment to the cued location during blocks
containing low-luminance targets. Following the account
developed here, this would mean that the difference in
activation level between cued and uncued locations—that
is, the value of the attention parameter a—would tend to
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Figure 2. Hypothetical evidence-acquisition curves for high- versus low-luminance targets at
attended and unattended spatial locations. HL(A) indicates the hypothetical point in time at
which evidence generated by a high-luminance target at the attended location achieves crite-
rion. For simplicity, the evidence-acquisition functions are depicted as linear with time. This
is not necessary for the proposed account. The only requirement is that evidence accrues as
a monotonic function of time, and that the differential effect of a across target luminances is

preserved in these functions.
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decline as target luminance is reduced. Consequently, the
overadditivitiy of cue validity and target luminance ob-
tained under mixed-luminance blocks will decline or
perhaps even reverse under blocked luminance conditions,
as in Hughes (1984).

In the account proposed here, the cue-validity effect in
luminance detection is wholly attributable to attentionally
mediated differences in the activation of sensory struc-
tures coding cued versus uncued target locations. This
view is similar to that of Posner (1978), in assuming that
the cue-validity effect has a sensory locus. But our ac-
count differs from that of Posner in at least one notable
respect. For example, Posner, Walker, Friedrich, and
Rafal (1984) have assumed that not only does attention
facilitate processing through sensory input pathways, but
it normally also must be oriented towards the target loca-
tion before detection can occur. Thus, when a target ap-
pears at an uncued location, subjects must disengage their
attention from the cued location, move it to the target’s
actual location, and then engage it in order to facilitate
sensory processing. Posner assumes that these three time-
extended operations—disengagement, movement, and
engagement—contribute to the latency difference observed
between targets at cued and uncued locations. This view
can accommodate the results of the second experiment
reported here on the basis of two assumptions: first, that
the disengagement operation will not be initiated on in-
valid cue trials until evidence of target occurrence at the
uncued location has accumulated to some necessary
(criterial) level; and second, that the accrual rates for evi-
dence are slower with respect to low-luminance targets,
and that therefore more time will elapse after the onset
of a low-luminance target before sufficient evidence has
accrued to initiate attentional disengagement.

In contrast, the account developed here assumes that
the cue-validity effect in luminance detection is due en-
tirely to attentionally mediated differences in activity level
between sensory structures coding inputs at cued versus
uncued spatial locations. In particular, we assume that
oriented attention facilitates the speed of luminance de-
tection, but that it is not required in order to achieve it.
We know of no adequate basis in the literature for choos-
ing between these two accounts. Although the presence
of costs and benefits might be used to argue the necessity
of oriented attention in luminance detection, this is not
persuasive. Under neutral cuing, subjects may distribute
their attention between target sites, with some efficiency
Yoss relative to more focally attended sites and some gain
relative to unattended sites, or they may orient attention
sometimes to 01e location and at other times to the other.
On trials containing an invalid cue, either tactic would
produce costs and benefits in the absence of attentional
reorientation. Qur preference for the view developed here
is based on two nonempirical considerations. First, it is
simpler. Second, according to Posner, the disengagement
of attention from a cued location normally is precipitated
by the detection of sensory activity at an uncued location.
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If this detection of activity at an uncued location can elicit
the disengagement operation, as postulated by Posner,
why should it not enable a detection response as well?
What is the necessity of attentional reorientation in lu-
minance detection?
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NOTES

1. It would be inappropriate to argue from the results of Mangun et al.
(1987) and Shulman et al. (1987) that the cue-validity effect is entirely
a product of sensory factors. The more appropriate conclusion is that
the effect is due, at least in significant part, to such factors. Whether
or not decision-level factors are also involved and, if so, what the rela-
tive contributions of sensory- and decision-level factors are, remain un-
resolved issues.
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2. Miiller and Findlay (1987) also investigated conditions in which
the task was to determine the presence or absence of a specified target
that could appear at either a cued or an uncued spatial location. In this
recognition task, performance for targets at cued and uncued locations
differed with respect to both decision criterion and sensitivity. In a related
vein, Shaw (1984) reported declines in target-recognition performance
between focused- and divided-attention conditions—declines that were
substantially greater than what might be expected on the basis of deci-
sion bias alone. Thus, the state of affairs in target recognition clearly
differs from that in luminance detection. The account of spatial cuing
developed here is not compromised by this finding, but does require
extension in order to account for it. A detailed treatment of cuing ef-
fects in target recognition extends beyond the scope of the present report.
In brief, however, we suggest the following possibility: Suppose that
a subject must judge whether a spatially arrayed set of stimuli contains
a prespecified target. Suppose that targets and distractors are not per-
fectly discriminable: that is, for instance, that targets are defined by
the feature set, f1, f2, and f3, and distractors, by the (overlapping) set,
f2, £3, and f4. Assume there exists for each target location a neural struc-
ture (target representation) that accumulates activation from a set of sen-
sory pathways, each member of which is tuned to one of the target’s
defining features, and that a recognition response occurs if the strength
of activation in one or more of these accumulators exceeds a specified
criterion value. Since targets and distractors contain common features,
assume that their strength distributions overlap within target structures.
Now assume that the function of focused attention is to contribute top-

down excitation to the set of sensory pathways (coding f1, {2, f3) that
feed the target structure at the cued location. Accordingly, the effect
of attention is to upshift both target- and distractor-strength distribu-
tions at the cued, as opposed to uncued, locations. However, the up-
shift will be greater for the target distribution than for the distractor
distribution because attention activates the f1 pathway, which is unique
to the target, as well as the f2 and f3 pathways commonly activated by
targets and distractors. Assuming a common criterion placement along
the strength continuum for inputs at cued and uncued locations (as in
our account of the luminance-detection data), this conception provides
an explanation of the Miiller and Findlay (1987) and Shaw (1984) results.
The attentionally mediated upshift of strength distributions for both targets
and distractors at the cued location will produce a measured decision
bias, and the relatively greater upshift for the target distribution will
produce an increase in measured sensitivity.

3. If one assumes a broad attentional gradient (Shulman et al., 1986),
a would be a function of the difference between cued and uncued loca-
tions in gradient height. On the assumption of a sufficiently narrow gra-
dient, a would be a function of the gradient height at the cued location.
The general logic of the account is preserved across these alternatives.
Moreover, a similar interpretation would follow if the effect of a were
multiplicative rather than additive.
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