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Spotlight failure in covert visual orienting

RAYMOND KLEIN
Dalhousie University, Halifax, Nova Scotia, Canada

and

EDWARD HANSEN
Acadia University, Wolfville, Nova Scotia, Canada

An important property of visual orienting is that the metaphorical “beam” is aimed at a loca-
tion in space, and should therefore affect performance on any stimuli that occur at attended (produc-
ing benefits) or nonattended (producing costs) locations. Three experiments are reported that
challenge this property. We used a precuing paradigm in which centrally presented arrows indi-
cated the likely location of a probable stimulus event, which the subject had to discriminate from:
an improbable event. In each experiment the probable stimulus-response pairing showed sig-
nificant cuing effects (costs + benefits), whereas the improbable stimulus-response pairing did
not. This finding suggests that covert endogenous (centrally presented cues) orienting is not well
characterized by the spotlight metaphor. Under these conditions, subjects seem to be generating

a more specific expectancy.

It is widely accepted that attention can be allocated in
visual space in accordance with instructions or expecta-
tions (Eriksen & Hoffman, 1972; Posner, 1978). The
cost/benefit paradigm has produced a large and fairly co-
herent body of data, which has led to the widespread ac-
ceptance of a *‘spotlight’’ metaphor for describing proper-
ties of covert orienting.! In this paradigm the subject
receives a cue (e.g., an arrow at fixation) that provides
information about the likely location of the imperative
stimulus. Eye position is monitored to ensure that the ob-
server maintains fixation. It is usually found that, compared
with performance in a neutral condition (‘‘+’ at fixation)
in which no expectancy is induced, performance is faster
and/or more accurate for stimuli at expected locations
(benefits) and slower and/or less accurate for stimuli at un-
expected locations (costs). We will use the phrase covert
endogenous orienting (Posner, 1980) to refer to the abil-
ity to shift attention away from fixation, which is suggested
by this pattern of results. Covert refers to the absence of
eye movements; endogenous refers to the strategic nature
of the shifts, in contrast to the reflexive (exogenous) shifts
that might be produced by contrast changes in the periph-
ery (Jonides, 1981). During the time that empirical sup-
port was accumulating for the spotlight metaphor as a
model for covert endogenous orienting (Posner, Snyder,
& Davidson, 1980), we conducted a series of studies
challenging the most basic of spotlight properties. These
will be described in their original chronology.

All of the studies reported here were presented in 1979 (Klein & Han-
sen, 1979a, 1979b). This research was supported by grants to the first
author from the Natural Sciences and Engineering Research Council
of Canada. Requests for reprints can be directed to Raymond Klein,
Department of Psychology, Dalhousie University, Halifax, NS B3H 4J1,
Canada, or Edward Hansen, Department of Psychology, Acadia Univer-
sity, Wolfville, NS BOP 1X0, Canada.
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In a previous paper, Klein (1980) proposed that when
an observer desires to attend to a spatial location with-
out eye movements, he/she gets ready to fixate the loca-
tion, and the associated oculomotor readiness enhances
processing from the to-be-fixated region. Two major
predictions from this hypothesis were clearly discon-
firmed, and the hypothesis was rejected.” One finding
from this set of studies was thought to be potentially
problematic for the spotlight metaphor. If covert orient-
ing is like a beam that illuminates the attended location,
then (1) performance on all stimuli occurring at that lo-
cation should benefit, and (2) performance on all stimuli
occurring at nonattended locations should suffer.
However, Klein (1980, Experiment 2) found that saccadic
responses to occasional stimuli were unaffected by the pre-
sumed locus of attention as directed by the central cues
and as indicated by performance on a primary, luminance
detection task. We refer to this pattern of results as ‘‘spot-
light failure.”’

Klein (1980) proposed two explanations for spotlight
failure. One explanation relied on the distinction between
two visual systems, one mediating conscious identifica-
tion of shape and form, the other mediating localization.
One explanation was that ‘‘attention operates on the con-
scious detection pathways’’ (p. 274), in which case sac-
cadic eye movement responses may be unaffected by
covert orienting. The second explanation was that *‘at-
tention may be allocated not to a position in space but to
the set of known properties of the expected stimulus’’
(p. 274). This view was tenable because the stimuli re-
quiring saccadic responses were both unlikely on an ab-
solute basis and equally likely to occur at the two loca-
tions regardless of the cue. The purpose of the series of
experiments described here was to replicate this effect and
to distinguish between these two explanations.

Copyright 1987 Psychonomic Society, Inc.
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GENERAL METHOD

Subjects

Dalhousie University graduate or undergraduate students were paid
$3/hour (minimum wage in 1979) for participating. All had normal un-
corrected vision. Subjects were assigned randomly to groups within ex-
periments and were run in three to five sessions lasting about 1 h each.
There were 6 subjects in each experiment.

Apparatus

Each subject sat with his/her head in a chinrest and faced a Tek-
tronix 604 oscilloscope with a fast phosphor at a distance of 45 cm. A
Biometrics (SGHV2) eye movement monitor was used to monitor
horizontal eye position. A response bar with a microswitch was placed
on the table in front of the subject. A DEC PDP 11-10 computer con-
trolled the experimental events.

Task and Procedure

Eye calibration was carried out immediately before and after each
block of trials. At the start of each trial, the display consisted of three
horizontally arranged dots. The middie dot was the fixation stimulus,
and the peripheral dots (4° from fixation) indicated the potential im-
perative stimulus locations. Subjects initiated each trial by depressing
(and holding down) the response bar with both forefingers when they
were fixating the central dot and ready for the trial to begin. A warning
cue appeared at fixation 500 msec later, and sampling of eye position
was initiated. The warning cue could be a plus sign or an arrow point-
ing to the right or left. One second after onset of the cue, one of three
possible events occurred: (1) one of the peripheral dots brightened (in-
creased in refresh rate) for 100 msec, (2) an asterisk was superimposed
on one of the peripheral dots for 1 sec, or (3) no stimulus was presented
(catch trial). The frequency with which the different events followed
the different cues is indicated for each experiment in Table 1. Subjects
were allowed 1 sec to respond to the imperative stimuli.

There were two types of response: manual, which involved releasing
the response bar in response to the brightness increment, and saccadic,
which involved shifting gaze to the left or right target location follow-
ing the appearance of an asterisk. The correct saccade direction was
fixed for a given subject, and did not depend on the location of the aster-
isk. Following each trial, the experimenter (in an adjoining room) was
informed about the type of trial and the subject’s performance, and was
shown a recording of the eye position. Feedback indicated a variety of
possible errors (TOO SLOW-—no response within 1 sec; TOO FAST—
response before stimulus or on catch trial;, HAND ERROR—manual
response when saccade was required; EYE ERROR—saccadic response
when manual was required or saccadic response in wrong direction; EYE
SHIFT ERROR—sthift in eye position greater than .5° during the warning
interval), or, following errorless trials, reaction time (RT) feedback or
the word CORRECT was displayed. Subjects were informed of the likeli-

Table 1
Cue-Stimulus Frequencies for Each Experiment
Manual Saccadic Catch
Cue L R L R Trial
Experiment 1 (3)
+ 20 20 10 10 8
- 36 4 16 4 8
- 4 36 4 16 8
Experiment 2 (2)
+ 15 15 15 15 8
- 24 6 24 6 8
- 6 24 6 24 8
Experiment 3 (3)
+ 4 4 16 16 4
- 4 4 28 4 4
- 4 4 4 28 4

Note—Number of experimental blocks entering into the analyses are
shown in parentheses. L=left. R=right.

hood of the events for each block of trials and of how these likelihoods
were affected by the presentation of the different cues (Table 1), and
they were urged to shift attention in response to cues without moving
their eyes. We use the terms valid and invalid to refer to trials in which
stimuli occurred at the location indicated or not indicated by the arrow,
respectively. Trials with a plus sign as the cue are referred to as neutral.

On Day 1, subjects were given practice on each task separately (about
60 trials each, with the same cue-stimulus probabilities as they would
experience when the tasks were combined), followed by a practice block
in which the tasks were combined. On the remaining days, subjects
received practice (combined for Experiments 1 and 2, separate for Ex-
periment 3) prior to the experimental block. If error rates or eye shift
errors were very high in a particular session, the subject was asked to
repeat that session. The data from Day 1, repeated sessions, and all prac-
tice trials were excluded from the analyses.

EXPERIMENT 1

The most important difference between this study and
Klein’s (1980, Experiment 2) is that in Klein’s the cues
were uninformative about the location of the unlikely
stimuli requiring saccadic responses, whereas in the
present study the cues carried probabilistic information
about the locations of likely and unlikely stimuli (see Ta-
ble 1). In addition, in Klein’s study half of the subjects
moved toward an asterisk and half moved away; that is,
for the saccadic responses subjects made a choice on the
basis of location of the stimulus. In the present study half
of the subjects moved to the right and half moved to the
left, regardiess of the location of the asterisk. The reason
for this change was to make the saccadic component of
the task more equivalent to the manual luminance detec-
tion component, which also involved only a single
response. RT feedback was provided only for the manual
task.

Results and Discussion

Mean RT for the saccadic and manual responses are
shown in Figure la. Analyses of variance (ANOVAs) re-
vealed a significant effect of expectancy on the manual
RTs [F(2,8) = 22.1, p < .001], with roughly equal costs
and benefits, whereas the effect of expectancy on saccadic
responses was not significant (F < 1). No other effect
in either analysis was significant. Analysis of manual
response accuracy revealed no significant effects;
however, in the analysis of saccadic accuracy, there was
a significant effect of prime condition [F(2,8) = 15.4,
p < .001]. More errors were made in the valid (14.1)
than in the invalid condition (5.6), and errors in the neu-

“tral condition fell in the middle (8.9).

The changes made in this study did not alter the pat-
tern of results obtained by Klein (1980, Experiment 2).
The spotlight failure effect was observed even though the
cues were now informative for the saccadic task and the
choice component of that task had been eliminated.

EXPERIMENT 2

The results of Experiment 1 seem to support the two-
visual-system notion that saccadic responses may not be
sensitive to attention. However, two remaining differences
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Figure 1. Reaction time results from the three experiments: (a) Ex-
periment 1 (manual likely, saccadic unlikely), (b) Experiment 2
(manual and saccadic equally likely), (c) Experiment 3 (saccadic
likely, manual unlikely). In all panels, valid (V) refers to stimuli
occurring on the side indicated by an arrow cue, invalid (I) to stimuli
occurring on the opposite side, and neutral (N) to trials with a “+”
cue. See Table 1 for cue-event frequencies.

between the saccadic and manual tasks might be respon-
sible: (1) stimulus-response probability, which was lower
for the saccadic task than for the manual, and (2) the fact
that RT feedback was provided for the manual but not
the saccadic task. Both of these differences were elimi-
nated in Experiment 2.

Results and Discussion

Mean RT for the saccadic and manual responses are
shown in Figure 1b. ANOVAs revealed a significant ef-
fect of expectancy on the manual RTs [F(2,8) = 11.65,
p < .005] but not on the saccadic responses (F < 1).
In the accuracy ANOVAs the effect of prime condition
was not significant for either the saccadic or the manual
task. Once again, we have obtained evidence of covert
orienting only for stimuli requiring a manual response;
those requiring a saccadic response seem to be insensi-
tive to the expectancy manipulation.

EXPERIMENT 3

The view that eye movement responses may not show
the effects of attentional allocation seems strongly indi-
cated by our results. A striking way to demonstrate this
would be to make the saccadic task likely and primed,
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and the manual task unlikely and unprimed.* Subjects may
orient their attention in response to the conditional prob-
ability information the cues provide about the saccadic
stimuli, but these stimuli will show no effects; only the
manual stimuli, for which the cues are uninformative, will
show costs and benefits. Thus, the major differences be-
tween this and the preceding experiments are that the sac-
cadic stimuli/responses are the more likely, and that the
cues have no significance for the unlikely (manual)
stimuli/responses.

Results and Discussion

Mean RT for the saccadic and manual responses are
shown in Figure 1c. ANOVASs revealed a significant ef-
fect of expectancy with the saccadic responses [F(2,8) =
9.07, p < .001] and no effect of expectancy with manual
responses (F < 1). The analysis of accuracy did not re-
veal any effects that contradict these trends. Contrary to
the prediction based on the two-visual-system notion, sac-
cadic responses did show expectancy effects. Spotlight
failure is obtained with the improbable and uncued manual
detection stimuli; the intermixed stimuli requiring saccadic
responses show typical effects of attention.

GENERAL DISCUSSION

Our studies produced a pattern of results that is incon-
sistent with a fundamental property of visual orienting that
is implied by a spotlight metaphor and that is assumed
by many investigators: performance with some stimuli is
affected by whether they occur at what appears to be an
attended or unattended location, whereas performance
with other stimuli is not so affected. This pattern is sum-
marized in Table 2.

By comparing the patterns from Klein (1980, Experi-
ment 2) and from Experiment 3 of this study, it can be
seen that whether the response is manual or saccadic and
whether the stimulus is brief or long is of little conse-
quence for the spotlight failure effect.” In both cases, the
unlikely stimulus whose location is not predicted by the
cue shows evidence of spotlight failure. The results of Ex-
periments 1 and 2 seem to indicate that it is not the valid-
ity of the cues for these unlikely stimulus-response pair-
ings that is important, and subsequent work (Hansen,
1987; Hansen & Klein, 1983) supports this claim. This
work, which used one or two different manual responses,

Table 2
Summary of Results from Manual/Saccadic Choice Experiments

Stimulus Response Stimulus/Response Cue Cost +

Experiment Form Duration Type Likelihood Informative? Benefit
Klein (1980) Bright 100 msec Manual 80 Yes Yes
* 1000 msec Saccadic 20 No No
El Bright 100 msec Manual 67 Yes Yes
* 1000 msec Saccadic 33 Yes No
E2 Bright 100 msec Manual 50 Yes Yes
* 1000 msec Saccadic 50 Yes No
E3 Bright 100 msec Manual 20 No No
* 1000 msec Saccadic 80 Yes Yes
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demonstrates that the critical factor for observing spot-
light failure is an unlikely stimulus-response combina-
tion. An unlikely stimulus that must be discriminated from
a likely one may not show the effects of attention. This
pattern is consistent with an explanation in terms of an
attentional mechanism that is sensitive to the conjunction
of attributes of the likely stimulus. For this mechanism,
location does not have the special status that is implied
by the spotlight metaphor. A related explanation might
involve the setting of decision criteria in accordance with
the relative likelihood that a particular stimulus may oc-
cur in one or the other location (e.g., Shaw, 1984). This
explanation has difficulty dealing with the failure to find
cuing effects for a stimulus-response pair when the cues
are informative about the location of that stimulus event
(Hansen, 1987; Experiments 1 and 2 presented here).
In conclusion, four separate studies have observed a
failure of the hypothetical spotlight to illuminate the
attended location in a choice task situation. Subsequent
work has demonstrated that this effect is not due to the
combination of manual and saccadic responses, which
might be regarded as unique. Thus, covert orienting of
visual attention in response to centrally presented cues is
not well characterized by a spotlight that is pointed at the
cued location. ® Instead, we believe that subjects generate
an expectancy for (or activate the pathway representing)
the conjunction of attributes of the likely event. Further
work will be necessary to determine the boundary condi-
tions for this spotlight failure. For example, would our
pattern of results obtain if peripheral cues were used to
elicit exogenous shifts of attention? We think not. There
is good reason to believe that central and peripheral cues
do not orient the same mechanisms (Briand & Klein,
1987), and preliminary data from our laboratory suggest
that spotlight failure is not observed when peripheral cues
are used.
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NOTES

1. Although other paradigms (LaBerge, 1983; Podgomy & Shepard,
1983; Reeves & Sperling, 1986) have been used to study the distribu-
tion of visuo-spatial attention, it is not clear whether they are exploring
the same mechanisms of attention that are elicited in the cost/benefit
paradigm (Klein & Briand, 1986).

2. In light of recent findings (Shepard, Findlay, & Hockey, 1986),
a reexamination of this issue may be appropriate.

3. For both responses, RTs were faster when the target stimulus oc-
curred at the location to be fixated if an asterisk appeared {F(1,4) =
16.2, p < .025, for manual; F(1,4) = 8., p < .05, for saccadic]. This
finding contradicts Klein’s (1980) Experiment 1, and is consistent with
the notion that when one prepares to make an eye movement to a loca-
tion, stimuli there are detected more efficiently. However, since this
effect is absent in Experiments 1 and 3, we do not want to place too
much emphasis on it.

4. We thank John Barresi for suggesting this experiment.

5. By testing saccadic and manual responses separately using bright-
ness increments that lasted either 100 msec or 1,000 msec, we subse-
quently confirmed this conclusion in a single task situation. The cuing
effect (invalid minus valid) was larger with saccadic (38 msec) than with
manual (25 msec) responses and was unaffected by stimulus duration.

6. Recently, Lambert (1987; Lambert & Hockey, 1986) drew a similar
conclusion. One important difference between his studies and ours is
that our subjects were precued to attend a particular location, whereas
his subjects were precued to expect a particular shape, which, if
presented, was more likely to occur at one location than the other. There-
fore, our demonstration of ‘‘spotlight failure’’ is somewhat more damag-
ing to the spotlight metaphor since, unlike Lambert’s, our attentional
manipulation is explicitly spatial and the same as that used in much of
the covert visual orienting literature.

(Manuscript received for publication April 13, 1987.)
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