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On analog movements of visual attention
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A great deal of evidence has accumulated over the last
20 years or so suggesting that decisions concerning the
contents of a visual .scene can be enhanced with the as-
sistance of advance information about the spatial location
or locations in the scene that are likely to contain task-
relevant information. For example, Eriksen and his col-
leagues have demonstrated that reaction time to identify
a target letter in visual search is improved when a spatial
cue is provided about 200 msec before the onset of the
search display (Colegate, Hoffman, & Eriksen, 1973;
Eriksen & Hoffman, 1972, 1973, 1974). Eriksen and
Hoffman (1972) suggested that the spatial extent of the
enhancement is limited to about 1 o of visual angle (see
also Eriksen & St..lames, 1986). Posner and his col-
leagues have also provided evidence that attention can be
spatially directed in response to an appropriately timed
cue. Reaction time in a dot-detection task is enhanced
when the dot appears in an attended location and is slowed
when it appears in an unattended location (e.g., Posner,
1980; Posner, Snyder, & Davidson, 1980). Jonides (1981)
demonstrated that the effectiveness of spatial cues in focus-
ing attention varies ’with their location: Peripheral cues
apparently capture attention automatically, whereas cen-
tral cues require effortful allocation procedures. LaBerge
(1983) and Downing and Pinker (1985) showed that when
subjects focus attention on a restricted spatial location,
reaction time to objects at unattended locations increases
with their distance from the focus. There is also evidence
that attention is more efficiently applied to objects that
are physically proximal to one another (e.g., Hoffman &
Nelson, 1981; Kahneman & Henik, 1981; Podgorny &
Shepard, 1983; Posner et al., 1980).

A quite natural heuristic for this body of results is that
the application of spatial attention is analogous to shin-
ing a spotlight on the visual field. Objects that fall under
the "spotlight of attention" can be identified or detected
more rapidly than other objects. This sort of analogy has
been advocated by many writers (e.g., Broadbent, 1982,
p. 271; Downing & Pinker, 1985; Eriksen & Hoffman,
1973; Eriksen & St. James, 1986; Eriksen & Yeh, 1985;
LaBerge, 1983; Posner, 1980; Posner, Cohen, & Rafal,
1982, p. 188; Posner et al., 1980, p. 172; Shulman,
Remington, & McLean, 1979; Tsal, 1983).1 Only a few
theorists (e.g., Duncan, 1981) question the viability of
the spotlight metaphor. Certainly the spotlight metaphor
is held with varying degrees of concreteness and differ-
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ent writers have had different specific properties in mind
when referring to an attentional spotlight. However, the
ubiquity of the analogy reflects its popularity. This is not
surprising, since it is an intuitively appealing and par-
simonious mechanism that appears to encompass many
of the documented phenomena of selective attention in a
straightforward manner.

Two main properties of attention as spotlight are im-
plicit in the metaphor. The first is that attention is (or can
be) limited in spatial extent. The evidence for this property
is compelling (see the references cited above). The sec-
ond property of a spotlight, which is often carried along
with the first, is continuous or analog movement along
surfaces. If attention is directed to a location in space,
and a new location requires attention, then the attentional
spotlight moves in such a way that intermediate spatial
locations are traversed during the reallocation. Several
investigators have explicitly embraced the movement
property in their treatments (e.g., Posner, 1980; Posner
et al., 1980; Remington & Pierce, 1984; Shulman et al.,
1979; Tsal, 1983). The purpose of this note is to criti-
cally review the two major sources of evidence for ana-
log movements of attention (Tsal, 1983; Shulman et al.,
1979), and to argue that this evidence is tenuous at best.

The logic of Tsal’s (1983) experiment rests on the no-
tion that a spotlight of attention would have a constant
velocity and therefore would take more time to move
longer distances. If this is true, Tsal reasoned, then reac-
tion time to discriminate an object at successively more
distant cued locations should be maximally enhanced at
successively later moments in time after an appropriate
spatial cue is presented. The subjects in Tsal’s experiments
rapidly discriminated an X from an O presented 4°, 8°,
or 12° in the right or left visual periphery. At various
moments before the target letter appeared, a dot was
flashed at the location that would contain the target. Sub-
jects were to shift their attention (while maintaining fixa-
tion) to the cued location as rapidly as possible in antici-
pation of target presentation. Reaction time to targets in
each location declined linearly to an asymptote. The
asymptote was achieved at successively later moments in
time after the cue appeared at the 4°, 8°, and 12° dis-
tances. Tsal took this as strong evidence that the spotlight
of attention moves at a constant velocity over spatial lo-
cations.

Two problems with this conclusion are evident. First,
the data are quite consistent with a model in which atten-
tion is reallocated abruptly, rather than continuously, from
one location to another. According to such a model, at-
tention is allocated to the cued location at some stochasti-
cally dependent moment in time after the cue appears. On
trials in which the target appears before attention is real-
located, reaction time is slow. On trials in which the tar-
get appears after attention is reallocated, reaction time is
fast. Overall reaction time will be a mixture of slow and
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fast trials. As the cuing interval increases, the proportion
of trials on which reaction time is fast increases, propor-
tionately increasing the mean reaction time in that condi-
tion. Differences in the moment at which asymptote was
achieved in Tsal’s (1983) experiment for the three eccen-
tricities (and hence differences in the moment at which
the discrete reallocation of attention occurred) is accounted
for under this mode! by the differences in the time to per-
ceive the cues at each location (Tsal’s control experiment
notwithstanding). Tsal’s data cannot discriminate this dis-
crete model from the one he asserts his data support.

The second difficulty with Tsal’s (1983) conclusion con-
cerns the interpretation of his time-course data. As several
investigators have shown (e.g., Bertelson, 1967; Colegate
et at., 1973: Eriksen & Hoffman, 1974; Posner & Boies,
1971; Posner et at., 1980), when a warning signal of any
kind precedes a display, general arousal or alertness ef-
fects frequently arise that are quite independent of
whatever specific effects (spatial or otherwise) accompany
the cue. Such effects can sometimes be estimated by the
inclusion of a "neutral" cue that produces only general
alertness effects, and no specific effects. Tsal did not in-
clude a neutral condition.

Remington and Pierce (1984) provided data that speak
to this point. Their subjects detected the onset of a dot
occurring 2° or 10° to the right or left of fixation. In Ex-
periment 1, the side likely to contain the target dot was
cued by an arrow preceding target onset by 16-600 msec.
Experiment 2 was the same except that the stimulus-onset
asynchronies (SOAs) were slightly different (50-550
msec) and one-third of the cues were spatially neutral
crosses. In both experiments, Remington and Pierce found
pronounced effects of cue-target SOA on reaction time
under the informative cues, as did Tsal (1983). However,
they also found such effects under the neutral cues of Ex-
periment 2. Remington and Pierce concluded, while tak-
ing the general alerting effect into account, that asymp-
totic benefits of the cue occurred at constant moments in
time after cue onset, regardless of distance.

What is important for present purposes is that reaction
times under valid cues cannot be sensibly interpreted
without reference to the time-course function observed
under the neutral cues. To assume that the SOA effects
produced by valid cues are due only to spatial shifts of
attention is simply inappropriate. Tsal’s failure to evalu-
ate the general alerting effects of his cues makes interpre-
tation of his time-course functions difficult at best. Cer-
tainly his assumption that there were no general alerting
effects is questionable.

A second study in support of an analog attentional
mechanism has also been quite influential. Shulman et al.
(1979) tested the following prediction of the analog move-
ment hypothesis: A spotlight, as it moves from point A
to point B, must traverse (and thereby illuminate) every,
intermediate point before B is reached. Thus, if visual at-
tention is accurately described as moving in an analog
fashion, like a spotlight, evidence of its application at

points between the starting and destination locations
should be observed.

Subjects in the Shulman el at. (1979) study pressed a
single key at the onset of a target light in one of four po-
sitions (8° or ! 8° to the right or left of fixation). On each
trial, an arrow pointing to the right or left indicated that
the far light on the indicated side was likely to be the tar-
get. The expected position was illuminated on 70 % of the
trials on which a light appeared, and each of the other
three positions was illuminated on 10% of the trials. The
cue arrow appeared 50-500 msec before the onset of the
target light. Eye position was monitored to ensure con-
tinuous fixation. The 18° position on the cued side, which
had a 70 % chance of being illuminated, was ret;erred to
as the far expected position. Similarly, the other three po-
sitions were referred to as the near expected, near unex-
pected, and far unexpected positions.

According to Shulman et at. (1979), the analog move-
ment hypothesis predicts that performance on trials in
which the target appears in the near expected position
should improve and then decline relative to peril wmance
on trials in which the target appears at the far expected
position. According to the hypothesis, the attention spot-
light will move from fixation at cue onset continuously
out toward the far expected position, necessarily passing
over the near expected position as it moves. Because the
near expected position is nearer the fovea, where acuity
is better, performance is expected to be better overall
there; what is crucial, however, is the improvement and
then decline in performance at the near expected position
relative to performance at the far expected posit~on. The
measure of interest, then, is near expected RT subtracted
from far expected RT as a function of SOA; this l~nction
should be single-peaked, so long as target eccentricity and
spotlight velocity are encompassed by the range o f chosen
SOAs.

Models
In order to interpret the results of Shulman et al.’s

(1979) experiment, we must specify how the attentional
spotlight affects behavior. There are at least three, models
of the dynamics of an analog attentional spotlight.

Model 1. We may assume that the attention spotlight
must be directed at the location occupied by the target
event before that event can be detected. This would re-
quire that reaction time be prolonged by the time taken
to move attention to the target event. This model is quite
implausible, of course, inasmuch as it begs the question
of how the target is detected when the target occupies an
unexpected location or when there are no cues.

Model 2. We can assume that the spotlight of attention
enhances the extraction of information at the location to
which it is directed, but that otherwise it has no effect
on performance. This is a spotlight with a sharp focus.
When the spotlight happens to fall on a target event, reac-
tion times will be faster than on trials when attention is
directed elsewhere. At long SOAs, the spotlight is more
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likely to have achieved the target location by the time the
target appears there, and therefore is more likely to en-
hance reaction times, thus leading to an SOA effect.

Model 3. We can generalize Model 2 by adding a gra-
dient around the current focus of attention, analogous to
the penumbra of a physical spotlight. This is apparently
the model Shulman et al. (1979) had in mind when they
asserted that "reaction time tends to be a direct function
of the distance of the target light from the present focus
of attention" (p. 525, Footnote 1), although they provided
no data to back this claim. This model allows for attenu-
ated enhancement of targets falling in the penumbra of
attention, with the magnitude of attenuation perhaps
changing dynamically with time.

I now evaluate the analog movement hypothesis, as in-
stantiated in these models, in light of the results of Shul-
man et al. (1979). In that experiment, the difference in
reaction time between the near expected and the far ex-
pected positions did exhibit an increase and then a decrease
with SOA. This finding is consistent with all three models
outlined above, and Shulman et al. concluded that the
analog movement hypothesis was supported. However,
several difficulties with this conclusion arise when other
aspects of the data are examined.

The data reveal that latencies to targets occupying the
near unexpected and the far expected positions were nearly
identical for SOAs of up to 350 msec (all differences were
less than 8 msec). Yet according to the hypothesis, the
current focus of attention during this period moved more
than 8° closer to the far expected position and more than
8 ° farther from the near unexpected position. This is not
consistent with Model 1, which predicts that reaction
times to targets in the near unexpected position should
increase relative to those in the far expected position as
SOA increases, due to the relative differences in the
amount of time needed to move the attentional spotlight
to the target location.

According to Model 2, latencies to a target in the near
expected position ought to be very similar to those for
the near unexpected position when the spotlight is not
traversing the near expected locatien. This presumably
is the case when there is a relative convergence between
the near expected and far expected functions. This predic-
tion was not supported by the data, however; latencies
to targets on the expected side were always faster than
to those on the unexpected side, even when retinal ec-
centricity was held constant. The spotlight hypothesis
therefore also fails under Model 2.

Finally, according to Model 3, a gradual improvement
in responses to targets occupying the positions the spot-
light is approaching should be observed, along with a rela-
tive decline in responses to targets occupying the posi-
tions the spotlight is moving away from. The data also
fail to support this model, since the latencies to the near
unexpected target (from which attention is being with-
drawn) and the far expected target (toward which atten-

tion is moving) are nearly identical to an SOA of
350 msec, as noted above.

Although some of Shulman et al.’s (1979) results are
consistent with the predictions of the analog movement
hypothesis, other aspects of the results (particularly those
associated with responses to targets on the unexpected
side) are inconsistent with equally important predictions
of the hypothesis. The pattern of results from Shulman
et al. ’s experiment are complex and interesting; however,
they cannot be accounted for by a simple mechanism in-
volving analog movements of an attentional spotlight.

Summary
The conclusions of Tsal (1983) and of Shulman et al.

(1979) concerning the dynamics of attentional shifts can
be questioned on several counts. Tsal’s data are con-
founded with generalized alertness effects, and therefore
cannot be accounted for by appealing only to the move-
ment of an attentional spotlight. Shulman et al.’s data are
ambiguous with respect to the analog movement hypothe-
sis. Models of visual attention allocation that postulate an
attentional spotlight mechanism that moves continuously
across surfaces are neither supported nor disconfirmed
by these results. Instead, Tsal’s and Shulman et al.’s data
are simply inconclusive about whether attention shifts have
continuous or discrete dynamics.

Vroon (1987) has pointed out that "metaphors are
neither right nor wrong; they are more or less fruiO~ul.
Theories disappear when their predictions turn out to be
false; metaphors disappear because a new one promises
to answer more questions" (p. 398). We must keep in
mind that the idea of an "attentional spotlight" is not a
theory, but a heuristic metaphor. Until a better metaphor
is advanced, this one will probably remain with us.
Nevertheless, it remains to be seen how fruitful it will
be in furthering attentional theory.
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NOTE

1 Enksen and St. James (1986) suggested a "zoom lens" mode~ that
emphastzes the variable size of the region of the display that ~s enhanced,
rather than its movement properties. In some ways, flus analogy ~s prefer-
able to the "spothght" analogy because of this difference in emphasis.
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