Perception & Psychophysics
1996, 58 (2), 224-249

Attentional tracking and inhibition
of return in dynamic displays

HERMANN J. MULLER and ADRIAN voN MUHLENEN
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Seven experiments were conducted to replicate, and extend, a finding by Tipper, Driver, and Weaver
(1991). They reported evidence for dynamic, object-centered inhibition of return (IOR)—that is, cod-
ing of inhibition following a peripheral cue in coordinates that move with the previously cued object,
providing a dynamic bias against reattending to that object. The present experiments used a variation
of Posner and Cohen’s (1984) spatial cuing paradigm. Subjects responded manually (simple reaction
time) to a luminance increment in one of two peripheral boxes, one of which had previously been cued
(brightened). Experiments 1, 2, and 5 replicated the standard (environmental) IOR effect when the dis-
play was stationary. IOR was more marked for right-side targets than for left-side targets and tended to
be affected by the compatibility between response hand and (cued) target position. However, when the
boxes moved around the display center (Experiments 1, 2, 3, 4, 6, and 7), contrary to Tipper et al., there
was no evidence of dynamic, object-centered IOR. Rather, there was strong evidence of attentive track-
ing of whatever box happened to move from left to right, irrespective of the direction of its motion (clock-
wise or counterclockwise) and whether it was more likely to contain the target than the other (right-
to-left moving) box. There was a tendency for left-to-right tracking to be more marked with right-hand
responses, pointing to the existence of a dynamic stimulus-response compatibility effect. The implica-
tions of the present findings for the role of attentive tracking and IOR in dynamic scenes are discussed.

Many everyday visual inspection and search tasks in-
volve the serial scrutiny of the environment until a target
(e.g., a “fault”) is detected. Such everyday tasks are simi-
lar to visual search experiments conducted in the psycho-
logical laboratory. In the laboratory, subjects typically search
for a target object among varying numbers of nontarget
objects (the display size) and their reaction times (RTs) to
detecting the target are measured. Targets that are difficult
to detect give rise to linearly increasing search RT/display
size functions. Most recent theories of visual search (e.g.,
Cave & Wolfe, 1990; Treisman, 1988; Treisman & Gelade,
1980) take such functions to be indicative of a spatially se-
rial, item-by-item search process involving “focal atten-
tion,” where the shifts of focal attention may be entirely
covert (i.e., not accompanied by overt eye, head, and/or body
movements). One question of importance to all theories of
visual search! and inspection is: How does the serial scan-
ning mechanism keep track of where focal attention has
already been so that it does not unnecessarily return to the
same location or object?
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Inhibition of Return

Empirical evidence pertinent to this question comes
from Posner and Cohen’s (1984) inhibition of return (IOR)
effect. Posner and Cohen observed that it is “harder” (i.e.,
it takes more time) to redirect attention to a recently at-
tended location, or to an object at that location, than it is
to direct attention to an unattended location. In other words,
shortly after having attended to a location or object, there
is a momentary bias against reattending to it. This bias,
which is manifest with both covert and overt orienting of
attention (the latter involving eye movements; Posner, Rafal,
Choate, & Vaughan, 1985), modulates spatial selectivity
by favoring novel locations in visual scanning.

Various paradigms have been used to investigate this ef-
fect (e.g., Klein, 1988; Posner & Cohen, 1984). Posner and
Cohen (1984) used a spatial cuing paradigm. Subjects fix-
ated at the center of a central box. A trial began with the
brightening of the outline of one of the two peripheral boxes
(to the left and right) selected at random (the cue). Then a
luminance increment target appeared at the center of a box
at a variable time (stimulus onset asynchrony, SOA) after
the onset of the peripheral cue. The target was most likely
to be presented in the central box, but it could also appear
on either side. Subjects were instructed to respond to the
target as quickly as possible by pressing a response key
(“simple RT” procedure). Posner and Cohen found that the
peripheral cue produced an RT advantage for targets pre-
sented at the cued position within the first 150 msec after
cue onset (i.e., the cue summoned attention). This facilita-
tion was then, after about 300 msec, replaced by an RT dis-
advantage for targets on the cued side relative to the un-
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cued side. This inhibition was particularly marked when
attention had been summoned to the center by the bright-
ening of the central box (however, note that, according to
Maylor & Hockey, 1985, attention need not be withdrawn
for IOR to occur; see also Gibson & Egeth, 1994a).

However, the IOR effect is obtained only under special
conditions. In one of their experiments, Posner and Cohen
(1984) used a central (rather than a peripheral) cue to di-
rect attention to the likely (peripheral) target location (the
cue was an arrow presented above the central fixation box).
The results showed facilitation following the arrow cue,
but there was no inhibition following the return of atten-
tion to the center (see also Rafal, Calabresi, Brennan, &
Sciolto, 1989). That is, the IOR effect is generally only ob-
tained with peripheral cues. This suggests that IOR is linked
to stimulus-driven attention systems, probably located in
the midbrain and involved in the programming of sac-
cadic eye movements (see also Posner et al., 1985). The lat-
ter is consistent with a recent report by Rafal et al. (1989)
that IOR can be obtained with central cues if subjects ac-
tively prepare an eye movement to the cued location,
which is then canceled.

One further issue concerns whether or not prior orient-
ing of attention to the peripheral cue is a necessary condi-
tion for IOR to occur. Posner and Cohen (1984) argued that
prior orienting was not necessary. They found that IOR
was not reduced when two locations were peripherally cued
simultaneously (double cue) relative to when only one lo-
cation was cued (single cue). Posner and Cohen assumed
that two locations cannot be oriented to simultaneously
and so concluded that prior orienting was not necessary
for IOR to occur. However, Posner and Cohen’s critical as-
sumption may be questionable (e.g., Castiello & Umilta,
1992; Miiller, 1995). Also, contrary to Posner and Cohen,
Maylor (1985) did find a decrement in IOR for double-cue
trials relative to single-cue trials. Furthermore, she ob-
served that, when subjects tracked a central spot of light
that could move unpredictably at the time that a peripheral
cue was presented; facilitation for a peripheral target was
reduced and thz/edjvas no IOR. In other words, when per-
formance of a secondary task interfered with orienting to
the cue, both' facilitation and inhibition were affected.
Findings such as these argue that prior orienting is a pre-
requisite for IOR to occur.

Coordinates of the IOR Effect

One question of major interest concerns the coordinate
(or frame-of-reference) system in which the IOR effect is
coded. Maylor and Hockey (1985) attempted to decide
whether IOR is coded in “retinal” or “environmental” co-
ordinates. They required their subjects to make a vertical
(downward) eye movement after the presentation of a pe-
ripheral cue but before the presentation of the target. They
reasoned that, if IOR is coded in environmental coordi-
nates, the eye movement should leave targets at the origi-
nally stimulated (cued) location most affected. However,
if IOR is coded in retinal coordinates, only targets that ap-
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pear at the retinal location of the cue (i.e., a changed en-
vironmental location after the eye movement) ought to be
inhibited. Maylor and Hockey’s findings were consistent
with environmental coding of the IOR effect (in agree-
ment with Posner & Cohen, 1984).

Tipper, Driver, and Weaver (1991) carried this line of in-
quiry further. They pointed out that tagging fixed envi-
ronmental coordinates is not a satisfactory solution to cop-
ing with a dynamic visual environment in which objects’
locations may continually change (due to their move-
ment). A more satisfactory solution would be an inhibitory
tagging mechanism that operates in dynamic, object-
centered coordinates. To investigate object-centered IOR,
they adapted Posner and Cohen’s (1984) basic paradigm.
There were three boxes: a central (fixation) box and two
peripheral boxes. The innovation of Tipper et al. was to
make the outer boxes move around the center in a clock-
wise direction. Movement started after the cue—a brief
dimming of, say, the left box (cues were spatially uninfor-
mative as to the target box). Tipper et al. reported that IOR
moved with the cued box. For example, 430 msec after
(left) cue onset, the cued box had moved to the upper po-
sition and the uncued box to the lower position. RTs at that
SOA were slower to targets in the cued box (upper posi-
tion) than to targets in the uncued box (lower position). Six
hundred ninety-five milliseconds after (left) cue onset,
the cued box had moved to the right position and the un-
cued box to the left position. RTs at that SOA were slower
to targets in the cued box (right position) than to targets in
the uncued box (left position), although the uncued box
occupied the physical location of the preceding cue. Tipper
et al. took this finding as evidence for dynamic, object-
centered coding of the IOR effect.

The existence of dynamic, object-centered IOR was re-
cently confirmed by Tipper, Weaver, Jerreat, and Burak
(1994). Their Experiments 1-3 replicated the basic effect
of Tipper et al. (1991). Interestingly, though, Tipper et al.
(1994) found no RT difference between the cued box and
the uncued box after a 180° rotation (in contrast to Exper-
iments 2 and 3 of Tipper et al., 1991, which showed no
evidence of reduced dynamic, object-centered IOR after
semicircular rotations). For example, in their Experiment 3,
the starting positions of the boxes varied randomly around
the circle (i.e., there were also nonhorizontal alignments),
and the rotation could be clockwise or counterclockwise.
Inhibition was —11 msec at 90° rotation and nonexistent
(+3 msec) at 180° rotation.? Tipper et al. (1994) argued that,
with a 180° rotation, IOR to the environmental location of
the cue (e.g., left) is counterbalanced by object-centered
IOR to the cued box (right)}—the assumption being that
environmental IOR and dynamic, object-centered IOR are
separable components of the IOR effect.

In their Experiments 4 and 5, Tipper et al. (1994) at-
tempted to dissociate environmental IOR from object-
centered IOR. Displays contained four equidistant
(different-colored) boxes and the (clockwise) rotation was
90°. RT's were measured to (1) targets in two uncued boxes
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(that “ahead of ” and that “across” the cued box, (2) targets
in the box “behind” the cued box (which, after the 90° ro-
tation, occupied the environmental position of the cue),
and (3) targets in the cued box. The “ahead + across box”
RTs were compared with the “behind box” and “cued box”
RTs to estimate the environmental and object-centered
IOR effects. Both were found to be of about 15 msec.

In their Experiment 6, Tipper et al. (1994) attempted to
show that object-centered IOR is associated only with ob-
jects visible at the time of the cue. There were two static
boxes and two different-colored boxes that moved. At the
time of the cue, the moving boxes could be occluded by
the static boxes (“static near” condition}) or the static boxes
could be occluded by the moving boxes (“moving near”
condition). In the “static near” condition, there was inhi-
bition of —11 msec for the cued (“static”) box but no ef-
fect for the moving box that was occluded by the cued sta-
tic box at the time of the cue. In contrast, in the “moving
near” condition, there was (significant) inhibition of
—6 msec for both the cued moving box (visible at the time
of the cue) and the static box occluded by the cued mov-
ing box at the time of the cue.

Evidence for dynamic, object-centered IOR was also
reported by Abrams and Dobkin (1994). They found that,
after a quarter-circle movement of a peripherally cued
box, the latency of saccadic eye movements to that box
showed evidence of IOR only if the imperative signal for
making the saccade occurred inside the cued box, but not
if it occurred in the display center. Abrams and Dobkin
concluded that detection of the imperative stimulus in the
cued box is affected by dynamic, object-centered IOR but
not the eye movement to that box as such.’

Overview of the Present Experiments

The present experiments were designed to reinvestigate
the dynamic, object-centered IOR effect, taking the ex-
periments of Tipper et al. (1991) as their starting point.*
Since this effect was reliably obtained in previous work
(e.g., Abrams & Dobkin, 1994; Tipper et al., 1991; Tipper
et al., 1994), it seemed justifiable to make some modifi-
cations to the basic paradigm of Tipper et al. (1991).

One modification concerned the use of short cue—target
SOAs and cues that were spatially informative as to the
likely target box prior to the center brightening to demon-
strate facilitation for the cued box preceding IOR. Tipper
etal. (1991; Tipper et al., 1994) used only long SOAs and
so could not tell whether or not prior orienting of attention
to the cued box is a necessary condition for dynamic, object-
centered IOR to occur (see the debate between Posner &
Cohen, 1984, and Maylor, 1985, in relation to environ-
mental IOR). One related question concerned whether the
early attentive facilitation would be dynamic (i.e., whether
it would move with the cued object) and at what time it
would be replaced by dynamic inhibition. To observe fa-
cilitation indicative of orienting to cue, the present exper-
iments used short cue-target SOAs, and (in Experiments
2-6) the cue was made spatially informative before the
center brightening. To observe dynamic facilitation, the

movement of the peripheral boxes started immediately
after the offset of the peripheral cue and the onset of the
central brightening was delayed.

Furthermore, the present experiments presented a high
proportion of central targets to provide an incentive for
subjects to maintain eye fixation, and fixation was directly
monitored in Experiment 4. Without effective control, it
cannot be ruled out that dynamic, object-centered IOR ef-
fects are contaminated by eye movements (e.g., a saccade
to the left-cued location at some intermediate SOAs would
produce an RT disadvantage for targets to the right). Tip-
peretal. (1991; Tipper et al., 1994) provided no central tar-
gets, but Tipper et al. (1994) replicated the dynamic, object-
centered IOR effect in their Experiment 5 in which they
monitored eye movements (though only by the experi-
menter watching the subjects’ eyes as they performed the
task; see also Abrams & Dobkin, 1994, who recorded eye
movements). Thus, dynamic, object-centered IOR is not an
eye-movement artifact. Nevertheless, it seemed preferable
in the present experiments to minimize any confounding
by eye movements by providing subjects with a strong in-
centive to maintain fixation (especially in Experiments 2—6
in which the peripheral cues were initially valid).

Note that there were other methodological differences
to Tipper et al. (1991), which were deemed to be noncrit-
ical for dynamic, object-centered IOR to occur. In partic-
ular, the present experiments used brightening (onset)
cues rather than dimming (offset) cues (see also Abrams
& Dobkin, 1994), “smooth” motion of the peripheral
boxes rather than “jerky” motion, and continuous presen-
tation of the target until response rather than brief presen-
tation. All these changes are justifiable on ecological
grounds: onset cues are more powerful in capturing atten-
tion than are offset cues (e.g., Jonides & Yantis, 1988; Yan-
tis, 1993; Yantis & Jonides, 1984), real-world object mo-
tion is continuous, and a critical change in an object’s
appearance (the target) tends to be visible (and move with
the object) for some time.

For the replication to be successful, the present experi-
ments not only should have demonstrated the standard
(i.e., environmental) IOR effect with stationary displays
(by showing an RT disadvantage to targets on the cued
side relative to the uncued side) but also should have
demonstrated dynamic, object-centered IOR with moving
displays. However, the present study failed to provide any
evidence of dynamic, object-centered IOR, although there
was consistent evidence of “attentive tracking” of the ob-
ject that moved from left to right. The experiments to be
reported explored the boundary conditions of dynamic,
object-centered IOR (i.e., methodological factors that may
be important in producing it) as well as the nature of the
attentive-tracking effect.

EXPERIMENT 1
Experiment 1 was designed to replicate and extend the

basic findings of Tipper et al. (1991), with several method-
ological modifications (see below).



Method

Subjects. Ten subjects (6 males and 4 females, with ages ranging
from 18 to 36 years) participated in Experiment 1. Eight had normal
vision, and 2 had corrected-to-normal vision. All subjects were
right-handed. They were paid £4.00 per session.

Apparatus. Stimuli were presented on a Tektronix 608 X-Y mon-
itor with P31 phosphor and driven by an LSI 11/23 computer by way
of a CED 502 laboratory interface. Display refreshing and sampling
of digital inputs were controlled by Shepherd’s (1984) EMDISP
software system. The laboratory was dimly illuminated (to eliminate
reflections). Stimulus luminance was 0.34 c¢d/m2, and screen back-
ground luminance was 0.034 cd/m?2. The subjects viewed the screen
from a distance of 1 m, with their heads supported by a chinrest.

Procedure. There were two basic conditions, stationary and mov-
ing, which were counterbalanced across subjects. Figure 1 illustrates
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the sequence of events on a trial in the two conditions. At the begin-
ning of each block of trials, a box was displayed in the center of the
screen; the subjects initiated a block by pressing a designated key on
the hand-held keypad. In addition to the central box, two peripheral
boxes then appeared. The sides of each box subtended 0.45° of vi-
sual angle, and their eccentricity was 1.5° (distance from the mid-
point of the screen to the center of a box). (Note that Tipper et al.
used a larger eccentricity, 7.2°, but this was experienced as “uncom-
fortable” by subjects participating in pilot work to Experiment 1.)
The two peripheral boxes were arranged such that the left-hand box
was rotated 30° (in polar coordinates) below the horizontal midline
(through the center of the central box) and the right-hand box was
rotated 30° above the midline (see Figures 1A and 1B). The periph-
eral boxes maintained these positions for 1,000 msec. They then
moved clockwise on a circular path into the horizontal positions (on
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Figure 1. Sequence of events on (A) stationary trials and (B) moving trials. From Frame 3 onwards, the filled box rep-
resents the position of the cued box, and the unfilled (peripheral) box represents the position of the uncued box, at the

respective SOA.
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the midline), where they remained for 100 msec. This procedure, which
was the same for the stationary and moving conditions, was followed
in order to replicate the experiments of Tipper et al. Next, a flash (the
cue) appeared in the left peripheral box for 100 msec (i.e., unlike
Tipper et al., the cued box was fixed, left, rather than variable, left
or right; see Figures 1A and 1B). This flash consisted of a brighten-
ing of the spots constituting that box. It was spatially uninformative
as to the target location. The cue was then followed by the target
at varying SOAs. Five hundred milliseconds after cue onset, the cen-
tral box was brightened for 100 msec (in the study of Tipper et al., the
center flash occurred 200 msec after cue onset). This was done to
draw attention back to the center—which, according to Posner and
Cohen (1984), helps one to observe IOR unaffected by visuospatial
attention.

In the moving condition (see Figure 1B), the clockwise rotation
of the peripheral boxes began immediately after cue offset (in the
study of Tipper et al., the box motion commenced 200 msec after cue
onset). The complete rotation took 1,200 msec. In pilot work, a 900-
msec rotation was used; but, again, subjects found the task “uncom-
fortable” under that condition. The positions of the peripheral boxes
were updated 120 times during the rotation, producing a smooth,
continuous form of motion (in contrast, Tipper et al. used only 32
movement steps with a box eccentricity of 7.2°, which resulted in a
jerky form of motion). The target, a bright (filled) square of size .06°,
appeared in any of the three boxes at random. The target, once pre-
sented, remained visible inside (i.e., moved with) its box until a re-
sponse was made (in contrast, Tipper et al. presented their target for
a relatively short time, 67 msec, only during pauses between move-
ment steps). When a response had been made, the peripheral boxes
repositioned below and above the horizontal midline to begin the
next trial.

The procedure for the stationary condition (see Figure 1A) was
initially the same as that for the moving trials. The difference oc-
curred after cue offset, when there was no movement of the periph-
eral boxes.

In both conditions, there were six cue-target SOAs, which varied
randomly: 100, 250, 400, 700, 1,000, and 1,300 msec. In the moving
condition, the position of the cued box was left, left-upper, upper,
right, lower, and left, respectively (see Figure 1B). Note that the tar-
get occurred before the central brightening at the 100-, 250-, and
400-msec SOAS, and after the central brightening at the 700-, 1,000-,
and 1,300-msec SOAs.

Each condition consisted of 1,440 trials, which were presented in
30 blocks of 48 trials. For each SOA, there were 100 central-box, 50
cued-box, and 50 uncued-box target trials. The 50/50 ratio of cued
and uncued targets meant that the cue was uninformative as to the lo-
cation of the target (as was the case in the study of Tipper et al.). The

large proportion of central target trials were included to ensure that
the subjects maintained eye fixation on the central box. There were
240 catch trials on which no target appeared, and the subject had to
withhold a response. Each block started with five unrecorded warm-
up trials.

The subjects were asked to maintain eye fixation on the central
box and respond as quickly as possible to a target by pressing a sin-
gle key using their preferred hand. Their simple RTs (to the onset of
atarget) were measured. There was audible feedback (a bleep) when
a response was incorrect (i.¢., either an anticipation on a target trial
or a response on a catch trial). The subjects were advised that they
were permitted to break after any block to prevent fatigue. They were
familiarized with the task in a practice session of 192 (unrecorded)
trials.

Results

RTs. For each subject, the mean correct RT was calcu-
lated for each target location (central, cued, and uncued)
and SOA (100, 250, 400, 700, 1,000, and 1,300 msec) in
the stationary and moving conditions. The group mean RTs
for each experimental condition (stationary and moving)
are presented in Table 1. The corresponding patterns of
facilitation/inhibition across SOA are shown in Figure 2.
The graphs show retinal or environmental IOR in the sta-
tionary condition but no consistent evidence of dynamic,
object-centered IOR in the moving condition.

The RT data were examined by a repeated measures
analysis of variance (ANQOVA), with main terms for con-
dition (stationary/moving), target position, and SOA. Sig-
nificant main effects and interactions are listed in Table 2.

Central targets were responded to faster than were tar-
gets in cued and uncued boxes (main effect of target posi-
tion), and RTs decreased with increasing SOA (presum-
ably due to “alerting”; Posner, 1978) (main effect of SOA).
The SOA effect was more marked in the moving condi-
tion, which showed a marked decrease in RTs after the
700-msec SOA (condition X SOA interaction). The cause
of the three-way interaction was as follows: RTs to central
targets showed a relatively strong decrease between the
100- and 250-msec SOAs (alerting); RT's to targets at cued
and uncued positions showed an increase at the 400- and
700-msec SOAs (particularly marked in the moving con-

Table 1
Mean Reaction Times and Facilitation/Inhibition (in Milliseconds)
in the Stationary and Moving Conditions of Experiment 1

SOA (in milliseconds)

Condition 100 250 400 700 1,000 1,300

Stationary

Central 360 337 343 332 326 331

Cued 391, 386, 404, 381, 363, 362,

Uncued 400, 385, 398, 367, 345, 341,

Facilitation/Inhibition +9 -1 -6 —14* —18* —21*
Moving

Central 351 315 314 312 294 268

Cued 410, 400, 402, 425, 386, 339,

Uncued 413, 404,, 424, 438, 378, 325,

Facilitation/Inhibition +3 +4 +22% +13* -8 —14*
Note—I = left position; r = right position; t = top position; b = bottom position. + indicates fa-

cilitation; — indicates inhibition.

*Significant, o = .05.
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Figure 2. Mean reaction time facilitation/inhibition as a function of cue—target SOA, sep-
arately for the stationary and moving conditions. The icons below the x-axis indicate the po-
sitions of the cued (filled) and uncued (unfilled) boxes at the respective SOA in the moving

condition.

dition), coinciding with the flash at the central position
(which occurred 500 msec after cue onset).

The most important result with respect to dynamic,
object-centered IOR was the relative performance, across
SOA, for cued and uncued positions (boxes) under the sta-
tionary and moving conditions. In the stationary condi-
tion, at the 100-msec SOA, RTs tended to be faster to tar-
gets in the cued box than in the uncued box; at SOAs longer
than 250 msec, RTs were slower to cued-box targets than
to uncued-box targets. This pattern conforms with the
standard retinal or environmental IOR effect. In the mov-
ing condition, RTs to targets in the cued box showed some
(nonsignificant) facilitation at the 100- and 250-msec SOAs,
marked facilitation at the 400- and 700-msec SOAs, and
inhibition at the 1,000-msec and, most markedly, 1,300-
msec SOAs. This pattern is unexpected, requiring further
consideration.

Errors. Anticipation errors on target trials and response
errors on catch trials were rare overall (less than 1% on
average, with no subject above 2%). An ANOVA of the
arcsine-transformed anticipation rates, with the factors
condition (stationary/moving), target position, and SOA,
failed to reveal any significant effects. However, as could
be expected, virtually no anticipations were made in the
range of SOAs between 100 and 400 msec; if subjects were
prone to producing anticipations, these tended to be made
at longer SOAs.

at intermediate SOAs (i.e., for targets in the upper and
right positions) has two possible explanations. The first is
that subjects “track” (i.e., attend to) the cued box when
movement commences until the central flash attracts at-
tention; given that locking on to the cued box takes time
(to detect the movement, etc.), facilitation would become
manifest only after some delay. Alternatively, subjects
have a natural tendency to track one of the moving ob-
jects—that which moves from left to right above the hor-
izontal midline, regardless of whether it was cued or uncued.
Of course, this tracking preference may only apply in the
present situation in which there is another object that
moves from right to left below the midline. Also, it may re-
flect two independent preferences: tracking of the object
that moves from left to right (rather than from right to left)
and/or tracking of the object that moves above the midline
(rather than below; see discussion below for a more de-
tailed consideration of these possibilities).

According to the first account (tracking of the cued
box), the central flash interrupts tracking. Therefore, the
inhibition at the 1,000- and 1,300-msec SOAs would re-
flect dynamic, object-centered IOR. However, there are two

Table 2
Summary of Reaction Time Analysis of Variance
Effects in Experiment 1

Effect F df MS, p

Discussion Main Effects

The stationary condition showed early facilitation for TP 174.13 2,18 0009 001
the cued box followed by inhibition at longer SOAs, repli- S0A 34.66 345 0009 001
cating the standard (retinal or environmental) IOR effect.  Interactions

In the moving condition, the relatively small facilitation g i: gg A ‘:i ;; ?;g 3882 'gg%
at the 100-msec SOA might have been due to the move- TP X SOA 963 10.90 0002 001
ment onset (starting immediately after cue offset) inter- C X TP X SOA 4.28 10,90 .0002 .001

fering with attention capture by the cue and/or the move-
ment onset masking the target. The unexpected facilitation

Note—C = condition (stationary/moving); TP = target position;
SOA = stimulus onset asynchrony.
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Figure 3. Contrasting predictions for reaction time facilitation/inhibition as a func-

tion of cue—target SOA, separately for left- and right-side cues (idealized data). The
icons along the x-axis indicate the positions of the cued (filled) and uncued (unfilled)
boxes at the respective SOA. Panel A illustrates the pattern of results expected if sub-
jects track the cued box, with tracking being interrupted by the central flash (500-
msec SOA). Panel B illustrates the pattern of results expected if subjects track what-

ever box moves from left to right.

problems with this account. First, it fails to explain the fa-
cilitation for the right position at the 700-msec SOA, which
suggests that tracking was not interrupted by the central
flash. Second, reliable inhibition was only found at the
1,300-msec SOA when the cued box had returned to its
original (left) position. This would suggest that the only
position inhibited was the physical location of the cue,
contrary to the findings of Tipper et al. (1991). Note that,
if IOR were confined to the physical location of the cue,
there would be another account of the facilitation at the

700-msec SOA. At this time, the uncued box was at the
physical location of the cue and, therefore, was subject to
IOR. This would have slowed RTs to targets in the uncued
relative to the cued box, resulting in net facilitation.
According to the second account, subjects track the box
that moves from left to right above the midline (rather than
the box that moves from right to left below the midline),
and tracking is not (completely) interrupted by the central
flash. This account would explain the RT disadvantage for
the cued box (inhibition) at the 1,000- and 1,300-msec SOAs
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Table 3
Mean Reaction Times and Facilitation/Inhibition (in Milliseconds)
in the Stationary and Moving Conditions of Experiment 2

Stationary ) Moving
SOA (in milliseconds) SOA (in milliseconds)
Cue 100 1,300 100 250 400 700 1,000 1,300

Left

Central 317 297 343 310 313 315 299 270

Cued 358, 317 387, 379, 382, 410, 377, 325,

Uncued 360, 290, 392, 383, 400, 412, 359, 309,

Facilitation/Inhibition +2 -27* +5 +4 +18* +2  —18% —16*
Right

Central 330 292 347 322 314 323 307 269

Cued 352, 308, 385, 381, 394, 416, 362, 319,

Uncued 360, 303, 416, 381, 383 409, 376, 317,

Facilitation/Inhibition +8 =5 +31* 0 —11 -6 +14* -2
Note-—1 = left position; r = right position; t = top position; b = bottom position. + indicates fa-

cilitation; — indicates inhibition.

in terms of the tracking of the uncued box, which, at those
times, moved above the midline from left to right. Assum-
ing that it takes time, after the 700-msec SOA, to switch
attention from the cued box (which, at that SOA, started
to move below the midline from right to left) to the uncued
box (which started to move above the midline from left to
right), facilitation would be observed only for boxes mov-
ing through the upper and right parts of the display.

These two accounts were pitted against each other in
Experiment 2.

EXPERIMENT 2

If the first account (tracking of the cued box) is correct,
then which box is cued—the left or the right one—should
be important. In particular, subjects should show an initial
advantage (facilitation) for the upper and right positions
with a left-side cue and for the lower and left positions
with a right-side cue; after the central flash (interrupting
tracking), subjects should show a disadvantage (dynamic,
object-centered IOR) for the lower and left positions with
left-side cues and for the upper and right positions with
right-side cues. If the second account is correct (tracking
of whatever box moves above the midline from left to
right), subjects should show faster responses to targets in
the upper and right locations of the display, irrespective of
the cued box (left or right), except for an early advantage
for the left-cued position (when the cue attracts attention).
To test these contrasting predictions, Experiment 2 pre-
sented not only left-side cues (as in Experiment 1) but also
right-side cues. The differential patterns of facilitation/
inhibition across SOA expected on the two accounts are il-
lustrated in Figure 3 (idealized data).

Recall that, in Experiment 1, the facilitation from the
cue (at the 100-msec SOA) was relatively small, particu-
larly in the moving condition. This may have been due to
the onset of the movement interfering with the cuing and
to the cue being spatially uninformative. To enhance the ef-
fectiveness of the cue, Experiment 2 used a peripheral dim-
ming of the cued box (i.e., the spots composing the box

*Significant, a = .05.

were switched off and on, with a 100-msec blank interval
between box offset and onset), which produced a stronger
luminance change than did the brightening cue in Exper-
iment 1 (note that Tipper et al., 1991, used a dimming
cue). Furthermore, the cue was made spatially informative
at all SOAs shorter than 500 msec (i.e., all SOAs before
the central flash). This is not uncommon in IOR experi-
ments (e.g., see Posner & Cohen, 1984.)

Method

Subjects. Eight subjects (5 males and 3 females, with ages rang-
ing from 18 to 36 years) participated in Experiment 2. They all had
normal or corrected-to-normal vision. All subjects were right-
handed. They were paid £3.00 per session.

Procedure. There were two sessions of each condition (stationary/
moving), with conditions counterbalanced across subjects and ses-
sions. The cue could appear in either the left or the right peripheral
box, with left- and right-side cues presented in random order. The
box motion was always clockwise in the moving condition. In that
condition, for each cued location (left and right), there were 1,320
trials (6 SOAs X 200 target trials + 120 catch trials, with target tri-
als consisting of 100 central-box, 80 or 50 cued-box, and 20 or 50
uncued-box trials). In the stationary control condition, there were
only 440 trials for each cued location. This reduction was achieved
by using only two SOAs (100 and 1,300 msec), which was deemed
sufficient to measure the early facilitation and late IOR effects (2
SOAs X 400 central/cued/uncued trials + 40 catch trials). Note that,
at the 100-, 250-, and 400-msec SOAs, cued-box targets were four
times more frequent than were uncued-box targets (i.¢., the cue va-
lidity was 80%); at longer SOAs, cue validity was 50% (as in Ex-
periment 1). The subjects were fully informed of these contingen-
cies. The total number of trials performed by each subject was 3,520.

In all other respects, the method was the same as that in Experi-
ment 1.

Results

RTs. The group mean RTs for the two experimental
conditions (stationary and moving) are listed in Table 3.
The corresponding patterns of facilitation/inhibition
across SOA are shown in Figures 4A and 4B. The figures
show retinal or environmental IOR in the stationary con-
dition (Figure 4A) but no evidence of dynamic, object-
centered IOR in the moving condition (Figure 4B). Rather,



232 MULLER AND von MUHLENEN
A) 35 T T T
25 -
Facilitaton 45 [
{ms)
Inhibition

U R Y

SOA (ms)
B) o ‘.11 N .
Rightcue [J O
ig o \ .) B_R
100 400 700 1000 1300
35 1T T T T T T T T 7T ]
25 t \ — — — rghtcue -
Faciltation 15 |- —{
. 5 7
(ms) ]
-5 j
Inhibition  -15 [ q
25 + .
_35 [ 1 1 1 1 1 1 AL i 1 i 1 1 1
100 400 700 1000 1300
I .
Left cue (- v ﬂ (3 OJ
L ‘D' e’ ~
SOA (ms)

Figure 4. Mean reaction time facilitation/inhibition as a function of cue—target SOA, sep-
arately for left- and right-side cues in the (A) stationary condition and (B) moving condition.
The icons along the x-axis in panel B indicate the positions of the cued (filled) and uncued

(unfilled) boxes at the respective SOA.

performance in the latter condition conformed with atten-
tive tracking of the left-to-right moving box.

The RT data were examined by a repeated measures
ANOVA, with main terms for cue position, target position,
and SOA. The stationary and moving conditions were
treated with separate ANOVAs. Significant main effects
and interactions are listed in Table 4.

The stationary data conform with the standard finding
of early facilitation (5 msec) and late IOR (—16 msec)
(target position X SOA interaction). This pattern was not
significantly influenced by cue position (left or right),
although there was some tendency for early facilitation
to be greater (8 vs. 2 msec) and late inhibition to be
smaller (—5 vs. —27 msec) with right cues, suggesting a
bias toward targets on the right side of fixation (right-side
bias).

With regard to the moving data, if one considers the tar-
get position X SOA interaction only, there appears to be
early facilitation (100-msec SOA) and late inhibition

(1,300-msec SOA), with a reasonably gradual transition at
intermediate SOAs. However, the picture becomes more
complex when cue position is taken into consideration
(see Table 3 and Figure 4b). Both the left- and the right-
cued position showed facilitation at the 100-msec SOA,
though more markedly for the right. At the 400-msec
SOA, the left-cued box, which at that time occupied the
upper position, exhibited facilitation, and the right-cued
box, which occupied the lower position, exhibited inhibi-
tion. At the 1,000-msec SOA, the left-cued box, which
occupied the lower position, showed inhibition, and the
right-cued box, occupying the upper position, exhibited
facilitation. At the 700-msec SOA, the left-cued box, oc-
cupying the right position, showed (nonsignificant) facil-
itation, and the left-cued box, in the lower position, showed
inhibition. At the 1,300-msec SOA, when the cued boxes
had returned to their original positions, the left-cued box
exhibited inhibition and the right-cued box exhibited (non-
significant) inhibition.



Table 4
Summary of Reaction Time Analysis of Variance
Effects in Experiment 2

Effect F df MS, P
Stationary Condition

Main Effects
TP 9.12 2,14 .0010 .005
SOA 2493 1,7 .0044 .005
Interactions
TP X SOA 26.75 2,14 .0003 .001
Moving Condition
Main Effects
Ccp 6.56 1,7 .0003 .05
TP 107.36 2,14 .0026 001
SOA 22.19 5,35 .0037 .001
Interactions
TP X SOA 11.48 5,35 .0003 .001
CP X TP X SOA 2.80 10,70 .0004 .01

Note—CP = cue position; TP = target position; SOA = stimulus onset
asynchrony.

Errors. Anticipation errors on target trials and response
errors on catch trials were rare overall (less than 1% on av-
erage, with no subject above 2%). The arcsine-transformed
anticipation rates in the stationary and moving conditions
were subjected to separate ANOVAs, with cue position, tar-
get position, and SOA as factors. No significant effects were
found. However, anticipations were observed only at SOAs
greater than 400 msec. At the 1,300-msec SOA, slightly
more anticipations were made in the stationary condition
(2.6%) than in the moving condition (1.5%). This differ-
ence was probably due to the fact that there was only one
long SOA in the stationary condition.

Discussion

Overall, the pattern of facilitation/inhibition in the mov-
ing condition is consistent with the second account outlined
above—namely, subjects have a natural tendency (bias) to
track objects that move above the horizontal midline from
left to right. This is at variance with the first account, ac-
cording to which the cued box should be tracked (at least be-
fore the presentation of the central flash). This can clearly be
seen at the 400-msec SOA, when RTs to targets in the right-
cued box occupying the lower position were slower than RT's
to targets in the left-uncued box occupying the upper posi-
tion—despite the fact that the cue was still valid. This indi-
cates that the preferred tracking direction overrides cue va-
lidity effects. The proposed tendency to track objects that
move on an up—down trajectory from left to right seems to
reflect a “realistic” adjustment to the constraints of our nat-
ural (up-down “ballistic” object movement) and cultural en-
vironments (left-to-right reading direction).

There was no evidence of dynamic, object-centered IOR
at SOAs longer than 400 msec when the cue was no longer
valid. If anything, there was evidence of IOR only for the
physical location of the cue (at the 1,300-msec SOA, both
left- and right-cued boxes showed inhibition, though not
significant with right-side cues). However, at the 700- and
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1,000-msec SOAs, only the boxes occupying the left and
lower positions, respectively, showed inhibition, which is
best explained in terms of preferred tracking direction
rather than IOR.

EXPERIMENT 3

Experiments 1 and 2 produced no evidence of dynamic,
object-centered IOR. However, they differed from the ex-
periments of Tipper et al. (1991) in several respects that
might be crucial for dynamic, object-centered IOR to
occur. First, Experiments 1 and 2 used peripheral box and
target eccentricities of 1.5°, whereas Tipper et al. used ec-
centricities of 7.2° Second, Tipper et al. used a movement
speed of approximately 1 rotation/second, whereas Ex-
periments 1 and 2 used 0.83 rotations/second. Third, Tip-
per et al. used only 32 movement steps for a complete ro-
tation (120 steps were used in the present experiments),
which, together with the larger eccentricity, produced a
rather discontinuous form of motion. In summary, Tipper
et al. used “long-range apparent motion,” whereas the pre-
sent experiments used “short-range apparent motion.”

As originally proposed by Braddick (1974), short-range
motion consists of the activation of low-level motion detec-
tors that respond under conditions of small spatial displace-
ments, short stimulus durations, and short interstimulus
intervals (ISIs). In contrast, long-range apparent motion
consists of higher level perceptual activity that operates over
relatively larger spatial displacements, longer stimulus du-
rations, and longer ISIs. These two types of apparent mo-
tion also differ with respect to their attentional requirements
(Dick, Ullman, & Sagi, 1987; Ivry & Cohen, 1990). For ex-
ample, using a standard visual search task, Ivry and Cohen
found evidence suggesting that short-range apparent mo-
tion is processed preattentively, whereas the processing of
long-range apparent motion involves attention.

Possibly, dynamic, object-centered IOR is obtained only
under the long-range apparent motion conditions used by
Tipper et al. If long-range apparent motion involves an at-
tentional object-displacement system (e.g., Cavanagh,
1992), it is possible that once an object is negatively tagged,
the spatial coordinates of the tag are dynamically updated
with the movement of the object. For example, the tag
may be recorded in an “object file,” which also contains
an index that keeps track of the object’s changing envi-
ronmental position (Kahneman, Treisman, & Gibbs, 1992;
Pylyshyn & Storm, 1988).

Experiment 3 tested whether dynamic, object-centered
IOR critically depends on the form of apparent motion of
the peripheral boxes (long range rather than short range).
The form of motion was manipulated by varying the num-
ber of frames per complete rotation (with box eccentric-
ity, 7.2°, and rotation duration, 1,200 msec, kept constant).
This number varied from 30 frames, which is close to the
32 frames used by Tipper et al. and well within the range
typically regarded as long-range apparent motion, to 120
frames, which is well within the range of short-range ap-
parent motion.
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Method

Subjects. Nine subjects (5 males and 4 females, with ages rang-
ing from 18 to 37 years) participated in Experiment 3. They all had
normal or corrected-to-normal vision. All subjects were right-handed.
They were paid £4.00 per hour.

Procedure. The procedure was the same as that in Experiment 2
except for the following differences. In the moving condition, there
were three levels of apparent motion, implemented by varying the
number of frames (displacements) required for a full rotation of the
peripheral boxes: 30, 60, or 120 frames. Note that Experiment 3 used
the same peripheral box and target eccentricities as used by Tipper
et al. (1991)—namely, 7.2°. Furthermore, the 250-msec SOA was
dropped, and the peripheral cue was made more salient by present-
ing an on-off-on-off-on-off flash (where each on and off phase lasted
20 msec, such that the time between the onset of the first flash and
the offset of the third flash was 100 msec).

The form of apparent motion was blocked. Cue position (left or right
box), target position (central, cued, or uncued box), and SOA (100,
400, 700, 1,000, or 1,300 msec) were randomized within blocks. Ex-
periment 3 was conducted over three sessions. Each session con-
sisted of three blocks of 1,200 trials, with each block presenting one
of the three apparent motion conditions. Within a session, the form
of apparent motion was varied in either ascending or descending
order (with the order counterbalanced across subjects and sessions
as well as possible). Each subject completed 7,200 trials in the mov-
ing condition.

There was also a stationary control condition, which will be pre-
sented below as Experiment 5.

In all other respects, Experiment 3 was the same as Experiment 2.

Results

RTs. Table 5 presents the group mean RTs, across
SOA, for targets at central, cued, and uncued positions,
separately for left and right cues (cue position X target
position X SOA interaction). Figure 5 illustrates the cor-
responding patterns of facilitation/inhibition across SOA,
which were much the same as those in Experiment 2.

Table 5
Mean Reaction Times and Facilitation/Inhibition
(in Milliseconds) in Experiment 3

SOA (in milliseconds)

Cue 100 400 700 1,000 1,300

Left

Central 344 322 318 301 226

Cued 347, 386, 370, 359, 245,

Uncued 366, 396, 373 349, 232,

Facilitation/Inhibition ~ +19*  +10 +3 -10 -13
Right

Central 348 321 317 303 225

Cued 357, 400, 375 349, 234,

Uncued 385, 386, 372, 362, 242,

Facilitation/Inhibition ~ +30* —14 -3 +13 +8

Note—I = left position; r = right position; t = top position; b = bottom
position. + indicates facilitation; — indicates inhibition. *Signifi-
cant, = .05.

The RT data were examined by a repeated measures
ANOVA, with main terms for type of motion, cue posi-
tion, target position, and SOA. Significant main effects
and interactions are listed in Table 6.

Most importantly, the type of motion did not critically
influence the pattern of facilitation/inhibition for left- and
right-side cues across SOA [the four-way interaction was
not significant, F(16,128) = 0.83], although long-range ap-
parent motion (30 frames per rotation) appeared to reduce
any facilitatory and inhibitory effects except for the initial
facilitation (100-msec SOA) for the cued position (left or
right). Also, it tended to prolong RTs overall (main effect).

As can be seen from Figure 5, the patterns of facilitation/
inhibition across SOA were essentially the same as those
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Figure 5. Mean reaction time facilitation/inhibition as a function of cue—target SOA, sep-
arately for left- and right-side cues. The icons along the x-axis indicate the positions of the
cued (filled) and uncued (unfilled) boxes at the respective SOA.



Table 6
Summary of Reaction Time Analysis of Variance
Effects in Experiment 3

Effect F df MS, p

Main Effects

FM 330 2,16 .0049 .075

CP 2298 1.8 .0049 .005

TP 61.89 2,16 .0023 .001

SOA 95.22 4,32 0052 .001
Interactions

FM X TP 12.37 8,64 .0007 001

CP X SOA 345 432 .0002 .025

TP X SOA 26.09 8,64 .0005 001

FM X TP X SOA 2.16 1,128 .0002 .025

CP X TP X SOA 2.69 8,64 .0005 025

Note—FM = form of motion; CP = cued position; TP = target posi-
tion; SOA = stimulus onset asynchrony.

observed in Experiment 2. There were sizable facilitatory
effects for the cued (left or right) position at the 100-msec
SOA (somewhat more marked for right cues). At longer
SOAs, targets at the top and right positions showed facil-
itation, and targets at bottom and left positions showed in-
hibition. In other words, there was no evidence of dynamic,
object-centered IOR for cued boxes at SOAs longer than
500 msec; rather, any inhibition manifest at those SOAs
was associated with the bottom and left positions (irrespec-
tive of whether the cued or uncued box happened to oc-
cupy those positions), consistent with preferred attentive
tracking of any box that moves above the midline from left
to right.

Errors. Anticipation and catch-trial errors were rare
overall (less than 1% on average, with no subject above 2%)).
An ANOVA of the arcsine-transformed anticipation rates,
with the factors type of motion, cue position, target posi-
tion, and SOA, failed to reveal any significant effects. How-
ever, anticipations tended to be made only at longer SOAs
(<400 msec).

Discussion

The finding that the attentive-tracking preference was
not affected by the type of motion, short or long range,
adds support to Cavanagh’s (1993) suggestion that

a different dichotomy may be more appropriate. Specifically,
low-level detectors are available to signal stimulus dis-
placement for a variety of ... stimulus attributes. [The de-
tectors form] a dense array ... analyzing image features in
parallel. A second motion system is available that [involves]
attentive tracking [of an object] ... without [necessarily]
engaging any eye movements. ... [This] second source of
motion signals ... relies on the displacements of the focus
of attention. (p. 178)

The present findings suggest that only one of two ob-
jects (boxes) can be tracked at any one time by this second
system. This seems to be at variance with Pylyshyn and
Storm (1988), who proposed that four to five objects
could be tracked in parallel. It is possible that multiple ob-
jects may be tracked simultaneously (in particular, when
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they form a coherent group; Yantis, 1992) but that only
one can be attentively monitored for a change (e.g., a Iu-
minance increment) at any one time.

In summary, Experiment 3 replicated the patterns of fa-
cilitation/inhibition across SOA found in Experiment 2. It
produced no evidence for dynamic, object-centered IOR
along the lines of Tipper et al. Therefore, the type of mo-
tion (and the eccentricity) of the peripheral boxes is not
crucial for observing dynamic, object-centered IOR.

EXPERIMENT 4

According to the attentive-tracking account outlined
above, there is a preference to track objects that move
from left to right in the upper half of the field. This bias
for targets in the upper field seems to be at variance with
other findings (with static displays) according to which
manual responses are faster to targets in the lower part of
the field (e.g., Gawryszewski, Riggio, Rizzolatti, & Umilta,
1987; Hodgson & Miiller, 1995).5 One way to reconcile
the present data with these findings may be to suggest that
the (present) advantage for objects in the upper part of the
field simply reflects a left-to-right preferential direction of
tracking. That is, the upper-field advantage is coinciden-
tal, arising from the fact that the box moving from left to
right rotated through the upper part of the field (clockwise
rotation).

This was investigated in Experiment 4 by simply revers-
ing the direction of the rotation of the peripheral boxes
(i.e., they were rotated counterclockwise). If the upper-box
advantage (with clockwise rotation) indeed reflects a pre-
ferred left-to-right direction of attentive tracking, it should
reverse into a lower-object advantage with counterclock-
wise rotation. In other words, the advantage should be as-
sociated with whatever box moves from left to right.

Note that, in Experiment 4, subject’s eye position was
monitored. Although IOR (in stationary displays) is
known to be unaffected by eye movements (e.g., Posner &
Cohen, 1984), the preference for one of the two moving
boxes may reflect strategic eye movements.

Method

Subjects. Eight subjects (5 males and 3 females, with ages rang-
ing from 18 to 37 years) participated in Experiment 4. They all had
normal or corrected-to-normal vision. All subjects were right-handed.

Apparatus. Eye position was monitored using a limbus tracker
device (Skalar IRIS), interfaced with the LSI-11/23 computer. Eye-
tracker samples were analyzed at the end of a trial. If a saccade (or
drift) greater than 1.5° was detected (before the manual response),
the trial was rejected and rerun later in the block. The percentage of
trials rejected due to eye-movement errors was less than 1% on av-
erage (with no subject making more than 2% errors).

Procedure. The procedure was the same as that in Experiment 3
except for the following differences. The type of motion was fixed
(120 steps per full rotation), and the direction of rotation was counter-
clockwise. Each subject completed 2,400 trials in the moving con-
dition (there was also a stationary control condition, which is pre-
sented below as Experiment 5).

Eye fixation was monitored during either the first and third or the
second and fourth quarter of the experiment (counterbalanced across
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subjects). An ANOVA of the RT data, with the factors eye fixation
monitored/not monitored, cue position, target position, and SOA,
failed to reveal any significant effects of the eye movement record-
ing. The eye-fixation factor was therefore dropped from the analy-
ses reported below. The absence of any differences due to this fac-
tor suggests that the instruction, together with the high percentage
of central targets, provided sufficient incentives for the subjects to
maintain fixation at the display center.

Results

RTs. Table 7 lists the group mean RTs, across SOA, for
targets at central, cued, and uncued positions, separately
for left and right cues (cue position X target position X
SOA interaction). Figure 6 illustrates the corresponding
patterns of facilitation/inhibition across SOA. The most
important result was that the upper-box advantage with
clockwise motion (Experiments 1-3) reversed into a
lower-box advantage with counterclockwise motion.

The RT data were examined by a repeated measures
ANOVA, with main terms for cue position, target position,
and SOA. Significant main effects and interactions are
listed in Table 8.

At 100-msec SOAs, cued boxes exhibited facilitation
(irrespective of the position of the cue). At longer SOAs,
RTs were faster to targets in the right position than to tar-
gets in the left position, and, most importantly, RTs were
faster to targets in the lower position than to targets in the
upper position. In other words, there was a reversal of the
upper-position advantage with clockwise rotation (Exper-
iments 1-3) into a lower-position advantage (with counter-
clockwise rotation)—that is, the advantage remained as-
sociated with whatever box moved from left to right. Thus,
there is a preference to attentively track the left-to-right
moving object irrespective of the direction of rotation. At-
tentive tracking is covert, not dependent on strategic eye
movements.

As in Experiment 3, there was no evidence of dynamic,
object-centered IOR (at SOAs longer than 500 msec);
rather, any inhibition manifest at those SOAs was associ-
ated with the upper and left positions, irrespective of
whether the cued or uncued box happened to occupy those
positions.

Table 7
Mean Reaction Times and Facilitation/Inhibition
(in Milliseconds) in Experiment 4

SOA (in milliseconds)
Cue 100 400 700 1,000 1,300

Left

Central 359 327 313 303 262

Cued 359, 405, 375, 380, 298,

Uncued 386, 435, 391, 362, 283,

Facilitation/Inhibition +27*  +30*  +16 —18 -15
Right

Central 366 328 320 305 262

Cued 363, 431, 394, 364, 287,

Uncued 384, 398, 380, 377, 295,

Facilitation/Inhibition +24* -33* 14 +13 +8
Note—I = left position; r = right position; t = top position; b = bottom
position. + indicates facilitation; ~ indicates inhibition. *Signifi-
cant, o = .05.

Errors. Anticipation and catch-trial errors were rare
overall (less than 1% on average, with no subject above
2.5%). An ANOVA of the arcsine-transformed anticipa-
tion rates, with the factors cue position, target position,
and SOA, failed to reveal any significant effects. However,
anticipations tended to be made only at longer SOAs
(< 400 msec).

Discussion

One explanation of the left-to-right tracking bias may
be found in the acquisition of skilled reading, which in-
volves a left-to-right direction of visual scanning. Work on
the “perceptual span” in reading by Rayner and his col-
leagues (e.g., McConkie & Rayner, 1976; Rayner & Bert-
era, 1979) has shown that, for English readers, the span is
asymmetrically extended toward the right of the fixation
point and that this asymmetry increases with reading skill.
Interestingly, the asymmetry is reversed for readers of lan-
guages (e.g., Hebrew) that are written from right to left
(Pollatsek, Bolozky, Well, & Rayner, 1981), suggesting
that attentional left-right biases are “learned.”

It is not clear, however, whether the right-side advan-
tage found in the present experiments is indeed caused by
preferential scanning direction. One possible alternative is
provided by the hand used for response (e.g., Possamai,
1991). In the present experiments, all subjects were right-
handed and responded with their preferred hand. It is well
known that right-hand responses are faster to stimuli on
the right and that left-hand responses are faster to stimuli
on the left (spatial stimulus—response compatibility; e.g.,
Simon, Sly, & Vilapakkam, 1981). However, unlike the
standard Simon paradigm, the present experiments did not
require a choice of response (left or right hand) but only a
simple manual RT. Nevertheless, execution of even a sim-
ple manual response might involve (at least rudimentary)
directional programming (i.e., preparation of a directed
movement to the target object; see Crawford & Miiiller,
1992, and Hodgson, Miiller, & O’Leary, 1995, for a sim-
ilar argument). Consequently, objects to the right would
naturally attract a right-hand response, producing right-
side facilitation even with simple manual RTs.

EXPERIMENT 5

In addition to providing a static control condition to
Experiments 3, 4, and 6, Experiment 5 was designed to re-
investigate the role of the response-hand in left-right bi-
ases. Experiment 5 presented stationary displays. Periph-
eral cues were spatially informative at the 100-msec SOA
but were uninformative at the 1,300-msec SOA (the only
SOA after the center flash that occurred 500 msec after cue
onset). The subjects responded with either the left or the
right hand (simple manual RT) in separate blocks of trials.

The variation of response hand in Experiment 5 is sim-
ilar to that used by Possamai (1991). Possamai observed
early facilitation (RT advantage for cued positions relative
to uncued positions) only when cued side and response
hand were corresponding (e.g., right cue and right-hand
response), not when they were crossed (e.g., left cue and
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Figure 6. Mean reaction time facilitation/inhibition as a function of cue—target SOA, sep-
arately for left- and right-side cues. The icons along the x-axis indicate the positions of the
cued (filled) and uncued (unfilled) boxes at the respective SOA.

right-hand response) (14 vs. —15 msec).® Conversely,
there was reliable late inhibition (RT disadvantage for cued
positions relative to uncued positions) only with crossed,
not corresponding, cue—hand relationships (—33 vs.
—5 msec; see Note 6). However, the slowing of RTs to
cued-position targets relative to uncued-position targets
across SOA was comparable for both types of relationship
[crossed, (+14)—(—S5) = 19 msec; corresponding, (—15)—
(—33) = 18 msec; see Note 6]. Possamai argued from this
that early facilitation reflected Simon-type “response
priming” of the hand ipsilateral to the cue. The later inhi-
bition (i.e., relative slowing of cued-target RTs) was due
to a perceptual aftereffect of the cue and/or suppression in
the motor system arising from the need to withhold a re-
sponse to the cue and wait for the target. Both of these fac-
tors would affect ipsilateral and contralateral hand re-
sponses equally.

Note, however, that the cues used by Possamai were spa-
tially uninformative (and not followed by a central flash),
so that it is not clear what role the spatial orienting of at-
tention played for his results. Therefore, Experiment 5 ex-
amined whether a pattern of effects similar to Possamai’s
would also be obtained when spatially informative cues
are used to orient attention to the periphery.

Method

Subjects. Sixteen subjects (10 males and 6 females, with ages rang-
ing from 18 to 38 years) participated in Experiment 5. They all had
normal or corrected-to~-normal vision. All subjects were right-handed
(as assessed by Edinburgh Inventory; Oldfield, 1971). Note that the
data of 2 subjects could not be analyzed due to a hard-disk failure.

Procedure. The procedure was the same as that in the stationary
condition of Experiment 2. Cues could appear either left or right, fol-
lowed by a target in the cued or the uncued box at 100- or 1,300-msec
SOA. The subjects responded with either the left hand or the right

hand in separate blocks of trials. Experiment 5 was conducted con-
currently with Experiments 3, 4, and 6, serving as stationary control
for the moving conditions in those experiments. In each session, the
subjects started with a stationary condition, followed by a moving con-
dition (Experiments 3, 4, and 6), followed by a stationary condition.
The response hand (left or right) used in the first and second sta-
tionary conditions was counterbalanced across sessions and subjects.

Results

RTs. Table 9 presents the group mean RTs, across SOA,
for targets at central, cued, and uncued positions, sepa-
rately for left and right cues (response hand X cue posi-
tion X target position X SOA interaction). Figure 7 illus-
trates the corresponding patterns of facilitation/inhibition,
which showed a tendency for IOR to be more marked for
crossed cue—hand relationships.

The RT data were examined by a repeated measures
ANOVA, with main terms for response hand, cue position,
target position, and SOA. Significant main effects and in-
teractions are listed in Table 10.

Most importantly, the target position X SOA interaction
was significant. This was due to cued positions showing fa-

Table 8
Summary of Reaction Time Analysis of Variance
Effects in Experiment 4

Effect F df MS, )4
Main Effects
TP 38.96 2,14 1,940.34 .001
SOA 49.86 4,28 1,606.45 .001
Interactions
TP X SOA 10.56 8,56 564.14 .001

CP X TP X SOA 1.84 8,56 833.12 100

Note—CP = cued position; TP = target position; SOA = stimulus
onset asynchrony.
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Table 9
Mean Reaction Times and Facilitation/Inhibition (in Milliseconds) in Experiment 5
Left Hand Right Hand
SOA (in milliseconds) SOA (in milliseconds)
Cue 100 1,300 100 1,300
Left
Central 362 314 353 310
Cued 362, 328, 356, 325
Uncued 386, 320, 385, 303,
Facilitation/Inhibition +24* -8 +29* —22*
Right
Central 361 313 358 312
Cued 375, 336, 368, 324,
Uncued 402, 312 392, 309,
Facilitation/Inhibition +27* —24* +24* —15*
Note—1 = left position; r = right position. + indicates facilitation; — indicates inhibition. *Sig-

nificant, & = .05.

cilitation relative to uncued positions at the 100-msec SOA
but showing inhibition at the 1,300-msec SOA. The four-
way interaction (illustrated in Figure 7) approached signif-
icance. While the magnitude of the facilitation showed lit-
tle effect of the relationship between response hand and cue
position (corresponding, 24 msec; crossed, 28 msec), the
IOR effect tended to be larger with crossed relationships
than with corresponding relationships (—23 vs. —12 msec).

Errors. Anticipation and catch-trial errors were rare
overall (less than 1% on average, with no subject above

2%). An ANOVA of the arcsine-transformed anticipation
rates, with the factors response hand, cue position, target
position, and SOA, failed to reveal any significant effects.
However, anticipations tended to be made only at the
1,300-msec SOAs.

Discussion

In summary, the results of Experiment 5 suggest that
early facilitation produced by spatially informative pe-
ripheral cues is unaffected by the relationship between re-

A)
Facilitation
(ms)

Inhibition

B)
Facilitation
(ms)

Inhibition

1 1 i 1 —1

100 400

700
SOA (ms)

Figure 7. Mean reaction time facilitation/inhibition as a function of cue—target SOA, sep-
arately for left- and right-side cues with (A) left-hand responses and (B) right-hand re-

sponses.



Table 10
Summary of Reaction Time Analysis of Variance
Effects in Experiment S

Effect F df MS, p
Main Effects
CP 5.84 1,13 330.40 .05
TP 18.15 2,26 421.00 .001
SOA 59.08 1,13 4,196.10 .001
Interactions
TP X SOA 31.54 2,26 469.17 .001
RH X CP X TP X SOA 2.79 2,26 182.40 100

Note—RH = response hand; CP = cued position; TP = target position;
SOA = stimulus onset asynchrony.

sponse hand and cue position, in contrast to uninformative
cues, which produce a Simon-type motor preference for
targets on the same side as the response hand (Possamai,
1991). Assuming that such a preference is the norm, why
did it not affect the early facilitation in Experiment 5? Two
accounts are usually put forward to explain the facilitatory
effects of spatial cues on simple RTs: enhanced perceptual
(attentive) processing at the cued location and/or a motor
bias (i.e., priming of a response to a target at the cued lo-
cation). If detection of a target in the cued box is enhanced
(1.e., if it is detected earlier than is a target in the uncued
box), there would be a time gain in connecting a cued-box
target to the simple manual response. But if that connec-
tion can be made faster when a cued-box target appears on
the side of the response hand (e.g., due to even a simple
manual reaction involving programming of a directed re-
sponse to the target), facilitation should be larger for cor-
responding cue—hand relationships, which is at odds with
the present data. Thus, “perceptual enhancement” cannot
explain why the general preference for responding to a lat-
eral target with the ipsilateral hand was abolished by the
informative cues in Experiment 5. “Motor bias,” by con-
trast, could offer a plausible account. A motor bias in-
duced by the cue would connect any manual response,
whether with the left or the right hand, directly to the cued
box in advance of a target appearing there. In other words,
at the 100-msec SOA, the cue would have primed any
hand, doing away with the need to link the target to the re-
sponse after its appearance. This need would normally
(in the absence of a motor bias) produce a Simon-type
stimulus-response compatibility effect.

In contrast to the early facilitation, the relationship be-
tween response hand and cue position affects the magni-
tude of the later IOR effect: IOR tends to be reduced to tar-
gets on the same side as the hand used for response, no
matter whether cues are spatially informative (Experi-
ment 5) or uninformative (Possamai, 1991). The (re-)ap-
pearance of the cue—hand relationship at the long SOA
could be explained if the motor bias was abolished by that
time, due to the cue being no longer informative after the
central flash, and the target had to be connected to the re-
sponse after its appearance (by a system that had reverted
to its Simon-type default mode). The prolonged RTs to
cued-box targets at the long SOA (the IOR effect) might
then have two causes. It could result from perceptual in-
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hibition at the cued location (delaying the detection of a
cued-box target), which would affect ipsilateral and con-
tralateral hand responses equally. Alternatively, it could
arise as an aftereffect of having to suppress a response to
the cue (inhibiting a subsequent cued-box target to be linked
to response), which would also affect ipsilateral and con-
tralateral hand responses equally.

Experiment 5 was not designed to distinguish between
these alternatives. However, it (as well as the experiment
of Possamai, 1991) shows that the pattern of early facili-
tation and later [OR cannot be adequately explained with-
out recourse to response mechanisms and that a purely
response-based account of these effects is feasible in prin-
ciple. The arguments for such an account are strengthened
by evidence from other studies suggesting that IOR is not
perceptual in nature (see the General Discussion for a
more detailed consideration of this point).

EXPERIMENT 6

Experiments 6A and 6B examined further methodolog-
ical differences between the present experiments and
those of Tipper et al. (1991). One difference concerns the
SOA between peripheral cue and central flash: 500 msec
in the present experiments and 200 msec in the experi-
ments of Tipper et al. The other difference concerns the
presentation of the target: In the experiments of Tipper
et al., the exposure of the target was brief (67 msec) and
disrupted the motion of the peripheral boxes; in the pre-
sent experiments, the target was displayed until response,
moving continuously inside its box.

It could be that the long SOA between peripheral cue
and central flash in the present experiments allowed at-
tentive tracking of the left-to-right moving box to be es-
tablished. As a result, dynamic, object-centered IOR may
have been obscured by active attention to one of the two
boxes (see Posner & Cohen, 1984).

Alternatively, the disruption of the motion of the
tracked box (the upper box with clockwise rotation) when
the target was presented in the experiments of Tipper et al.
may have led to attentional “overshoot.” That is, a target
in the tracked box would appear outside the focus of at-
tention, affecting RT to that target (e.g., because an atten-
tional reversal correcting the overshoot is necessary for re-
sponse; see Rizzolatti, Riggio, Dascola, & Umilta, 1987).
Note that losing track of the attended box would not nec-
essarily affect RT to a target in the untracked box (e.g., be-
cause, whether or not box motion is disrupted, attention
would have to be switched from the tracked box to the
nontracked box).

These alternatives were tested in Experiments 6A and 6B.
In both experiments, the central flash appeared 200 msec
after the peripheral cue onset. There were three SOAs: 100,
400, or 700 msec (which means that the peripheral boxes
reached their terminal positions after a 180° rotation). The
direction of rotation was clockwise. In all other respects,
Experiment 6A was the same as the previous experiments—
in particular, the target remained on until response, mov-
ing continuously with the peripheral box containing it. In
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contrast, in Experiment 6B, the target was only briefly
presented (for 70 msec), and the rotation of the peripheral
boxes was interrupted during target exposure, similar to
the experiments of Tipper et al. (1991).

Ifa short interval between peripheral cue and central flash
is important to observing dynamic, object-centered IOR,
the effect should become manifest in Experiment 6A.
However, if the interruption of the box motion during tar-
get presentation is important, dynamic, object-centered
IOR should be observed in Experiment 6B.

Method

Subjects. Ten subjects (6 males and 4 females, with ages ranging
from 18 to 32 years) participated in Experiments 6A and 6B. They
all had normal or corrected-to-normal vision. All subjects were
right-handed. They were paid £4.00 per hour.

Procedure. The procedure was the same as that used previously
except for the following differences. The central flash appeared
200 msec after the peripheral cue onset, there were only three SOAs
(100, 400, or 700 msec; i.e., a semicircular rotation), and the direction
of rotation was always clockwise. In both experiments, the motion
of the boxes was smooth (i.e., 120/2 displacements per semicircle).
In Experiment 6A, the target, when it appeared, moved continuously
with the box that contained it and remained on until response. In
contrast, in Experiment 6B, the target was presented for 70 msec in
the 0°, 90°, 180°, or 270° position, during which time the box mo-
tion was interrupted. Each experiment consisted of 1,440 trials [2 cue
position X 3 SOA X (50 cued + 50 uncued + 100 central target tri-
als) + 240 catch trials], which were presented in two sessions. The
order of experiments was counterbalanced across subjects.

There was also a stationary control condition, which was presented
above as Experiment 5.

Results

RTs. Table 11 presents the group mean RTs, across SOA,
for targets at central, cued, and uncued positions, sepa-
rately for left and right cues. Figure 8 illustrates the cor-
responding patterns of facilitation/inhibition across SOA.

The RT data were examined by a repeated measures
ANOVA, with main terms for experiment (6A/6B), cue
position, target position, and SOA. Significant main ef-
fects and interactions are listed in Table 12.

The RT's were faster with left-side cues (3-msec advan-
tage; main effect of cue position), central targets (30-msec

advantage; main effect of target position), and longer SOAs
(main effect of SOA). The main effect of experiment was
not significant [F(1,9) = 0.10], nor were there any signif-
icant interactions involving experiment.

The most interesting interaction was cue position X
target position X SOA. With left-side cues, there tended
to be facilitation for cued locations at all SOAs (combined
across Experiments 6A and 6B). With right-side cues,
there was marked facilitation at the 100-msec SOA and
inhibition at the 700-msec SOA.

The four-way interaction was not significant [F(4,26) =
1.85], although inspection of facilitation/inhibition at the
400-msec SOA suggests a differential pattern between the
experiments (see Table 11 and Figure 8). In Experiment 6A,
which was similar to the previous experiments, there was
facilitation for the cued box (10 msec) with left-side cues
(target in upper position) and inhibition (—7 msec) with
right-side cues (target in lower position). This pattern agrees
with that of the previous experiments, although the advan-
tages for the upper box over the lower box appear some-
what reduced. Thus, the earlier onset of the central flash
(200-msec SOA) did not (or not completely) prevent at-
tentive tracking of the left-to-right moving box.

In Experiment 6B, which was similar to the experiments
of Tipper etal. (1991), the pattern of facilitation/inhibition
at the 400-msec SOA appears reversed. With left-side cues,
there was a nonsignificant disadvantage (—5 msec) for the
cued box in the upper position relative to the uncued box
in the lower postition. With right-side cues, there was a non-
significant advantage (3 msec) for the cued box in the lower
position relative to the uncued box in the upper position.
Restated, there tended to be an advantage for the lower box
over the upper box, reversing the advantage for the upper
box over the lower box observed in Experiment 6A.

Note that the RTs for the lower position did not differ
between Experiments 6A and 6B. An ANOVA of the lower
position RTs at the 400-msec SOA, with main terms for
experiment and target position (cued/uncued box), failed
to reveal any significant effects (similarly, central position
RTs did not differ between the experiments). In other
words, the upper-box advantage in Experiment 6A and the

Table 11
Mean Reaction Times and Facilitation/Inhibition (in Milliseconds) in Experiment 6

Experiment 6A Experiment 6B
SOA (in milliseconds) SOA (in milliseconds)
Cue 100 400 700 100 400 700

Left

Central 355 290 227 353 292 232

Cued 363, 322, 261, 354, 343, 256,

Uncued 369, 332, 267, 363, 338, 266,

Facilitation/Inhibition +6 +10* +6 +9* -5 +10*
Right

Central 359 293 236 357 284 234

Cued 355, 335, 275, 360, 334, 277,

Uncued 381, 328, 257, 391, 337, 258,

Facilitation/Inhibition +26* —7* —18* +31* +3 —19*
Note—I = left position; r = right position; t = top position; b = bottom position. + indicates fa-

cilitation; — indicates inhibttion.

*Significant, & = .05.
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at the respective SOA.

upper-box disadvantage in Experiment 6B were due to a
specific advantage (9 msec) and, respectively, disadvantage
(—4 msec) for the upper position.

Errors. Anticipation and catch-trial errors were rare
overall (less than 1% on average, with no subject above
2%). An ANOVA of the arcsine-transformed anticipation
rates, with the factors experiment, cue position, target po-
sition, and SOA, failed to reveal any significant effects.
However, anticipations tended to be made only at the 700-
msec SOAs.

Discussion

In summary, it is unlikely that the SOA between the pe-
ripheral cue and the central flash (which is presented to
summon attention to the center) is critical for dynamic,
object-centered IOR to occur. In Experiment 6A, the fa-
miliar pattern of an advantage of the upper box over the
lower box was observed at the 400-msec SOA (though this
seemed reduced in comparison with the previous experi-
ments), suggesting attentive tracking of the left-to-right
moving box. A pattern looking anything like dynamic,
object-centered IOR was observed only in Experiment 6B,
with left-side cues, at the 400-msec SOA, with the cued
box in the upper position showing some (nonsignificant)
inhibition. However, the most likely explanation for this
pattern is to be found in the attentive-tracking account
outlined above. The box moving from left to right (which,
with left-side cues, happened to be the cued box) is tracked
(see Experiment 6A). However, the disruption of the box
motion when the target is exposed may lead to attentional
overshoot. That is, the target in the tracked box would ap-
pear outside the focus of attention, affecting RT to that tar-
get, perhaps due to a bias against returning attention to a
position scanned only recently. Such a bias would leave

RTs to targets in the untracked box relatively unaffected.
If data from only left-side cues are considered, such a pat-
tern of facilitation/inhibition could be mistaken for dy-
namic, object-centered IOR.

Note that, according to the attentive-tracking account,
no differential performance between Experiments 6A and
6B would necessarily be expected at the 700-msec SOA
because, at that time, the box motion had terminated.
Since the end positions of the box motions were entirely
predictable (semicircular rotation), the attentive-tracking
account would not predict an overshoot (i.e., box motion
would not be unpredictably disrupted in the brief-exposure
condition of Experiment 6B). Overshoot would only be
expected at the 400-msec SOA because it would not be
predictable whether or not the box motion would be inter-
rupted and a target would be presented at that time (in fact,
it was most likely that it would not). It is interesting to note
that Tipper et al. (1994) found no consistent evidence for
dynamic, object-centered IOR when the cued box rotated

Table 12
Summary of Reaction Time Analysis of Variance
Effects in Experiment 6

Effect F df MS, p
Main Effects
cp 13.40 1,9 40.67 .01
TP 118.87 2,18 302.49 001
SOA 120.93 2,18 3,103.41 001
Interactions
CP X SOA 6.60 2,18 27.39 01
TP X SOA 19.19 4,36 242.85 001
CP X TP X SOA 9.20 4,36 154.25 001

Note—CP = cued position; TP = target position; SOA = stimulus
onset asynchrony.
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only 180° (i.e., at SOAs around 700 msec), in contrast to
Tipper et al. (1991).

EXPERIMENT 7

Experiments 7A and 7B examined two further method-
ological differences between the present experiments and
those of Tipper et al. (1991). In the previous experiments,
the box motion commenced 100 msec after peripheral cue
onset, before the onset of the central flash (at 200- or 500-
msec SOAS); a target could appear at the 100-msec SOA.
In contrast, in the study of Tipper et al., the start of the box
motion coincided with the onset of the central flash
(200-msec SOA), and no targets were presented before
that time. The earlier onset of the box motion in the present
experiments, together with the possibility of an earlier tar-
get occurring, may have induced attentive tracking, which,
in turn, may have masked dynamic, object-centered IOR.”
Therefore, Experiments 7A and 7B examined whether dy-
namic, object-centered IOR would be observed when the
onset of the box motion and the central flash occur at the
same time and/or when no targets are presented before
that time. The SOA between peripheral cue and central
flash/box motion onset was 200 msec in Experiments 7A
and 7B (as in Tipper et al., 1991). The difference between
the two experiments was whether or not a target could
occur before the central flash/box motion onset (cue—target
SOAs: 100, 500, or 800 msec in Experiment 7A; 500 or
800 msec in Experiments 7B). A target, once presented,
stayed on and moved continuously inside its box until re-
sponse. This was done to preclude the possibility of arti-
factual IOR produced by target exposure during unpre-
dictable pauses of the box motion (see Experiment 6B);
furthermore, objects in the real world tend to move con-
tinuously without stopping to display a critical “target”
signal.

One further variable investigated in Experiment 7 was
the response hand. Experiment 5 had shown that IOR in
stationary displays is dependent on the response hand:
IOR tended to be stronger for crossed cue-hand relation-
ships than for corresponding cue—hand relationships. Ex-
periment 7 asked whether attentive tracking in dynamic
displays (if not abolished by the above changes to the dis-
play parameters) would also be affected by response hand.
Specifically, the tendency in the previous experiments to
track the object that moved from left to right may have
been induced by the use of the right hand to respond. If
even a simple manual response to an object involves pro-
gramming of a directed response, and if the right hand is
better suited to intercept an object moving from the left to
the right, this could explain (or at least contribute) the
left-to-right tracking preference. Accordingly, this prefer-
ence should be reversed (or at least diminished) when sub-
jects use the left hand to respond. There is evidence for the
idea that the particular motor systern used for response in-
fluences the allocation of visual attention. For example, left
visual neglect patients may show reductions in neglect with
active left-hand movements in the left hemifield (e.g.,
Halligan & Marshall, 1989; Joanette, Brouchon, Gauthier,

& Samson, 1986; Robertson & North, 1993; see also Riz-
zolatti & Gallese, 1988). By varying response hand, Ex-
periment 7 was designed to extend this idea to the inter-
action with dynamic displays.

Method

Subjects. Ten subjects (7 males and 3 females, with ages ranging
from 18 to 38 years) participated in Experiments 7A and 7B. They
all had normal or corrected-to-normal vision. All subjects were
right-handed (as assessed by Edinburgh Inventory; Oldfield, 1971).
They were paid £4.00 per hour.

Apparatus. Stimuli were presented on a Tektronix 608 X-Y
monitor with a (very fast decay) P15 phosphor. The monitor was dri-
ven by a Dell 433/M computer by way of an Interactive Electronics
Systems oscilloscopic point plotter (Finley, 1985). The subjects re-
sponded by pressing the left or right button of the Microsoft mouse
placed in front of them. All other technical details were the same as
in the previous experiments.

Procedure. The procedure was the same as that used previously
except for the following differences. The box motion (in clockwise
direction) started 200 msec after the peripheral cue onset, coincid-
ing with the onset of the central flash. The cue—target SOAs were
100, 500, or 800 msec in Experiment 7A and 500 or 800 msec in Ex-
periment 7B. Central targets were not presented. In both experiments,
the motion of the boxes was smooth (i.e., 120/2 displacements per
semicircle). Experiment 7A consisted of 1,440 trials [2 response
hand X 2 cue position X 3 SOA X (50 cued + 50 uncued) + 240
catch trials]; Experiment 7B consisted of 960 trials [2 response hand
X 2 cue position X 2 SOA X (50 cued + 50 uncued) + 160 catch tri-
als]. The subjects performed 720 Experiment 7A trials and 480 Ex-
periment 7B trials in each of the two sessions, with the order of ex-
periment counterbalanced across subjects. Within a session, the
subjects responded with either the left hand or the right hand, with
the order of response hand counterbalanced across sessions. The
subjects were informed at the beginning of each experimental (7A
or 7B) block of trials whether or not to expect any targets before the
central flash onset (i.e., 100-msec SOA).

Results

RTs. Table 13 presents the group mean RTs, across
SOA, for targets at cued and uncued positions, separately
for left and right cues and for left and right hand re-
sponses; the data for the 500- and 800-msec SOAs were
combined across Experiments 7A and 7B (because there
were no significant differences between the experiments;
see below). Figure 9 illustrates the corresponding patterns
of facilitation/inhibition across SOA.

The RT data were examined initially by a repeated
measures ANOVA, with main terms for experiment (7A
or 7B), response hand, cue position, target position, and
SOA (500 or 800 msec; the 100-msec SOA data of Ex-
periment 7A were ignored in this analysis). Importantly,
there were no significant effects involving experiment.
This indicates that responses, at 500- and 800-msec
SOAs, were unaffected by whether or not a target could
be presented before the box motion and central flash on-
sets.

Since there were no differences between Experiments
7A and 7B at the 500- and 800-msec SOAs, the data were
combined and subjected to a repeated measures ANOVA,
with main terms for response hand, cue position, target
position, and SOA (100, 500, or 800 msec; note that the
100-msec SOA data of Experiment 7A were included in
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Table 13
Mean Reaction Times and Facilitation/Inhibition (in Milliseconds) in Experiment 7
Left Hand Right Hand
SOA (in milliseconds) SOA (in milliseconds)
Cue 100 500 800 100 500 800

Left

Cued 506, 364, 367, 516, 355, 356,

Uncued 519, 368, 375, 525, 369, 367,

Facilitation/Inhibition +13* +4 +8* +9* +14* +11*
Right

Cued 518, 371, 368, 506, 366, 359,

Uncued 522, 367, 366, 524, 364, 359,

Facilitation/Inhibition +4 —4 -2 +18* -2 0

Note—I1 = left position; r = right position; t = top position; b = bottom position.
* Significant, a = .05.

cilitation; — indicates inhibition.

this analysis). Significant main effects and interactions
are listed in Table 14.

RTs to targets in cued boxes overall were faster than
RTs to targets in uncued boxes (main effect of target posi-
tion). Furthermore, this advantage for cued box targets
was more marked with left-side cues than with right-side
cues (11 vs. 3 msec) (cue position X target position inter-
action). Table 13 and Figure 9 show that, with left-side
cues, a cued-box advantage (facilitation) was manifest at
all three SOAs (+11, +9, and +10 msec)—that is, for the
left (cued), top, and right positions on the motion circle.
In contrast, with right-side cues, there was facilitation
only at the 100-msec SOA, for the right (cued) position
(10 msec). At the 500- and 800-msec SOAs (i.e., for the
bottom and left positions), there tended to be inhibition
(—5 and —1 msec). This pattern is consistent with atten-
tive tracking of the box moving from left to right.
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The early facilitation for the cued position (at 100-msec
SOAs) was more marked when the relationship between
that position and response hand were corresponding than
when it was crossed (16 vs. 7 msec; see Figure 9 and
Table 13). A similar pattern was found by Possamai (1991)
with spatially uninformative cues (recall that the cues in
Experiment 7 were uninformative).

Furthermore, the tendency to track the left-to-right mov-
ing box appeared stronger when the subjects responded
with the right hand rather than the left hand (marginally
significant response hand X cue position X target posi-
tion X SOA interaction). In particular, at 500-msec SOAs,
there was significant facilitation for the left-cued (left-to-
right moving) box in the top position only for right-hand,
but not for left-hand, responses (14 vs. 4 msec). Never-
theless, even with left-hand responses at 500-msec SOAs,
there was a nonsignificant advantage for the left-to-right
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Figure 9. Mean reaction time facilitation/inhibition as a function of cue—target SOA, separately for left- and right-side cues with
(A) left-hand responses and (B) right-hand responses. The icons along the x-axis indicate the positions of the cued (filled) and uncued

(unfilled) boxes at the respective SOA.



244 MULLER AND von MUHLENEN
Table 14
Summary of Reaction Time Analysis of Variance
Effects in Experiment 7
Effect F ar MS, ¥4

Main Effects

TP 12.46 1,9 166.19 .01

SOA 243.40 2,18 2,524.22 .001
Interactions

CP X TP 5.17 1,9 166.80 .05

RH X TP 4.84 1,9 61.42 .075

RH X CP X SOA 3.56 2,18 82.12 .05

RH X CP X TP X SOA 3.02 2,18 88.28 .075

Note—RH = response hand; CP = cued position; TP = target position;
SOA = stimulus onset asynchrony.

moving box in the top position, both with left-side and
right-side cues (4-msec advantage in both cases).

Errors. Anticipation and catch-trial errors were rare
overall (less than 1% on average, with no subject above
2%). An ANOVA of the arcsine-transformed anticipation
rates, with the factors experiment, cue position, target po-
sition, and SOA, failed to reveal any significant effects.
However, anticipations tended to be made only at the 800-
msec SOAs.

Discussion

Experiments 7A and 7B showed no evidence of dy-
namic, object-centered IOR; rather, the data were consis-
tent with attentive tracking of the box that moved from left
to right. Experiments 7A and 7B differed from the previ-
ous experiments in that the box motion started at the same
time as the central flash occurred, 200 msec after periph-
eral cue onset. Experiments 7A and 7B differed from each
other in whether or not a target could be presented before
the central flash/box motion onset. The fact that no dy-
namic, object-centerd IOR was observed in Experiments
7A or 7B argues that these variables are not crucial for the
effect to occur.

Instead of dynamic, object-centred IOR, evidence of
attentive left-to-right tracking was found in Experiment 7.
However, the fact that the evidence was less strong than that
found in Experiments 2, 3, and 4—in which the central
flash occurred 500 msec after peripheral cue onset—sug-
gests that the early onset of the central flash in Experiment 7
interfered with attentive tracking (see also Experiment 6).

Furthermore, Experiment 7 showed evidence of a
response-hand effect on attentive tracking. The left-to-right
tracking preference appeared more marked when the right
hand was used to make a simple keypress response to the
target. This points toward the influence of a dynamic
stimulus—response compatibility effect in producing sim-
ple manual reactions to moving objects. Assuming that even
a simple manual response involves (at least rudimentary)
preparation of a directed movement to interact with the
target, the use of the right hand would be more appropri-
ate for an object moving from the left to the right (on a cir-
cular trajectory). Therefore, the use of the right hand might
produce a response bias to, and/or promote attentive track-
ing of, the left-to-right moving box. However, the fact that

some (nonsignificant) advantage was also evident with
left-hand responses suggests that other factors contribute to
determine the preferred tracking direction—in particular,
overlearned left-to-right scanning in reading. (These sug-
gestions concerning the role of response hand in left-to-right
attentive tracking should be viewed as tentative, since the
relevant interaction was only marginally significant.)

GENERAL DISCUSSION

IOR in Static Displays

In Experiments 1, 2, and 5 (with the latter being the con-
trol condition for Experiments 3, 4, and 6), patterns of early
facilitation and later inhibition (IOR) were found under
the stationary conditions. This means that the present ex-
perimental conditions were conducive to the manifesta-
tion of the standard (environmental) IOR effect. All ex-
periments taken together, the early facilitation (100-msec
SOA) showed no difference between left- and right-side
cues (12 vs. 13 msec) (facilitation/inhibition combined
across experiments). However, IOR (1,300-msec SOA) was
larger with left-side cues than with right-side cues (—21
vs. —12 msec). Experiment 5 provided evidence pointing to
the role of the response hand in producing this asymme-
try. IOR tended to be greater when the relationship be-
tween response hand and cue position was crossed than
when it was corresponding (—23 vs. —12 msec).

Considered together with the experiment of Possamai
(1991), the present experiments show that the pattern of
early facilitation and later IOR for cued locations cannot
be adequately explained without recourse to response
mechanisms. Furthermore, a purely response-based account
of these effects is possible in principle (see Discussion of
Experiment 5). However, there is evidence from other
studies that the early facilitation involves a perceptual
component—that is, enhanced detectability of targets
(even of simple luminance increments) at cued locations
(e.g., Downing, 1988; Miiller & Humphreys, 1991). In
the present experiments, perceptual facilitation may have
added to the motor priming of simple manual responses to
such targets. In contrast, there is little evidence of later
IOR effect involving perceptual inhibition. Several stud-
ies have reported failure to find any IOR in choice RT
tasks requiring target/nontarget discrimination (form dis-
crimination, Egly, Rafal, & Henik, 1992, and Terry,
Valdes, & Neill, 1994; color discrimination, Kingstone &
Gazzaniga, 1992; size discrimination, Pontefract & Klein,
1988 [reported in Klein & Taylor, 1994]) or in tasks re-
quiring judgments of the temporal order in which stimuli
appeared at cued and uncued locations (e.g., Maylor,
1985; but see Gibson & Egeth, 1994a).8 An IOR effect on
choice RTs has been observed only in tasks requiring a
saccadic or manual localization response (e.g., Gibson &
Egeth, 1994a; Maylor, 1985).

In the light of these studies, the results of Experiment 5
would best fit with a response-based account of the IOR
effect. Such an account has recently been suggested by
Klein and Taylor (1994): “IOR is a reluctance to respond
to an event at the inhibited location.” The effect is coded



in some response-relevant “map of spatial locations” (i.e.,
“motor representations used to locate objects in space™),
distinct from visual representations subserving, for exam-
ple, form, color, and size discrimination (which are not
subject to IOR). Klein and Taylor’s account makes the as-
sumption that, “normally, detection responses [e.g., sim-
ple RT task] are implicitly ‘to a spatial location.”” IOR
arises due to a “criterion shift ... for ‘responses to’ stimuli
from a particular location.”

IOR in Dynamic Displays

While the present experiments replicated the standard
(environmental) IOR effect (see Posner & Cohen, 1984),
they failed to provide any evidence of dynamic, object-
centered IOR (see Tipper et al., 1991, Tipper et al., 1994)
in any of the moving conditions. Experiments 3, 4, 6A,
and 7 showed that the failure to replicate the effect cannot
be attributed to different types of object motion used by
Tipper et al. and in (some of) the present experiments, dif-
ferent object eccentricities, different SOAs between pe-
ripheral cue and central flash, asynchrony of the box mo-
tion and central flash onset, or presentation of targets
before these events.

However, all moving experiments consistently produced
evidence of attentive tracking of the object that moved from
left to right, no matter whether in clockwise or counter-
clockwise direction. Attentive tracking of left-to-right
moving objects was in evidence even with valid right-side
cues (Experiments 2, 3, and 4). That is, within 150~
300 msec after the cue, the uncued (left-to-right moving)
box was tracked despite the fact that the target was four
times more likely to appear in the cued (right-to-left mov-
ing) box prior to the central flash (500-msec SOA). In
other words, the tracking tendency proved stronger than
any attempts to allocate attention in accordance with the
known signal probabilities. Furthermore, attentive track-
ing was not (or at least not completely) interrupted by the
central flash, regardless of whether the flash was pre-
sented 500 msec (Experiments 1, 2, 3, and 4) or 200 msec
(Experiments 6 and 7) after cue onset.

The only pattern in any way suggestive of dynamic,
object-centered IOR was observed in Experiment 6B.
With left-side cues at the 400-msec SOA, RT's to cued-box
targets in the upper position tended to be slower than RTs
to uncued-box targets in the lower position despite atten-
tive tracking of the cued box (as evidenced in Experi-
ment 6A). However, this effect is unlikely to reflect dy-
namic, object-centered IOR because there also tended to
be a disadvantage for the upper position relative to the
lower position with right-side cues (i.e., the uncued-box
target in the upper position tended to be inhibited). The
most plausible explanation for this pattern is provided by
attentive tracking of the upper (left-to-right moving) box,
with attention overshooting that box due to the box motion
being unpredictably disrupted by the target presentation.

Interestingly, Tipper et al. (1994), in their Experiments
1-3, found no RT difference between the cued and uncued
boxes after a 180° rotation (in contrast to Experiments 2 and
3 of Tipper et al., 1991, which showed no evidence of re-
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duced dynamic, object-centered IOR after semicircular ro-
tations). This would agree with the present Experiment 6,
where the absence of any such effect was attributed to the
box motion having come to a predictable halt. However,
Tipper et al. (1994) argued that, with a 180° rotation, IOR
to the environmental location of the cue (e.g., left) is coun-
terbalanced by object-centered IOR to the cued box
(right), the assumption being that environmental IOR and
dynamic, object-centered IOR are separable components
of the IOR effect (see their Experiments 4 and 5).

By contrast, the moving conditions of the present ex-
periments produced little evidence of either dynamic,
object-centered IOR (as already discussed) or environmen-
tal IOR. For example, consider the facilitation/inhibition
for the 700/800-msec SOAs, when the boxes had rotated
by 180°, and the 1,300-msec SOA, after they had rotated
by 360°.% After 180° rotations, a cued box that had been at
the left position at the time of the cue (left-cued box) had
moved into the right position, and a cued box that had
been at the right position at the time of the cue (right-cued
box) had moved into the left position. RT's to targets in the
left-cued box occupying the right position (after 180° ro-
tation) showed facilitation (8 msec), whereas RTs to tar-
gets in the right-cued box occupying the left position
showed inhibition (—9 msec). After 360° rotations, a left-
cued box had moved back into the left position and a right-
cued box had moved back into the right position. RTs to
targets in the left-cued box on the left showed inhibition
(—11 msec), whereas RTs to targets in the right-cued box
on the right tended to show facilitation (+4 msec).

Any attempt to account for this pattern in terms of an-
tagonistic environmental and object-centered IOR (see
Tipper et al., 1994) would lead to contradictions. At 180°
rotation, IOR to the environmental location of the cue
would be inferred to outweigh object-centered IOR to the
cued box with left-side cues, and vice versa with right-side
cues. A similar problem arises at 360° rotation where the
environmental and dynamic, object-centered components
of IOR should add to each other (because the cued box has
returned to the environmental position of the cue) (see Tip-
per et al., 1991). However, only the left box exhibited in-
hibition, the right (if anything) exhibited facilitation, and
the inhibition was equivalent to that at 180° rotation. The
most parsimonious account of these data is provided by a
preference for targets (that move from the left) to the right.

Furthermore, note that, at the 1,300-msec SOA, inhibi-
tion for cued boxes in the left position was —21 msec in
the stationary conditions and —11 msec in the moving
conditions (after 360° rotation); similarly, inhibition for
cued boxes in the right position was — 12 msec in the sta-
tionary conditions but +4 msec (i.e., inhibition was ab-
sent) in the moving conditions. This pattern of (approxi-
mately additive) effects suggests that no environmental
[OR was operating in the moving conditions, only a 10- to
16-msec preference for right-side targets (stationary con-
dition) or left-to-right moving targets (moving condition).

Perhaps the box motion prevents environmental IOR
from becoming manifest under the moving condition. Mo-
tion is achieved by rapid (apparent-motion-type) displace-
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ments of the peripheral boxes, which are thought to act
analogously to peripheral (onset) cues (e.g., Folk, Rem-
ington, & Wright, 1994). For example, the displacements
might place attentional priority tags on the changing box
positions (e.g., Yantis & Johnson, 1990; Yantis & Jones,
1991), canceling any inhibitory tags placed by the cue. (One
could object that there are two simultaneous displace-
ments [i.e., two moving boxes]. But there is evidence that
multiple locations can be tagged simultaneously.) For the
same reason, the flash in the display center may not be suf-
ficient to hold attention in the center (because priority tags
continue to be placed in the periphery).

Dynamic, Object-Centered IOR and
Attentive Tracking

Although the present experiments did not produce any
evidence of dynamic, object-centered IOR, they do not rule
out its existence. Later experiments by Tipper et al. (1994;
reviewed earlier in this paper) replicated the effect under
conditions more varied than those used in the Tipper et al.
(1991) study and in the present study (see also Abrams &
Dobkin, 1994).10

Perhaps, dynamic, object-centered IOR may be observed
only under conditions that effectively prevent attentive
tracking. It is possible that Tipper and his colleagues were
more successful in doing so than we were in the present
experiments. There may be several reasons for this. The
first is that their experiments (with one exception) used
rotations of 180° or less (see also Abrams & Dobkin, 1994,
who required a saccadic response to the target presented
in a box that had rotated 90°) versus rotations of 360° in
the present Experiments 1, 2, 3, 4, and 7. Perhaps, attentive
tracking becomes an established strategy only with larger
than semicircular rotations. Some evidence for this may
be provided by the present Experiment 6A, which used
180° rotations and in which tracking appeared reduced
(though not completely abolished). However, Experi-
ment 3 of Tipper et al. (1991) would seem to argue against
this possibility. In that experiment, they used a 270° rota-
tion and still observed dynamic, object-centered IOR. A
second reason might be found in the fact that, in some of
their later experiments, Tipper et al. (1994) presented mul-
tiple (i.e., more than two) objects of different colors and,
probably, different luminances. In other words, there were
various competing stimulus attributes by which an object
could be selected for tracking (luminance, color, motion).
This could have prevented consistent attentive tracking.

Another possibility is that dynamic, object-centered
IOR is observed early during subjects’ performance on the
task but is then replaced by attentive tracking. Assuming
that “[object-centered IOR] mechanisms are used spar-
ingly” (perhaps because they are demanding), “inhibition
[may be] abandoned when other strategies can be devel-
oped” (S. P. Tipper, personal communication, May 6, 1995).
Thus, dynamic, object-centered IOR would be manifest in
the experiments of Tipper and colleagues that often had no
more than 150 trials, but not, or only initially, in the pre-
sent experiments (which consisted of several thousand tri-
als in total). To test whether dynamic, object-centered IOR

was evident early on in the present experiments, the data
were reanalyzed, comparing task performance between
the first and second halves of each experiment. These analy-
ses failed to reveal any evidence of a (strategic) change in
task performance with practice. However, since the sub-
jects were familiarized with the task in a session of un-
recorded practice trials (on the day preceding the actual
experiment), any change in task performance could have
occurred prior to the recorded trials. More controlled stud-
ies of practice effects are therefore in order. Tipper and
colleagues, who are currently conducting such a study,
have preliminary evidence that dynamic, object-centered
IOR (and environmental IOR) does indeed disappear dur-
ing the course of practice (S. P. Tipper, personal commu-
nication, May 6, 1995). Furthermore, work in our labora-
tory (using a paradigm kindly supplied to us by Tipper and
colleagues) suggests that subjects experienced with visual
detection experiments, but not necessarily IOR experiments,
do not show dynamic, object-centered IOR (not even dur-
ing the first 150 trials), in contrast to inexperienced sub-
jects who show evidence of the effect. If confirmed, prac-
tice effects such as these would argue that object-centered
IOR in dynamic displays is strategic (i.e., nonautomatic)
in nature, perhaps involving the development of object at-
tributions. This is in contrast to the cuing effects in static
displays and attentive tracking in dynamic displays, which,
in the present experiments, proved to be robust across many
thousands of trials—suggesting that the underlying mech-
anisms are invoked automatically.

Even if one disregards the possibility that dynamic,
object-centered IOR may be observed only early during
practice, the effect (when observed) may be rather small
(e.g., —6 msec in Experiment 6 of Tipper et al., 1994).
This raises the question as to the functional importance of
dynamic, object-centered IOR in the scanning of scenes
containing moving objects, especially since dynamic
scenes are likely to invoke attentive tracking. Note that
attentive tracking may play an important role for main-
taining the spatiotemporal continuity of object represen-
tations—in particular, “in resolving correspondence in ap-
parent motion displays, where one set of items is replaced
with a second set” (Cavanagh, 1993, p. 178), or in real-life
scenes where a moving object is briefly occluded, wholly
or in part, by other stimuli closer to the observer (see also
Yantis & Gibson, 1994).

The present experiments provided consistent evidence
of attentive tracking but could offer only some tentative
suggestions as to why there should be a tracking prefer-
ence for objects moving from left to right. The source of
this preference is likely to be found in the overlearned
scanning direction in reading. But there also appears to be
an effect of the response hand modifying this directional
preference: Left-to-right scanning appeared more marked
with right-hand responses (but was still evident with left-
hand responses; Experiment 7). This points to the existence
of a dynamic stimulus-response compatibility effect that
is different from the Simon-type effect in static displays.
In static displays, there is a bias toward objects on the
same side as the response hand, which show enhanced fa-



cilitation (at least with uninformative cues) and reduced
IOR (Possamai, 1991; Experiment 5). In contrast, in dy-
namic displays, there tends to be a bias toward objects that
approach the response hand from the contralateral direc-
tion (Experiment 7), perhaps because that hand is best
suited to interact with (intercept or grasp) the approaching
object. Further work is necessary to confirm and clarify the
nature of this dynamic tracking preference. In current ex-
periments (Miiller & von Miihlenen, 1995), we ask whether
a reversed, but hand-dependent, tracking preference is
found in readers of languages written from right to left,!!
whether the tracking preference generalizes to types of ob-
ject motion other than the rotation used in the present ex-
periments (e.g., linear motion), and whether the tracking
preference is dependent on displays containing two objects
(rather than just one) that move in opposite directions.

Conclusion

Human responses to objects in the visual environment
are modulated by powerful spatial-attentional biases, such
as preferences for objects in certain regions of the field
and/or dynamic preferences for objects that move in cer-
tain directions. The right-side bias, and the tendency to track
stimuli that move from left to right, may be explained in
terms of overlearned scanning direction, but constraints
arising from the response system also are likely to play a
role (e.g., objects to the right, and moving from left to
right, naturally attracting a right-hand response). One fur-
ther bias is the tendency not to reattend to an object that
attracted a stimulus-driven orienting response (the IOR ef-
fect). However, the present experiments cast doubt on the
generality, if not the functional significance, of dynamic,
object-centered IOR, which is supposed to move with the
previously attended object. It appears that dynamic, object-
centered IOR is observed only under some special exper-
imental conditions, and only early during (inexperienced)
subjects’ performance on the task.
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NOTES

1. The only attempt not to make the parallel/serial distinction is Dun-
can and Humphreys’s (1989) “similarity theory.” However, ultimately,
even similarity theory has to admit the need for some spatially serial
scanning mechanisms (see Humphreys & Miiller, 1993).

2. Henceforth, facilitation (an RT advantage for cued over uncued
objects/positions) will be denoted by a positive sign; inhibition (an RT
disadvantage for cued relative to uncued objects/positions) will be de-
noted by a negative sign.

3. Gibson and Egeth (1994b) have recently described another type of
object-centered IOR that is different from the dynamic, object-centered
IOR effect (i.e., IOR moving with whole-object [“global”] displace-
ments) reported by Tipper et al. (1991). Gibson and Egeth found that
IOR also accrues to points on the surfaces of a line drawing of a volumet-
ric object (€.g., a brick) that change environmental position in a depth ro-
tation of the object. They concluded that (one component of) IOR is as-
sociated with locations (surfaces) that are fixed with respect to an object
rather than the environment.

4, In fact, the present Experiments 1-6 were carried out before the
publication of the studies of Tipper et al. (1994) and Abrams and Dobkin
(1994),

5. In contrast, the saccadic eye movement system prefers targets in the
upper visual field (e.g., Heywood & Churcher, 1980; Honda & Findlay,
1992). See Previc (1990) for a review of visual field effects.

6. Data estimated from Figure 1 of Possamai (1991).

7. According to S. P. Tipper (personal communication, October 4, 1994),
“the target presented after only 100 msec may have affected whether
object-based IOR was engaged.”

8. Gibson and Egeth (1994a) have recently reported IOR in a tempo-
ral order judgment (TOJ) task in which subjects had to indicate the lo-
cation of the target presented first (left/right-hand choice RT task). Their
account assumes that facilitation from the cue persists at long cue-target
SOAs but is typically masked by the more dominant IOR effect. How-
ever, IOR may be released by a second stimulus (at another task-relevant
location) presented after the cue but before the target at the cued loca-
tion (i.e., there is relatively fast-acting “disinhibition of return” [DOR]),
which would allow any remaining facilitation to become manifest. Note
that Gibson and Egeth found evidence of IOR only with reference to a
neutral (central cue) condition, but not in terms of an RT disadvantage
in responding to the first target at the cued location relative to the first
target at the uncued location. Gibson and Egeth argued that such a dis-
advantage was hard to observe in the TOJ task because DOR facilitated
the processing of a target at the cued location. According to Gibson and
Egeth, facilitation “expands” the temporal interval between the two tar-
gets when the first target appears at the cued location (and the second at
the uncued location), or it “compresses” the interval when the second tar-
get appears at the cued location (and the first at the uncued location).
Consequently, in the latter condition, responding to the first target at the
uncued location at longer SOAs would be slowed because that target
would, within 50-100 msec, produce DOR to the second target at the
cued location, making the task harder by compressing the temporal in-
terval to be resolved. Gibson and Egeth thus prefer a perceptual account
of IOR in the TOJ task, though they concede that a response-based ac-
count could go some way in explaining their findings. Furthermore, their
crucial argument against a response-based account of IOR (see Gibson &
Egeth, 1994a, p. 677) is debatable (Schmidt, Klein, & Miiller, 1995).

9. The values reported in the example are the facilitation/inhibition
combined across the relevant experiments: Experiments 2, 3, 4, 6, and 7



for 180° rotations (700/800-msec SOAs), and Experiments 2, 3, and 4 for
360° rotations (1,300-msec SOAs).

10. The existence of dynamic, object-centered IOR would not be at
variance with the suggestion made above that the standard (environ-
mental) IOR effect reflects response inhibition (see Klein & Taylor,
1994). Instead of affecting a response-relevant representation of stimu-
lus location, dynamic, object-centered IOR might influence a different
representation, such as the “object-file” system of Kahneman et al.
(1992). In other words, environmental and dynamic, object-centered IOR
may indeed be dissociable (see Abrams & Dobkin, 1994; Tipper et al.,
1994). For example, Abrams and Dobkin found that, after a quarter-
circle movement of a peripherally cued box, the latency of saccadic eye
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movements to that box showed evidence of IOR only if the imperative
signal for making the saccade occurred inside the cued box (not if it oc-
curred in the display center). From this, Abrams and Dobkin argued that
some stimulus coding stage is affected by dynamic, object-centered IOR,
but not the eye movement as such. But see Klein and Taylor (1994) for an
attempt at a response-inhibition account of dynamic, object-centered IOR.

11. We are grateful to A. Kramer for suggesting this experiment to us
(A. Kramer, personal communication, October 4, 1994).
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