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To better understand the role of visual-spatial atten-
tion for vision and for the control of action, researchers
present visual cues, followed by targets, and record the re-
sponse latencies of their observers. In one seminal study
of this kind, Posner and Cohen (1984) reported that man-
ual detection responses to peripheral target onsets could
be either facilitated or inhibitedby the prior presentation
of peripheral cues. Replicating earlier work, they found
that detection responses were shorter when the response-
relevant target appeared at the cued location than when it
appeared at the uncued location, provided that the time
between the onsets of the cue and the target (stimulus onset
asynchrony, or SOA) was less than 300 msec. Unexpect-
edly, they also found the reverse pattern of results, with
target detection being slower at the cued location when
the SOA was greater than 300 msec. This later occurring
inhibitory effect of cuing was termed inhibitionof return
(IOR).

The traditional view of IOR is that longer reaction
times (RTs) to targets at cued than at to uncued locations
reflect the output of a mechanism that inhibits attention
from returning to previouslyattended locations(e.g.,May-
lor & Hockey, 1985; Posner & Cohen, 1984; Tipper, Dri-
ver, & Weaver, 1991). An alternative view has recently
been championed by Klein and Taylor (1994; Taylor &
Klein, 1998, 2000; see also Rafal, Calabresi, Brennan,&
Sciolto, 1989), in which the mechanism underlying IOR
is motor, not attentional, in nature. This view suggests
that IOR reflects a motor bias against responding to stim-
uli that occur at, or near, locations to which an eye move-
ment has been programmed. Thus, it is possible to sepa-
rate these alternativeviewpoints into an attentional theory
and a motor theory of IOR.
In conceptualizing the motor theory of IOR, Taylor

and Klein (1998) examined what types of cues might
generate IOR and what types of responses might reveal
the inhibitory effect.1 On the basis of the literature, they
suggested that any peripheral cue, regardless of whether
it is responded to with an eye or a manual response, or
not responded to at all, will generate IOR, because the
abrupt appearance of a peripheral cue will automatically
generate eye movement programming to the location of
the cue. Central cues are also capable of generating IOR,
but only if an eye movement is planned or executed to the
location indicatedby the central cue. This view, first sug-
gested by Rafal et al. (1989) in their study in which pe-
ripheral and central cues were used, implicates oculo-
motor activity as the critical component in generating
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To examine whether the motor inhibition of return (IOR) postulated by Taylor and Klein (1998,2000)
generalizestomanual guidedmovements or is restrictedto saccadicresponses, the following three ex-
perimentswere conducted. The first experiment combined peripheral cues (which generate IOR) with
four types of manual responses made to central targets (central arrow indicating the response loca-
tion). The responses were made on a touch-screen and were the equivalent of either a detection key-
press, a choice keypress, a detection-guided pointing movement, or a choice-guided pointing move-
ment. No IOR was found for any of the responses. The second experiment replicated the main result
under eye fixation control. In Experiment 3, peripheral cues and peripheral targetswere used, and IOR
was present in all responses. Overall, these findings suggest that motor-based IOR is restricted to the
oculomotor system. Implications for motor-based IOR and attention-based IOR are discussed.
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IOR. By consequence, this view also suggests that IOR
will not be generated with manual responses, or no re-
sponses, to central cues.
Taylor and Klein (1998) also specified what types of

responses should be sensitive in revealing IOR. The
motor view suggests that because there is a motor bias
against responding to a location, the initiation of either
manual keypress or saccadic eye movement responses to
peripheral targets will be inhibited. In addition, saccades
made in response to a central target will be inhibited,be-
cause such a response is also made to a specific (inhib-
ited) spatial location (see, also, Abrams &Dobkin, 1994).
A manual keypress response to a central target will not
be inhibited, however, because it can be made with the
information at the fixation location, and no information
from (inhibited) peripheral locations is required. Thus,
in order to show IOR, the cue must generate IOR, and
the response must be sensitive to IOR.
These predictions were recently tested by Taylor and

Klein (2000). Of the 24 conditions they reported in the
paper, 2 are particularly important in the present context.
Both of the 2 conditions used peripheral cues (which
were not responded to), followed by central arrow targets.
In one condition, a choice keypress (left or right index
finger) was made in response to the central arrow target.
This condition failed to show IOR. In the other condition,
a saccadic eye movement was made to a peripheral box
indicated by the central arrow (left or right box), and this
experiment showed IOR. It is worth noting that neither of
these conditions or results was new; they had previously
been reported by Abrams and Dobkin (1994; see, also,
Abrams & Pratt, 2000). However, Abrams and colleagues
were interested specifically in the effect of IOR in the
oculomotor system. In the context of Taylor and Klein’s
(1998) proposal and the other conditionsreported by Tay-
lor and Klein (2000), the above findings suggest that
there is a dissociation between visual-processing IOR
(which may be due to inhibited attentional reorienting)
andmotor IOR (the slowing of directedmotor responses).
In discussing the dissociationbetween visual-processing

IOR and motor IOR, Taylor and Klein (2000) noted that
several critical questions remain regarding the nature of
IOR. One such question is whether or not manual point-
ing movements made in response to central targets will
show IOR. As Taylor and Klein (2000) suggested, “the
answer to this . . . question is fundamental to the issue of
whether the saccadic system really is the determinant of
the type of inhibition that is observed or whether any
spatially directed response may also produce a general
motor inhibition” (p. 1653). In other words, if IOR is
found with manual pointing responses and central tar-
gets, motor IOR is not limited to the oculomotor system
but must be a more general form of motor inhibition.
However, if IOR was not found with manual pointing re-
sponses and central targets, motor IOR may indeed be
limited to the oculomotor system. The examination of
various types of manual responses (keypress and point-

ing) to both central and peripheral targets with regard to
IOR was the focus of the present study.
Eye and handmovements differ in a number of ways—

for example,with regard to their goals (information acqui-
sition vs. object manipulation) and their motor-planning
demands (cf. Fischer, 1997, p. 21, for details). However,
there are reasons to expect that motor IOR will be found
with central targets and manual pointing responses. First,
as was noted by Bekkering, Pratt, and Abrams (1996),
pointing movements share many features with saccadic
eye movements. Importantly, both responses are spa-
tially localized; they require spatial information in order
to be completed. Indeed, Bekkering et al. found evidence
that the gap effect, previously thought to be limited to
saccadic responses, produces robust effects on manual
pointing responses. Second, both saccades and manual
pointing involve the superior colliculus (SC; e.g., Stup-
horn, Hoffmann, & Miller, 1999;Werner, 1993). The SC
has also been implicated by Taylor and Klein (1998,
2000) as the likely locus of motor IOR. Indeed, there is
now direct evidence that IOR is reflected at the single-
unit level in the SC (Dorris, Klein, Everling, & Munoz,
2002) and is not found when there is damage to the SC
(Sapir, Soroker, Berger, & Henik, 1999). Thus, one can
expect that guided pointing movements will show IOR
with central targets in the same manner that saccadic eye
movements do.
The present study consists of three experiments. In the

first experiment, peripheral no-response cues were fol-
lowed by central targets that required various types of
manual responses. These responses included two types
of keypress responses and two types of guided pointing
responses. As was found by Taylor and Klein (2000), the
two keypress conditions did not show IOR with the cen-
tral targets. More important, IOR was also not found
with either type of manual pointing response. The find-
ing of no IOR with central targets and pointing responses
was replicated in Experiment 2, which also used eye
movement monitoring for fixation control. In the third
experiment, the same cues and responses were used as in
the f irst experiment, but with peripheral targets. IOR
was obtained in all conditions. In conjunction with pre-
vious studies, the present results suggest that motor IOR
may be limited to the oculomotor system.

EXPERIMENT 1

This experiment combined peripheral no-response
cues with central targets, the same cue–response pairing
that did not yield IOR for Taylor and Klein (2000). How-
ever, unlike in Taylor and Klein (2000), four different
types of manual responses were used, rather than just
choice keypresses. For one response (simple touch, or
ST), the participant was required to touch one predeter-
mined peripheral response location upon the appearance
of the central arrow target, irrespective of its direction.
Essentially, ST was a simple detection response, involv-
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ing only one hand. For another response (choice touch,
or CT), the participants were required to touch one of
two peripheral response locations, depending on the di-
rection of the arrow target. This response involved se-
lecting between two hands and was the same type of re-
sponse as that used by Taylor and Klein (2000). In both
the ST and the CT responses, the participants placed
their hand(s) above the peripheral response location(s),
so no actual transport of the responding hand was re-
quired. In contrast, for the last two response conditions,
the responding hand started at a central location and
moved to a peripheral location to make the response. In
the simple movement (SM) response, the participants
moved to the same peripheral response location regard-
less of which direction the central target arrow indicated.
This was essentially a target detection task with an aimed
limb movement. For the final response (choice move-
ment, or CM), the participants were required to make an
aimed limb movement to the peripheral location indi-
cated by the central arrow target.
As was mentioned earlier, finding IOR with the manual

pointing responses would suggest that motor IOR is gen-
eral and affects most spatially localizedmotoric responses,
whereas not finding IOR with manual pointing responses
would suggest that motor IOR affects only eye move-
ments. Following Abrams and Dobkin (1994) and Taylor
and Klein (2000), IOR was not expected to be found with
either type of keypress response. In addition to an exami-
nation of RTs, the SM and CM responses also allowed for
the examinationof the effect of IOR on the response itself.
This was done by examining the movement times (MTs)
for responses to cued and uncued locations.

Method
Participants. Fifteen members from the human participants

pool of the Psychology Department at the University of Munich
participated in the experiment, including one of the authors. Eight
participants were female. Two participants were left-handed; all
others were right-handed according to self-report. Their ages
ranged from 22 to 40 years (average, 31 years). All the participants
had normal or corrected vision. The naive participants received
DM 12/h.
Apparatus. The participants were run individually in a quiet lab-

oratory room with a dim background light. They were seated on a
height-adjustable office chair in front of a Philips 4 CM 2299 Auto-
scan Professional Color monitor with 20-in. diagonal screen size.
The screen was tilted at a 45º angle and was equipped with a per-
manent touch interface (ELO-Touch, controlled with ELO-Graphics
MonitorMouse 2.0). The spatial resolution of this touch interface
corresponded to the pixel resolution of the screen, which was set to
1,024 horizontal 3 768 vertical pixels, respectively (26 pixels cor-
respond to 10 mm). An Apple 4400/200 PowerMac controlled stim-
ulus presentation and response collection. No head restraint was
used, to ensure natural movements. Responses were made with the
index finger directly on the screen, and eye movements were not
monitored.
The experimental display (see Figure 1) contained three rectan-

gles (10 3 32 mm side length): A central start box and two periph-
eral response boxes that were outlined with a white frame (1 pixel)
on a black background throughout the experiment. The distance be-
tween each response box and the start box (side to side) was 70 mm.
With an average viewing distance of 50 cm, this display extended

across 10.2º of visual angle. The display was centered on the screen
and remained visible throughout the experiment. Cues were imple-
mented by coloring the corresponding boxes in red, targets by pre-
senting a green arrow (10 3 5 mm) in the top portion of the central
box.
Procedure. Upon contact, the central start box changed from

green to black to indicate each trial onset. A peripheral red cue ap-
peared 1 sec later for 200 msec in one of the two lateralized re-
sponse boxes, followed, after a 200-msec delay interval, by a sec-
ond central red cue 200 msec in duration. Finally, after another
200-msec delay period, a green arrow target appeared at the fixa-
tion location in the experimental trials, whereas no target appeared
in the catch trials. Thus, the SOA between peripheral cue and cen-
tral target was 800 msec. The final display remained visible until ei-
ther a touchdown had been registered or the maximum trial duration
of 1,200 msec since onset of the central cue had elapsed. The par-
ticipants were instructed to remain fixated on the central start box
for the duration of each trial. Anticipatory responses (lift-offs or
touchdowns prior to target onset), procrastinations (no response
within 1,200 msec), and touchdowns outside the correct response area
(plus a 10-pixel tolerance range) led to corresponding feedback
messages on the screen. These error trials were not repeated and
were not used in the analyses.
Design. There were nine blocks of different response conditions in

the experiment, all of which required touch responses on the com-
puter screen. Consider first the SM and CM responses involving
hand movements to a target. With the SM response, the participants
moved either the left or the right index finger to a preassigned re-
sponse box upon presentation of the central arrow target. For exam-
ple, in a left-response block, an arrow pointing to either the left or
the right box would always require a goal-directed movement to the
left box. The SM responses were assessed in four conditions by
crossing responding hand (left or right) with preassigned location
of the response (left or right). With the CM response, the participants
had to move the index finger from the start box to the response box
indicated by the central arrow target. In two separate blocks, they
used either the left or the right hand.
Consider now the responses involving touchdowns but no hand

transport toward the response boxes. With ST and CT responses,
the participants held their index finger(s) above one or both of the
peripheral boxes, respectively. With the ST response, the partici-
pants responded with either the left or the right index finger on a
preassigned side, irrespective of the direction of the arrow target.
There were two blocks for the ST task, one each for left- and right-
side touchdowns, always using the hand ipsilateral to the relevant
response box. Finally, with the CT response the participants re-
sponded with the index finger signaled by the arrow (i.e., a flexion
of the left index finger for a left-pointing arrow). This response re-
quired response selection between the left and the right hands in
each trial. There was only one block of the CT task.
The experiment consisted of a total of 450 trials. For each of the

nine blocks (two of ST, one of CT, four of SM, two of CM), there
were 40 test trials and 10 catch trials. In all blocks, the location of
the peripheral cue and the direction of the central target arrow were
unrelated. Thus, in every block, the target pointed to the cued re-
sponse box on 20 trials, yielding 40% of the trials with potential
IOR effects. Furthermore, the arrow pointed to the uncued response
box on 20 trials and did not appear on 10 trials (catch trials). The
touch interface was individually calibrated for each participant, and
a short practice session was given before data collection in each
block. The order of the blocks was randomized for each participant,
and short breaks were given between blocks. Errors were infrequent
and were not analyzed.
Dependent measures were RT and MT. RT was the time from

onset of the central cue to the registration of either a touchdown
(for the ST and CT responses) or a lift-off (for the SM and CM re-
sponses) of the index finger on or from the touch screen. MT was
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the time from the registration of a lift-off to the registration of a
touchdown on the touch screen (only for the SM and CM re-
sponses). 2
To calculate IOR, we classified responses according to the con-

vention of whether the target (the arrow) pointed to the cued or the
uncued location. Note that in the ST and SM conditions, the re-
sponses were made to a specific location regardless of the direction
of the arrow. Because of this, possible effects of spatial compati-
bility between target direction and response location were analyzed
for the ST and SM responses. If IOR is a motor bias, than slower
RTs should be found when the response was made to a cued loca-
tion, regardless of the direction of the central arrow.

Results and Discussion
Of the responses, 4.4% were anticipations (mostly

owing to the sensitivity of the touch screen to small fin-
ger movements on the start location during the fore-
period), 0.2% were procrastinations, and 1.2% were tar-
get misses. We did not record how these errors were
distributed across conditions and, hence, did not analyze
errors further. The remaining 94.2% of the data were an-
alyzed as follows.
Consider first the RTs. The mean RTs for each of the

nine blocks of response conditions are shown in Table 1

(Central Targets columns). A 4 (response: ST, CT, SM,
or CM)3 2 (trial type: cued or uncued) analysis of vari-
ance (ANOVA) was used to analyze the data. For this
analysis, we averaged across cue locations, target loca-
tions, and responding hands. There was a significant
main effect of response [F(3,42) 5 33.50, p , .001].
Mean RTs for the ST, CT, SM, and CM responses were
473, 523, 371, and 378 msec, respectively. Simple ef-
fects tests showed that all the responses differed reliably
from one another ( p , .02), except SM and CM ( p .
.18). The main effect of trial type was not significant
[F(1,14), 2.5, p . .14], with the mean response times
in cued (413 msec) and uncued (411 msec) trials being
almost identical. Thus, there was no evidence of IOR.
Also, the interactionbetween response and trial type was
not significant [F(3,42), 1], indicating that IOR was not
present with any of the responses and ruling out the pre-
diction that onlymovement responseswould be sensitive
to IOR.
In addition to RTs, the mean MTs for the two re-

sponses with hand transport are presented in the Central
Targets columns of Table 2. A 2 (response: CM or SM)
3 2 (trial type: cued or uncued) ANOVA was used to an-

Figure 1. Schematic of display sequences in Experiment 1 (left) and Experi-
ment 3 (right). Time runs from top to bottom.
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alyze these data. There was no significant main effect of
response [F(1,14) 5 2.95, p . .11], since the average
MTs for SM and CM were 368 and 380 msec, respec-
tively. The main effect of trial type also was not signifi-
cant [F(1,14) , 1], with the average MTs in cued
(374 msec) and uncued (373 msec) trials being almost
identical. There was also no interaction between re-
sponse and trial type [F(1,14), 1].
Finally, the effect of spatial compatibility between

arrow direction and response location on response speed
was assessed in the two responses without directional
choice (ST and SM). A 2 (response)3 2 (compatibility)
3 2 (trial type) ANOVA on RTs indicated significant
main effects of response [F(1,14) 5 31.01, p , .001]
and compatibility [F(1,14)5 18.87, p , .001], with all
other p values being ..10. RTs were 100 msec shorter
for the SM response (reflecting lift-off time) than for the
ST response (reflecting touchdown time) and 19 msec
shorter in compatible than in incompatible responses. A
2 (compatibility)3 2 (trial type)ANOVA on theMT data
from the SM response alone showed no reliable effects,
with all p values being..51.
Overall, there was no evidence from the present ex-

periment that keypresses or guided pointingmovements
made in response to central targets are differentially sen-
sitive to IOR. Of particular interest is the lack of IOR
with CM responses, which is essentially the limb move-
ment equivalent of the saccadic responses that have
shown IOR in the studies by Abrams and Dobkin (1994),
Abrams and Pratt (2000), and Taylor and Klein (2000).
In the present study, however, the RTs for cued trials
were only 2 msec longer, on average, than the RTs for
uncued trials with guided pointing responses. Thus, the
present results support the notion that motor IOR is spe-
cific to the oculomotor system.
However, it may also be the case, in the present ex-

periment, that no IOR was found because eye move-
ments to the peripheral locations had been made in re-
sponse to the central target, but before the initiation of
the manual responses. It may be that the inhibition asso-

ciatedwith the manual response was essentially co-opted
by faster occurring eye movements. This possibilitywas
addressed in the second experiment.

EXPERIMENT 2

To add support to the earlier finding that IOR does not
occur with peripheral cues and central targets demand-
ing guided pointing responses, a control experiment is
reported in which eye position was monitored to ensure
that the participants remained fixated throughout. Only
the CM condition of the first experiment was replicated.

Method
Participants. Seven participants from the Max Planck Institute

for Psychological Research (Munich) volunteered to take part in the
experiment. All the participants had normal or corrected vision.
Their ages ranged from 18 to 32 years, and they responded with the
right hand throughout. The participants were unaware of the hy-
potheses under investigation and were paid for their participation.
Apparatus. Targets for manual pointing were produced by illu-

minating light-emitting diodes (LEDs) inserted in a table. The table
was 79 cm above ground and tilted 20º out of the horizontal toward
the participant. Paper circles (radius, 1.25 mm) with embedded
LEDs marked two pointing targets 10 cm on the left and right from
a central fixation LED. Eye movements were recorded with the
head-mounted Eyelink system (Sensomotoric Instruments), and
movements of the right hand were recorded via an Optotrak system
(Northern Digital), both using separate infrared cameras operating
at 250 Hz.
Procedure. The participants were asked to maintain central fix-

ation throughout. For each trial, when eye fixation was within 2º of
a central yellow LED for 500 msec, a peripheral cue appeared for

Table 1
Reaction Times (RTs) in Experiment 1 (Central Targets) and Experiment 3 (Peripheral Targets)

Central Targets Peripheral Targets

Active Target Cued Uncued Cued Uncued

Condition Hand Position RT SD RT SD Difference RT SD RT SD Difference

Simple touch L L 475 101 478 93 23 430 57 393 63 37
R R 472 86 466 99 6 435 57 397 64 38

Choice touch L L 515 111 516 102 21 468 140 451 148 19
R R 539 102 521 100 218 476 122 454 118 22

Simple movement L L 365 54 364 50 1 401 76 365 78 36
L R 372 50 365 47 7 384 63 357 73 27
R L 380 57 381 60 21 385 61 353 73 32
R R 371 53 371 48 0 357 65 327 54 30

Choice movement L L 376 43 378 48 22 346 60 313 44 33
L R 376 43 378 48 22 361 67 329 52 32
R L 381 49 382 45 21 361 70 354 79 7
R R 384 43 369 44 15 323 61 328 67 25

Note—L, left; R, right. Conditions are explained in the main text.

Table 2
Movement Times (MTs, in Milliseconds) in Experiment 1
(Central Targets) and Experiment 3 (Peripheral Targets)

Central Targets Peripheral Targets

Condition Cued Uncued Difference Cued Uncued Difference

Simple move 369 367 2 315 319 24
Choice move 380 380 0 332 340 28

Note—Conditions are explained in the main text.
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100 msec in the left or right target circle. After a 400-msec inter-
stimulus interval, the central LED was turned off for 100 msec to
direct attention back to fixation. Another 400 msec after its reillu-
mination, the yellow fixation LED turned either red or green, indi-
cating that a movement of the right hand to the left or right target
had to be made while fixation of the central LED had to be main-
tained. Thus, the SOA between the peripheral cue and the central
target was 1,000 msec and the task resembled the CM condition of
Experiment 1.
Design . The four experimental conditions (left and right cues,

followed by either congruent or incongruent central target instruc-
tions) were all repeated 20 times, resulting in one block of 80 trials
per participant. The order of conditions was randomized.
Movement onset was the time at which the hand movement ve-

locity exceeded 5% of its peak velocity, and movement offset was
the time at which it dropped below 5% of peak velocity again. RT
was defined as the time between target onset and hand movement
onset, and MT as the time between hand movement onset and off-
set. For fixation control, saccade onset was defined as the moment
at which eye movement velocity exceeded 35 deg/sec and eye
movement acceleration exceeded 3,900 deg/sec2.

Results and Discussion
Eye fixation errors were made on fewer than 10% of

the trials and were not analyzed further. Manual perfor-
mance in the remaining trials was analyzed with paired t
tests to assess the effect of trial type, averaging across
side of response. No reliable difference was found be-
tween mean RTs for cued (423 msec) and uncued
(415 msec) trials [t(6), 1]. The mean MTs also yielded
no significant differences between cued (565 msec) and
uncued (559 msec) trials [t(6), 1].
Overall, the data from this control experiment support

the earlier finding of no IOR with guided pointing re-
sponses to central targets. In addition, the present results
show that this result is obtained in the absence of eye
movements and with a different apparatus. This further
strengthens the notion that motor IOR is oculomotor spe-
cific and occurs only when eye movements are involved.

EXPERIMENT 3

The first two experiments failed to reveal IOR with
goal-directed manual responses to central targets. This
result was obtained twice, first with a touch-sensitive
CRT and then with LED cues and on-linemovement reg-
istration. The convergence of results obtained with dif-
ferent methods and protocols lends strength to our con-
clusion that none of the manual responses tested were
sensitive to IOR. However, it is also possible that some
aspect of our experimental methodology or apparatus
negated any possible IOR effects. To test this possibility,
in the third experiment, the same types of responses and
the same equipmentwere used as in the first experiment,
but this time the responseswere made to peripheral targets.
Assuming that visual-processing IOR is not response

specific (i.e., the inhibited visual processing of a periph-
eral target occurs regardless of a keypress, a pointing, or
a saccadic response), IOR should be found with the four
types of manual responses initially tested in Experi-

ment 1. Indeed, there is considerable evidence to support
this prediction. Of course, there are numerous examples
of IOR with peripheral targets and keypress responses
(e.g., Maylor & Hockey, 1985; Posner & Cohen, 1984).
In addition, there are also examples of IOR to peripheral
targetswith guided computermousemovements (Briand,
Larrison, & Sereno, 2000; Tanaka& Shimojo, 1996) and
guided reaching responses (Howard, Lupiáñez, & Tipper,
1999). It is worth noting, however, that these previous
studies used the type of response that would be function-
ally equivalent to our CM condition and did not compare
the IOR effects found between ST, CT, SM, and CM re-
sponses. Thus, although we expected IOR with all four
responses, it was not clear that all four responses would
yield equivalent magnitudes of IOR.

Method
Participants. Fifteen members from the human participants

pool of the Psychology Department at the University of Munich,
including one of the authors, participated in the experiment. Eleven
participants were female; 10 participants were right-handed, 4 were
left-handed, and 1 was ambidextrous, according to self-report.
Their ages ranged from 22 to 45 years (average, 32 years). All the
participants had normal or corrected vision. The naive participants
received DM 12/h.
Apparatus, Procedure, and Design. The apparatus, procedures,

and design were identical to those in the first experiment, except for
the following modifications of the display sequence. Instead of the
target being a central arrow, the area encompassed by one of the pe-
ripheral boxes changed from black to green to indicate the target. The
participants were to make their response to either the preassigned tar-
get box (ST and SM) or the location indicated by the green box (CT
and CM). This peripheral target remained visible until either a touch-
down had been registered or the maximum trial duration had elapsed.
In catch trials, neither peripheral box was changed to green. The same
responses as those in Experiment 1 were used.

Results and Discussion
Of the responses, 5.5% were anticipations (again,

mostly owing to the sensitivity of the touch screen to
changes in finger pressure on the screen during the fore-
period), 0.6% were procrastinations, and 2.3% were tar-
get misses. We did not keep a record of how these error
types were distributed across conditions; hence, the er-
rors were not further analyzed. The remaining 91.6% of
the data were analyzed as before.
Consider first the RTs. The mean RTs for each of the

nine blocks of responses conditions can be seen in the
right portion of Table 1. A 4 (response: ST, CT, SM, or
CM)3 2 (trial type: cued or uncued) ANOVA was again
used to analyze the data. There was a significantmain ef-
fect of response [F(3,42)5 9.56, p, .001]. AverageRTs
for ST, CT, SM, and CM responses were 414, 462, 366,
and 339 msec, respectively. Simple effects tests showed
that all the responses differed reliably from one another
( p , .02), except ST and SM ( p. .19). The main effect
of trial type was also significant [F(1,14) 5 91.99, p ,
.001],with longerRTs in cued (410 msec) than in uncued
(388 msec) trials, indicating the presence of IOR. The
interaction between response and trial type was also sig-
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nificant [F(3,42) 5 3.22, p , .05]. The size of the IOR
effects for ST, CT, SM, and CM responseswas 38, 21, 31,
and 17 msec, respectively. Simple effects tests showed
that this IOR effect was reliable within each response
( p, .01). Furthermore, the IOR effect was reliably larger
for SM responses than for CM responses ( p , .05).
Consider now MTs. The mean MTs for the SM and

CM responses are shown in the right portion of Table 2.
There was a marginally significant main effect of re-
sponse [F(1,14) 5 3.44, p , .09]. MTs were slightly
slower for the CM response (336 msec) than for the SM
response (317 msec), presumably owing to advance
knowledge of the response location in the SM response.
Interestingly, the main effect of trial type was significant
[F(1,14)5 4.43, p 5 .05], showing shorter MTs toward
cued locations (324 msec) than toward uncued locations
(330 msec). Thus, responses to inhibited locations actu-
ally yielded reliably shorterMTs. This novel findingwill
be further evaluated in the General Discussion section.
The interaction between response and trial type was,
however, not significant [F(1,14)5 0.92, p . .35].
Finally, the effect of spatial compatibilitybetween target

position and response location on response speed was
again assessed for the two responses without directional
choice (ST and SM). A 2 (response)3 2 (compatibility)
3 2 (trial type) ANOVA on RT indicated signif icant
main effects of response [F(1,14)5 35.62, p, .001], of
compatibility [F(1,14) 5 40.70, p , .001], and of trial
type [F(1,14) 5 57.63, p , .001]. RTs were 46 msec
shorter for SM response (reflecting lift-off time) than for
the ST response (reflecting touchdown time), 58 msec
shorter for compatible than for incompatible responses,
and 34 msec shorter for uncued than for cued responses.
The only reliable interaction was between response and
compatibility [F(1,14)5 6.05, p , .05], with all other p
values being..10. The compatibility effect was 15 msec
larger for the ST response than for the SM response. A 2
(compatibility)3 2 (trial type) ANOVA on the MT data
from the SM response alone indicated a marginally reli-
able effect of compatibility [F(1,14) 5 4.47, p 5 .05],
with all other p values being ..19. Movements toward
the target were completed 5 msec faster than incompati-
ble movements.
As was expected, IOR was found with all four types of

manual responses. This indicates that the lack of IOR
found in the previous two experiments were not due to
the particularities of the displays or timing of the events.
Interestingly, IOR was found in the SM condition even
when the movement was made to the location opposite to
that of the target. This is strong evidence that a visual-
processing form of IOR does occur when there are no
eye movements, since the inhibited visual processing of
the cue slowed down responses made in the opposite di-
rection.Moreover, it is also evidence for the oculomotor-
specific motor form of IOR, since a general motor form
of IOR would have slowed responses to the movement
location, and not to the locationwhere the peripheral tar-
get appeared.

GENERAL DISCUSSION

Taylor and Klein (2000) postulated that there are two
forms of IOR. One form, visual IOR, slows visual pro-
cessing and occurs when eye movements are not made.
The other form, motor IOR, slows motor responses and
occurs when eye movements are made. Although Taylor
and Klein (2000)were able to dissociate these two forms
of IOR, their extensive study did not have the conditions
to determinewhethermotor IOR is specific to oculomotor
responses or whether it occurs for any type of spatially
directed responses. They did, however, note that the criti-
cal test for this determinationwould be to examinemanual
pointingmovementsmade in response to central targets.
This was the major focus of the present experiments, in
which four types of responses (ST, CT, SM, and CM)
were made in response to both central (Experiments 1
and 2) and peripheral (Experiment 3) targets.
The major finding from these experiments was that

manual pointing responses did not yield IOR with cen-
tral targets. Following Taylor and Klein’s (2000) frame-
work for IOR, this indicates that motor IOR is limited to
the oculomotor system and is not a general motor effect
that would inhibit any spatially directed response. This
conclusion has several implications. First, it adds sup-
port to the Taylor and Klein’s (2000) notion that a single
form of IOR cannot account for the presence of IOR
across all conditions.This is not a trivial point, since pre-
vious researchers have often explained the inhibitory ef-
fects found in their experiments solely in terms of either
an attentional (i.e., visual processing) effect (e.g., Pratt,
Kingstone,& Khoe, 1997) or a motor effect (e.g., Taylor
& Klein, 1998). Second, and the flip side of the coin to
the first implication, the present conclusions support the
contention that the general notion of IOR may best be
conceived of as a combination of attentional and oculo-
motor effects (Kingstone & Pratt, 1999; Klein, 2000).
Thus, depending on the experimental methodology, it
may be possible to activate one form of IOR or the other,
or both simultaneously. Third, given that manual point-
ing movements involve the SC, it seems unlikely that the
SC is the sole locus of IOR (as has been suggested by
Dorris et al., 2002; Klein, 2000; see, also, Fuentes,
Vivas, & Humphreys, 1999, for an example of IOR ef-
fects in nonspatial dimensions). Fourth, an important
course for future research will be to examine the simi-
larities and differences between the two forms of IOR, to
determinewhether a single process or separate processes
underlie the inhibition. In fact, some work regarding this
issue is already at hand, since Abrams and Pratt (2000)
have shown that oculomotor IOR is coded in retinal co-
ordinates while visual-processing (i.e., attentional) IOR
is encoded in environmental coordinates.
Overall, the results from the three experiments are

consistentwith the framework laid out by Taylor andKlein
(2000). For example, they postulated that the visual-
processing form of IOR will occur when the eyes are
held at fixation and peripheral targets are used. Thus, this
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form of inhibition should affect all types of manual re-
sponses, because the inhibition occurs during the visual
processing of the peripheral target before any specific re-
sponse is planned. This was found in Experiment 3,
where ST, CT, SM, and CM responses all showed IOR.
As was noted earlier, the fact that IOR was found for
antimovements (trials in the SM condition in which the
pointing movement was made in the direction opposite
to the peripheral target) further supports the existence of
a nonmotor form of IOR. Otherwise, the inhibition for
such antimovementswould not have been found. The lack
of IOR with the keypress type responses to central targets
is also consistentwith Taylor and Klein’s (2000) notion of
visual-processing IOR, since in the absence of motor
IOR owing to eye movements, there are no peripheral
targets to be visually processed and, hence, no inhibition.
One possible complication to the present conclusions

is that the time course of IOR may have differed in the
first and the third experiments. Thus, although the same
cues, event sequence, and responses were used in the two
experiments, the absence of IOR in the first experiment
and the presence of IOR in the third may have been ob-
tained simply because IOR occurred at a later time with
central targets. Indeed, Lupiáñez and his colleagues
(e.g., Lupiáñez, Milán, Tornay,Madrid, & Tudela, 1997;
Lupiáñez, Milliken, Solano, Weaver, & Tipper, 2001)
have shown that IOR begins later and ends sooner as task
difficulty increases. However, there are reasons to ques-
tion such a time course explanation of the present find-
ings. First, the SOAs used with the central targets in Ex-
periments 1 and 2 (800 and 1,000msec, respectively) are
the SOAs for which Lupiáñez and co-workers found IOR
with all of their tasks (simple detection, color detection,
go–no-go, and shape discrimination).Second, there is ev-
idence that the presence of a fixation cue tends to negate
time course effects (following the notion that IOR begins
when attention is withdrawn from the cued peripheral lo-
cation—i.e., when the central fixation cue is presented).
For example, using fixation cues, Wright and Richard
(1996) found IOR at very short (200 and 400msec) SOAs.
Third, the RTs for the CM responses in the first experi-
ment (378 msec) were, in fact, moderately shorter than
those found in the third experiment (414 msec), sug-
gesting that the pointing responseswere equally difficult
in both the central and the peripheral target experiments.
Finally, the SOA used in the present experiments was in
the same range as the single SOA used by Taylor and
Klein (2000). Indeed, they also used fixation cues that
presumably mediated the time course effect on IOR of
the different responses.
An unexpected aspect of the present results is the

finding of marginally shorterMTs toward cued than to-
ward uncued locations in Experiment 3 (a similar effect
was noted byHoward et al., 1999). Thus, we found a trade-
off between RTs and MTs in responses with overt move-
ments, with RTs showing inhibition,whereasMTs showed
facilitation from cuing. Note that this effect of trial type
is independentof the compatibilitybetween the target lo-

cation and the response location. For example, a re-
sponse to the left box was considered spatially compati-
ble both when the cue had appeared at the left box (cued
trial) and when the cue had appeared at the right box (un-
cued trial). This observation of facilitatedMT toward an
inhibited location (as indicated by the RT effect) should
be replicated with better control of error probabilities. If
the effect replicates in future studies, it further argues
against the notion of a general motor IOR, because it
demonstrates selective inhibition of response initiation
but facilitated response execution toward cued locations.
Interestingly,Howard et al. also concluded that there was
not a general form of motor IOR in the reaching task,
after using a methodology that included peripheral cues
and targets. In this case, RTs were slowed to cued targets
(presumably reflecting the visual-processing form of
IOR), but the trajectories of the pointing responses were
not affected (presumably reflecting the lack of a general
motor form of IOR).
In summary, the results of the present experiments are

consistent with Taylor and Klein’s (2000) notion that
there are two forms of IOR; a visual-processing form
and a motor form. Importantly, the present results clearly
show that the motor form of IOR does not generalize to
all types of spatially localized responses, since no IOR
was foundwith manual pointing responses to central tar-
gets. Overall, there seems to be strong evidence to sug-
gest that the visual-processing form of IOR occurs when
eye movements are not made (or planned) and that the
motor form of IOR is specific to the oculomotor system
and occurs when eye movements are made (or planned).
The challenge of future research will be to understand
the relationship between these two types of IOR.
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NOTES

1. To distinguishbetween response instructionand response location,we
adopt the following terminology throughout this manuscript: Response-
irrelevant events are cues, response-relevant events are targets, and the
locations to which responses are directed are response locations.
2. Note that the definition of RT differs between the responses with

versus without hand movements toward peripheral targets: RT includes
the time to flex the index finger for the ST and CT responses. RTs would
bemore comparable to those for theSMand CM responses if participants
were asked to just lift their fingers for the ST and CT responses, but it
is not clear whether this RT would still include movement planning—
for example, toward some subsequent resting location (see Fischer,
1997, for a similar argument and for empirical comparisons). The rela-
tively long RTs obtained in the touch responses (see below) may also be
due to force control requirements while the hand is held above the display.
We thank an anonymous reviewer for pointing this out.
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