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Abstract: Non-informative spatial cues presented prior to a goal-directed movement influence not only movement initia-

tion time but also the spatial characteristics of the movement trajectories. These trajectory effects are thought to stem from 

an integration of competing motor responses. In the present experiments, trajectories of rapid aiming movements were ex-

amined under the constraints of a cue-target inhibition of return (IOR) paradigm. Aiming movements were made to targets 
that were preceded by a cue stimulus in the same or different location. Four experiments were conducted in which the 

modality of the cue and target stimulus was manipulated across vision and audition. Although facilitation effects were 

present under the cross modality protocols, IOR effects were observed only for same cue-target pairings. At short stimulus 

onset asynchronies, limb trajectories deviated toward the target that had just been cued, particularly when the cue occurred 
in left space. These trajectory effects are consistent with response activation models of selective attention and movement 

preparation. 

INTRODUCTION 

 The inhibition of return (IOR) phenomenon is thought to 
be an evolutionary adaptation designed to optimize human 
visual search behaviour, in that it hinders an individual’s 
tendency to re-search already explored regions of visual 
space [1]. In the typical IOR study, target stimuli are pre-
sented at the same location as, or a different location from, 
an attention-capturing cue event. Reaction times (RTs) for 
responses to target stimuli presented at the same location as a 
preceding attention-capturing event are shorter than those to 
target stimuli appearing at other locations when the two 
events occur in close temporal proximity. Over time, how-
ever, this facilitation decays and an inhibitory effect emerges 
such that longer RTs are evident to target stimuli at the loca-
tion of the previously presented cue [2].  

 Originally posited as a description of visual attentional 
capture, a considerable amount of research has been con-
ducted on the IOR phenomenon and how it operates under 
other sensory modalities such as audition. Although the RT 
findings of these studies have not been consistent [3-7], they 
have prompted the suggestion that the initial response facili-
tation period lasts longer for auditory stimuli than visual 
stimuli and that auditory IOR takes more time to develop, as 
auditory information takes longer to reach the superior col-
liculus; a neural substrate considered important for uncon-
scious oculormotor programming [8] and for prompting in-
hibition [3, 9-11]. Further it has been hypothesized that inhi-
bition occurs later for auditory target responses because they 
are more difficult to spatially localize than visual targets [3].  
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 Although discrepancies in the literature may be related to 
differences in the processing speed of the modalities under 
consideration, a variety of different responses have been 
used in each of the previous experiments – from simple key 
press with the foot [6] to manual aiming responses [3]. Thus, 
it may also be the case that variations in the pattern of RT 
effects may be related to the different types of responses 
used. Although RT is an excellent index of movement prepa-
ration, it may not tell the whole story about any response 
competition that occurs as the movement unfolds.  

 Action-centred theories of attention are based on the 
premise that the perception and dedication of attention to a 
stimulus is concomitant with the organization of actions to 
interact with the stimulus object. This is achieved through 
excitation of shared spatial and motor mapping cortical sys-
tems and early activation of visual occipital areas for oculo-
motor responses [12-15]. Possible responses are excited and 
require independent inhibitory processes in order to suppress 
and eliminate those that are undesired because of this percep-
tion-action coupling. As an example, Welsh and Elliott [15] 
found that while competing targets had little impact on the 
time to initiate a movement, the actual reaching trajectory 
was influenced by the spatial location of the other stimulus 
event [13,16,17]. In terms of the IOR phenomenon, the latter 
action models suggest that the initial neuronal excitation is 
responsible for facilitation and the subsequent inhibition for 
the RT delays. Thus the current work was designed to extend 
previous multimodal studies of IOR by examining the kine-
matic characteristics of the limb trajectories.  

 In this set of four experiments, participants completed a 
series of movements to cued and uncued target locations. 
Across the four experiments we manipulated the sensory-
modality of the cue and target such that they were either the 
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same (i.e., visual-visual, auditory-auditory) or different (i.e., 
visual-auditory, auditory-visual). Within an experiment we 
manipulated stimulus onset asynchronies (SOA) to examine 
response facilitation and inhibition effects in both movement 
initiation and properties of the movement response. In order 
to accommodate the length of time needed to use auditory 
signals as the cue stimulus [3], our short SOA was set at 300 
ms (which is approximately 75 ms longer than has been 
documented necessary to elicit facilitation effects with visual 
signals, [2]). The long SOA was 1200 ms.  

 Of primary concern was how visual and auditory cues 
and targets at particular locations would elicit actions to ac-
quire those locations. For example, if the link between atten-
tion and action is so tight that any capture of attention elicits 
a particular motor response irrespective of the sensory mo-
dality of the stimulus, then RT and trajectory effects should 
be similar across all cue-target modality pairings. That is, 
visual and auditory stimuli that sufficiently capture attention 
should evoke the same response activation and subsequently 
the same trajectory patterns. However, if these action affor-
dances are specific to a modality, then the trajectory effects 
observed in one experimental condition might not be ob-
served in the other conditions. For example, conditions that 
share identical cue stimuli (visual-visual and visual-auditory; 
auditory-auditory and auditory-visual) may elicit similar 
trajectory effects because the cue stimulus that precedes the 
imperative signal affords a similar response. Alternatively, 
response competition may only occur under congruent cue-
stimulus conditions (visual-visual, auditory-auditory). 

METHOD 

Participants 

 Forty right-handed individuals from the McMaster Uni-
versity community participated. The participants were as-
signed to one of the four experiments such that there were 10 
(5 male, 5 female) individuals in each of the cue-target pro-
tocols. All procedures were conducted according to the ethi-
cal guidelines of McMaster University. Participants provided 
informed consent and all individual were awarded $5 Cnd 
for their participation. 

Task and Apparatus 

 Participants sat comfortably at an identical apparatus for 
each of the 4 experimental protocols. A red home position (2 
cm diameter) was located directly in front and along the mid-
line of the participants. Two target buttons (2 cm diameter) 
were mounted 17 cm further along the participant’s midline 
and 17 cm to the left and the right of this midline, such that 
the limb needed to move approximately 24 cm to cover the 
distance from the home position to the target location. Posi-
tioned 3 cm behind each of these buttons was a small light (3 
cm diameter). A speaker was positioned behind each of the 
lights. The lights and speakers provided visual and auditory 
cue and target stimuli. A black “+” served as a central fixa-
tion point and was placed directly between the two target 
buttons. Recording of RT, movement time (MT), and opera-
tion of the lights and speakers, was controlled using an E-
prime program. Participants wore an infrared light emitting 
diode (IRED) on the index finger of their right hand. Posi-
tion of the IRED was recorded at 500 Hz using an Optotrak 
3020.  

 

 

 

 

 

 

 

 

 

 

Fig. (1). Depiction of the experimental apparatus. The small dark 
circles represent the home position and the two targets and the + is 
the fixation point. The white circles represent the visual stimuli, 
with the speakers for the auditory stimuli right behind them. 

Procedure 

 Each trial began with the participant sitting at the table 
with the right index finger depressing the home button. Their 
gaze was to be focused on the central fixation point. A 200 
ms cue signal was presented at either the left or right target 
location. Participants were told to ignore the first stimulus 
(cue) and respond only to the second stimulus (target). After 
a variable interstimulus interval of either 100 ms or 1000 ms, 
the target stimulus was presented to the participant. The tar-
get stimulus was presented in a counterbalanced and pseu-
dorandom fashion at either the previously cued (p = .5) or 
un-cued location (p = .5). The length of the cue and the inter-
stimulus interval combined such that there was either a 300 
ms or 1200 ms SOA between the cue and target stimuli. Par-
ticipants were instructed to move as quickly and as accu-
rately as possible to the location indicated by the target 
stimulus. Upon successful execution of the movement, par-
ticipants heard a 20 ms centralized beep that signaled them 
return to the home position, re-fixate on the central fixation 
point, and prepare for the next trial. There was a minimum 
inter-trial interval of 2 seconds. In each experiment, partici-
pants completed 8 practice trials before completing the ex-
perimental trials that were presented in a random order. Par-
ticipants completed 120 trials to the cued location and 120 
trials to the un-cued location, for a total of 240 trials. Half 
the trials were completed with 300 ms SOA and the other 
half with 1200 ms with an equal number of left and right 
(cue X target) trials. 

 One experimental group was exposed to a series of trials 
in which both the cue and target were presented as visual 
signals (3 cm red lights). Likewise, another group received 
both signals as auditory tones (4.4 kHz). The two remaining 
groups received the stimulus across the two modalities; with 
one group seeing a visual cue and hearing an auditory target 
signal (visual-auditory) and the other hearing an auditory cue 
and seeing a visual target signal (auditory-visual). In all con-
ditions the participants were aware of the stimulus modality 
of the cues and targets. 

Data Reduction and Analysis 

 RT and MT were subjected to separate 2-Cue (left or 
right) by 2-Target (left or right) by 2-SOA (300 or 1200 ms) 
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repeated measures analysis of variance. The four cue-
stimulus protocols were treated as separate experiments. 
Three-dimensional IRED positions were filtered via a But-
terworth filter with a cut-off frequency of 10 Hz to remove 
any nonbiological sampling artifacts. Resultant displace-
ments were then differentiated once to obtain velocity and a 
second time to obtain acceleration. Custom software was 
applied to the displacement, velocity, and acceleration data 
to determine the spatial location in the horizontal direction 
(i.e., left-right) at peak acceleration, peak velocity, peak de-
celeration, and the end of the movement. These locations 
were expressed in terms of their absolute deviation from the 
midline (home position) and served to index any deviation 
toward or away from the cue. Due to an Optotrak data col-
lection error in the visual-auditory protocol, one participant 
was removed from the analysis of kinematic deviation. The 
kinematic data were subjected to a similar analysis as RT 
and MT with the addition of a fourth factor pertaining to the 
kinematic landmark (i.e., peak acceleration, peak velocity, 
peak deceleration and movement endpoint). Significant main 
effects and interactions of interest were examined using 
Tukey HSD post hoc procedures (p <.05). In particular we 
focused on the highest order interactions in view of the com-
plex dependencies of cue, target and SOA. 

RESULTS AND DISCUSSION  

Visual-Visual Protocol 

 The analysis of RT in this protocol yielded main effects 
for SOA, F(1,9) = 7.10, p < .05, and Target, F(1,9) = 15.26, 
p < .005, and an interaction between SOA and Target, F(1,9) 
= 13.99, p < .005. Post hoc analysis revealed that responses 
made at the long SOA to the right target had the shortest RT 
and those made at the short SOA to the left target the longest 
RT. RT of movements made to the right target at the short 
SOA and to the left target at the long SOA were intermediate 
in duration and did not differ significantly from one another. 
The Cue by Target interaction was significant, F(1,9) = 
12.56, p < .01. This interaction revealed a side of space-
specific IOR effect in that RTs were shorter in the cued-left, 
target-right pairing relative to the other cue- target pairings. 
Given our relatively long (300 ms) “short” SOA to make the 
durations comparable across protocol, it is not surprising that 
the three-way interaction between, Cue, Target, and SOA, 
F(1,9) = .92, p < .36 was not significant in the visual-visual 
protocol. A significant interaction of this type is typically 
indicative of facilitation and IOR effects, with the interaction 
being driven by the contrary differences in RTs made to pre-
viously cued target or previously un-cued targets that are 
 

 

 

 

 

 

 

Fig. (2a). Reaction time (ms) as a function of cue (Left [black], 
Right [white]), target (left, right), and stimulus onset asynchrony 
(300, 1200) for the visual-visual condition. 

manifested at shorter and longer SOAs. However, in view of 
the relatively long SOAs for the visual stimuli in comparison 
to other studies, the short SOA showed a similar pattern to 
the longer SOA condition. This pattern is in line with the 
notion of a building inhibitory process to previously cued 
locations and is substantiated by post hoc results that indi-
cate that at both the long and the short SOA, cued left, 
rightward movements are initiated earlier than cued left, 
leftward movements. 

 There were no facilitation or inhibition effects for MT, 
only a significant main effect for Target, F(1,9) = 88.12, p < 
.0001. Movements made to the right target were of a shorter 
duration than those made to the left. This is a typical ipsilat-
eral advantage associated with right-handed participants 
making right hand movements in right space [18].  

 

Table 1. Movement Time Means (ms) for Each of the Cue-

Target Pairing Protocols (SOA Represents Stimulus 

Onset Asynchrony) 

Left Target Right Target 

 

300 ms SOA 1200 ms SOA 300 ms SOA 1200 ms SOA 

Visual  

Visual 
843.14 850.86 631.93 620.95 

Auditory  

Auditory 
736.47 733.94 580.27 565.28 

Auditory  

Visual 
906.83 905.02 710.82 704.45 

Visual  

Auditory 
886.73 892.83 766.32 759.38 

 

 Results of the analysis of variance of the kinematic de-
viations in the horizontal plane yielded main effects for 
Kinematic Marker, F(3, 27) = 1169.84, p < .0001, Cue, 
F(1,9) = 32.39, p < .0001, Target, F(1,9) = 22.96, p < .0001, 
and SOA, F(1,9) = 21.27, p < .01. There were numerous 
two-way and three-way interactions that were superceded by 
a significant 4-way Kinematic Marker by Cue by Target by 
SOA interaction, F(3, 27) = 16.06, p < .0001. These data are 
illustrated in Fig. (3a). 

 Post hoc analysis of this interaction revealed that in addi-
tion to the increased horizontal deviation from the home po-
sition that occurs as the reach movement develops across 
kinematic marker, a noted difference was evident when 
movements were made towards the right target under the 
constraints of a left, rather than right cue and the short SOA. 
There was a marked reduction in the horizontal deviation 
from the home position at each of the kinematic markers 
after and including peak velocity in comparison to the other 
target and cue conditions. This reduced deviation is indica-
tive of a veering motion towards the task irrelevant left target 
and can be interpreted as a pull that is created by the atten-
tional processes related to this non-informative cue. Thus at 
300 ms, participants have not been able to completely disen-
gage response activation associated with a left cue. Consis-
tent with Tremblay, Welsh and Elliott [19], this finding 
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could reflect the greater stability of left space activation ef-
fects. 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. (3a). Deviation from the midline (mm) as a function of cue 
(Left [black], Right [white]), stimulus onset asynchrony (300, 
1200), target (left, right), and kinematic marker (peak acceleration 
= pa, peak velocity = pv, peak deceleration = pd, movement end-
point = end) for the visual-visual condition 

Auditory-Auditory Protocol 

 RT main effects, in the auditory-auditory condition, were 
manifested for both Cue, F(1,9) = 6.20, p < .05, and Target, 
F(1,9) = 13.45, p < .01. A significant 2-way SOA by Cue 
interaction, F(1,9) = 6.89, p < .05 was also evident. Impor-
tantly, this protocol yielded a three-way SOA by Cue by 
Target interaction, F (1,9) = 75.39, p < .0001, as illustrated 
in Fig. (2b).  

 

 

 

 

 

 

 

Fig. (2b). Reaction time (ms) as a function of cue (Left [black], 
Right [white]), target (left, right), and stimulus onset asynchrony 
(300, 1200) for the auditory-auditory condition.  

 Post hoc analysis of this interaction revealed that at the 
short SOA, responses made to left-cued, left targets were 
initiated earlier than those made to right-cued, left targets 
and right-cued, right target movements were initiated sooner 
than right-cued, left target movement. However, there was 
no difference between the left and right cued, right target 
conditions. These results are indicative of the facilitation, at 
least for the left target conditions. At the long SOAs, the 
contra-lateral cue-target pairing conditions were fastest, in 
comparison to the ipsilateral pairings, suggesting an inhibi-
tion at long SOAs for same cue and target locations.  

 Analysis of the MT data in this condition showed a signi- 
ficant main effect for Target, F(1,9) = 30.86, p < .001. As 

was the case in the visual-visual condition, this effect repre-
sents the ipsilateral advantage for the right target (Table 1).  

 Analysis of the horizontal kinematic deviations revealed 
significant main effects for Kinematic Marker, F(3, 27) = 
30.80, p < .0001, Cue, F(1,9) = 40.80, p < .001, Target, 
F(1,9) = 6.41, p < .05, and SOA, F = 12.89, p < .01. Again, 
as was the case in the visual-visual protocol, the analysis of 
horizontal kinematic deviation revealed many significant 
two-way and three-way interactions that were superceded by 
a significant four-way Kinematic Marker by Cue by Target 
by SOA interaction, F(3, 27) = 3.02, p < .05. Thus the pat-
tern of results in Fig. (3b) is very similar to those already 
seen in Fig. (3a).  

 

 

 

 

 

 

 

 

 

 

 

Fig. (3b). Deviation from the midline (mm) as a function of cue 
(Left [black], Right [white]), stimulus onset asynchrony (300, 
1200), target (left, right), and kinematic marker (peak acceleration 
= pa, peak velocity = pv, peak deceleration = pd, movement end-
point = end) for the auditory-auditory condition. 

 The post hoc analysis again indicated that left-cued 
movements made to the right target at a short stimulus onset 
asynchrony exhibited a reduced horizontal deviation com-
pared to all other combinations examined. 

Visual-Auditory Protocol 

 For the visual-auditory protocol (see Fig. 2c), there was a 
main RT effect for Target, F(1,9) = 6.06, p < .05, with res- 
ponses made to the left target initiated earlier than those to 
the right. A Cue by Target interaction, F(1,9) = 5.31, p < .05, 
was also evident. Post hoc analysis of this interaction indi-
cates that left-cued, left target movements were initiated 
sooner than those made to a left-cued right target. Although 
the three-way interaction was not significant, F (1,9) = 4.09, 
p < .073, facilitation effects were observed at the short SOAs 
and no facilitation or inhibition of return effects were ob-
served under the long SOA conditions. MT data once again 
elicited a Target main effect, F (1,9) = 14.11, p < .005, that 
again represents the right target ipsilateral advantage (Table 
1). 

 The horizontal kinematic analysis yielded a main effect 
for Kinematic Marker, F(3, 24) = 31.25, p < .0001, and Cue, 
F(3, 24) = 7.42, p < .05. 

 Consistent with the other conditions is the superceding 
four-way interaction, F(3, 24) = 4.54, p < .05 and again a 
very similar pattern of results (see Fig. 3c). 
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Fig. (2c). Reaction time (ms) as a function of cue (Left [black], 
Right [white]), target (left, right), and stimulus onset asynchrony 
(300, 1200) for the visual-auditory condition. 

 Movements made towards the left-cued, right target at 
the short stimulus onset asynchrony showed a decreased 
horizontal deviation from the centrally located home posi-
tion. This increased pulling towards the non-informative left 
cue, coupled with the increased movement times to right 
located targets, may be a result of an increased effort to in-
hibit the effects of the task irrelevant left cue during the 
movement. 

 

 

 

 

 

 

 

 

 

 

 

Fig. (3c). Deviation from the midline (mm) as a function of cue 
(Left [black], Right [white]), stimulus onset asynchrony (300, 
1200), target (left, right), and kinematic marker (peak acceleration 

= pa, peak velocity = pv, peak deceleration = pd, movement end-
point = end) for the visual-auditory condition. 

Auditory-Visual Protocol 

 RT analysis revealed a significant 2-way Cue by Target 
interaction, F(1,9) = 12.01, p <.01. Also revealed was a three 
way SOA by Cue by Target interaction, F(1,9) = 7.23, p < 
.05, which is illustrated in Fig. (2d).  

 

 

 

 

 

 

 

Fig. (2d). Reaction time (ms) as a function of cue (Left [black], 
Right [white]), target (left, right), and stimulus onset asynchrony 
(300, 1200) for the auditory-visual condition. 

 The interaction is not a result of the typical facilitation 
and inhibition at the short and long SOAs, respectively. Post 
hoc analysis revealed that the locus of this interaction effect 
was primarily manifested in the differences at the short SOA. 
Responses to same target and cue locations were initiated 
sooner than those to different cue-target locations. At the 
long SOA only shorter reaction times were observed for 
right-cued, right targets versus those made to right-cued, left 
targets. Individuals were facilitated by varying degrees when 
initiating movements to previously cued locations across 
SOA. No inhibitory processes were evident at either SOA. 

 Examination of the auditory visual protocol MT results 
yielded a main effect for Target, F(1,9) = 16.31, p < .005. 
Movements made to the right target were completed quicker 
than those made to the left target (Table 1). 

 

 

 

 

 

 

 

 

 

 

 

Fig. (3d). Deviation from the midline (mm) as a function of cue 
(Left, Right), stimulus onset asynchrony (300, 1200), target (left, 
right), and kinematic marker (peak acceleration = pa, peak velocity 
= pv, peak deceleration = pd, movement endpoint = end) for the 
auditory-visual condition 

 Analysis of the auditory-visual protocol horizontal kine-
matic trajectories revealed significant main effects for Kine-
matic Marker, F(3,27) = 270.43, p < .0001, Cue, F(1,9) = 
7.09, p < .05, and SOA, F(1,9) = 19.86, p < .005. In addition 
to numerous significant two-way and three-way interactions, 
the results yielded a significant four-way interaction, F(3, 
27) = 16.86, p < .0001. As with the other 3 experimental 
protocols a similar pattern of results emerged (Fig. 3d) in 
that movements made to the right target following a left cue 
at a short stimulus onset asynchrony were marked by a re-
duced horizontal deviation from the home position indicating 
a veering towards the location of the non-informative left-
sided cue. 

Across Protocol Deviation Effects 

 The four-way interaction in all the cue-target protocols is 
driven primarily by deviations toward the left cue when par-
ticipants were aiming to right-sided targets with a short cue-
target interval. As one would expect from other trajectory 
work [20], the magnitude of this bias increased between peak 
acceleration and peak deceleration and stabilized until the 
end of the movement. It would appear that, regardless of cue 
or target modality, events in left space automatically acti-
vated competing response tendencies that then dissipated 
over the next 900 ms (i.e., a SOA of 300 and 1200 ms). Al-
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ternatively, participants may adopt a strategy of devoting 
greater attentional resources to left space because these 
movements are more difficult for right-handed individuals 
performing with the right hand. This latter explanation is 
consistent with the notion that advance preparation is often 
biased in favour of the worst-case scenario [21]. In this con-
text, there was a clear ipsilateral advantage for movement 
time (i.e., the right hand performing in right space). In any 
event, it is of interest that asymmetric trajectory effects were 
evident even in the vision-vision protocol where the tempo-
ral data suggest that performers had already begun to inhibit 
left-sided cues at 300 ms. 

SUMMARY AND CONCLUSIONS 

 The primary purpose of this research was to determine if 
limb trajectory biases associated with competing response 
tendencies could be elicited when the competing responses 
were activated by stimuli from different modalities. The 
work was designed to provide insight into the processes as-
sociated with cross-modal facilitation and inhibition of re-
turn, as well as specific action-based accounts of selective 
attention [7,13,15,22]. It was hypothesized that should the 
motor response codes initiated by the attentional system be 
independent of the modality of cue stimulus presentation 
then the movement trajectories elicited under the different 
perceptual constraints of the experiment would not differ. 
Conversely, should the properties of the visual and auditory 
capture interact with the attentional system in such a way 
that they afford different motor responses, the trajectories of 
the observed movements would not exhibit a consistent pat-
tern. Although we failed to see the type of veering away 
from a competing target location that one might expect in a 
situation in which that target location or movement to that 
target location had been inhibited [15,23], participants were 
biased when pointing to right-sided targets by a left-sided 
cue if the SOA was short. This bias occurred regardless of 
how the cue-target locations were signaled. According to 
Welsh and Elliott’s [15,23] response activation model, these 
trajectory effects occur because the cues activate response 
codes for movements in that direction (see [24] for similar 
results with saccadic eye movements).  

 Of additional interest was the finding that biases toward 
non-target stimuli in left space were more robust than biases 
in right space. While this finding is consistent with previous 
research related to the special role played by the right hemi-
sphere in selective attention [25-28], these trajectory effects 
could also reflect a feedforward strategic approach adopted 
by participants because limb control is more difficult in con-
tralateral space [18]. In either context, cues in left space may 
elicit either more intense or longer lasting response tenden-
cies than cues in right space [3,18].  

 Although our trajectory effects were consistent across 
cue-target protocol, our temporal effects were not. Specifi-
cally, while both facilitation (short SOA) and inhibition 
(long SOA) was evident under auditory-auditory conditions 
only inhibition was present in the visual-visual protocol 
(short and long SOA) and only facilitation (short SOA) was 
evident for the cross-modal pairings. While, as stated previ-
ously, the within-modality differences in facilitation vs inhi-
bition are probably the result of the relative processing times 
for locating a position in space on the basis of light and 

sound, it is intriguing that cross-modal pairings of cue and 
target resulted in facilitation without inhibition (but see also 
[29]). In this context, it may be that facilitation and inhibi-
tion are not opposite sides of the same attentional coin and 
are likely two independent processes [2]. For example, in a 
recent transcranial magnetic stimulation study, Welsh, Gon-
zalez, Lyons and Elliott [30] found that while stimulation of 
primary motor cortex areas associated with muscles required 
for target acquisition enhanced typical response facilitation 
effects at short SOAs (i.e., 100 ms), no impact was evident 
on later inhibitory effects (SOA of 1000 ms). This suggests 
neuronal excitation related to facilitation may be associated 
with change in the representation of action in the motor sys-
tems while inhibitory mechanisms are more upstream (e.g., 
perceptual/attentional in nature) and/or subcortical [8]. Cer-
tainly this latter suggestion is consistent with the finding that 
movement trajectories veered toward, rather than away from, 
competing targets. If facilitation is associated very automatic 
motor processes, this could also account of its independence 
from stimulus modality. 

 In summary, the results of this study indicate that non-
informative visual and auditory cues automatically excite 
response tendencies that can impact both the time to initiate 
and the trajectory of subsequent movements. The blending of 
target and non-target response tendencies appears to be more 
motor than perceptual in nature, and these effects are most 
pronounced when the initial auditory or visual stimulation 
occurs in left space. While these facilitation results are con-
sistent with the response activation model and trajectory ef-
fects that have been found in distractor paradigms [15], both 
our temporal and (lack of) trajectory findings indicate that 
inhibition of return may operate upstream from the motor 
system. This latter suggestion is consistent with recent TMS 
work from our lab [30]. It is also compatible with recent tar-
get-target IOR studies that indicate inhibitory processes 
transfer across effector systems (i.e., the two hands, [19]) 
and even separate nervous systems [31, 32]. 
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