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ABSTRACT. In the present experiment, the authors sought te dif-
ferentiate between a distance and a grouping explanation for the
symmetric versus asymmetric patterns of distractor interference in
selective reaching. Participants (W = 16) pointed to a4 grecn target
that appeared either with or without a red distracteor. Target—dis-
tractor separalion was manipuiated within an array of 5 closely
eronped stimulus boxes. and distractor interference (difference in
performance betwaen trials with and trials without a distractor)
was measured in reaction time, moverment time, percentage srrors,
and movemenl endpoints. Small distances (5 mm) between target
and distractor yielded a symmetric pattern of interference, where-
as large distances (20 mm) yielded an asymmetric pattern, with
more interference from near than from far distractors. Those find-
ings support the distance account of distractor interference and
refute the grouping account.

Key words: distractor interference, motor control, reference
frames, selective attention

hen individuals reach for a target, their response
times are delayed by the presence of a distractor
(i.e., an irrelevant stimulus) elsewhere in the visual display;
that phenomenon is called distractor interference. Accord-
ing to an influential account of distractor interference in
selective reaching (Tipper, Lortie, & Baylis, 1992}, both tar-
get and distractor compete for the control of action. The
stimulus associated with an advantage in processing speed
is likely to control the response. When that particular stim-
ulus happens to be the desired target, the correct response
will be evoked, and little or no interference occurs. If the
advantage in processing speed is associated with the dis-
tractor, however, then the response associated with the dis-
tractor is activated. The motor system then requires inhibi-
tion to prevent responding to the distractor instead of to the
target; that inhibition slows down reaching performance,
and, consequently, interference effects are observed,
A good illustration of how processing speed can deter-
mine distractor interference is the proximity-to-hand effect
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(Tipper et al., 1992}, which refers to the phenomenon thata 1
distractor located between the start position of the responding
hand and the target creates a larger amount of interference
than a distractor Tocated beyond the target. The common
ohservation that reaches to near objects are initiated faster
than reaches to far objects (Rosenbaum, 1980) provides an
explanation for that effect. In other words, near objects have
an advantage in processing speed compared with far objects
and thus are more likely to cause interference.

In a frequent explanation of the proximity-to-hand effect,
it is assumed that selective attention accesses an action (or
himdy -centered frame of reference. According to that view, |
the amount of interference caused by a distractor is deter- -
mined by its spatial relationship with the responding hand. .
Until recently, the proximity-to-hand effect was found for
target-distractor separations of at least 40 mm (Meegan &
Tipper, 1998, 1999; Pratt & Abrams, 1994; Tipper et al.,
1992). Keulen, Adarmn, Fischer, Kuipers, and Jolles {2002)
investigated distractor interference for smaller target—dis-
tractor separations (i.e., 5 and 20 mm). Leaving from a start
position, participants had te reach for a green target that
appeared in one of five potental stimulus locations (see
Figure 1). On some trials, a red, to-be-ignored distractor
appeared at an adjacent location.

Keulen et al. (2002} found that the amount of interference
in movement time was significantly greater with the small
than with the large target—distractor separation (10 and 5
min, respectively). Furthermore, the proximity-to-hand
effect ocourred only with the large target—distracior separa-
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FIGURE 1. Schematic overview of the stimuelus displays wsed in Kealen et ol (20021 The §
denes the st posiion of the responding hand. The numbers 1 to 5 indicate the potential
stimulus locations. Drawn 1o scake. The numbers and the S were not sctually presens A and B
indicate the smabl-separation (Experiment |} and the |arge-sepmmtion (Experiment 2 conds-
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tion, With the simall separaton, the patemn of mterference
wils svmmetric, that is, equal amounts of interference fronm
near distractors (i.e., distractors Iocated bherween the start
position of the responding hand and the targaet) and from fac
distmctors (i.e., distractors located beyond the tarzer).
Keulen et al. suggested the possibility of an envircnment-
centered frame of referance to explain the symmetric pat-
tem of inerference, In an environment-centered frame of
reference, locations of objecrs are coded with respect o
other objects in the display (Danziger, Kingstone, & Ward,
H01; Hinton & Parsons, 1988). The possibility of an envi-
ronment-centered frame of reference was further suppomed
by the finding that when the target—distractor separation
was small. the movement endpoints were biased away from
the location of the distractor rather than away from the start
position of the responding hand. as would he expacted from
an action-centered point of view, Support for the notion that
the frame of reference that predominates 15 dependent wpon
the distance between target and distractor was provided by
the finding that small targei—distractor separations appeared
io invoke an environment-centered frame of reference
whenzas large separations appeared 1o invoke an sction-can-
tered frame of reference.

Somme coution seems appropriate in assigning a critical roke
to the distance between target and distractor in determining
the relevant frame of reference. however. Perceptual grouping
of the individual stimolus boxes might also account for the
observed symmetry effect in the small-separaton conditiom.
That 15, 1o the: small-separation condidon, the individual stim-
olus boxes might have been pereaived as membsers of a group,
whereas in the larpe-separation condition, the five stmulus
boxes might have been parcerved as scparate, independent
objects. That idea is based upon the Gestalt principle of proa-
immiry, That is, objects that ane near to each other tend to unile
and. 28 a resull of that unification. to form percepmual groups.
There are several lines of evidence suggestng that grouped
ofyjects are processed differently from mdependent objects.
First, the plobal-precedence phenomenon (2.g., Naven, 197T)
indicates that the processing of o visual ohject is global o
Incal; global properties {Le., low spatial frequencies, viz., the
whole] are processed first, followed by analysis of local prop=
erties (Le, high spatnl [reguencies, viz, the consfiuting

partsh. Second. Fischer {19%94) had panticipants bisect hori-
zomtal lines, Each ling had rwo leters at 105 ends, with the
spacing between letter and line being smaller one one side
than on the other. Results showed thar bisection judgments
were shifted toward the side with the smaller spacing between
fetter and line. Apparently, the line and the nearby letter were
percetved 45 a whole, making the line appear longer, A third
line: of evidence 1s that interference from distracting flankers
mn & letter-identification task is strenger when target and dis-
ractor are part of the same grovp than when they belong o
differemt groups (Logan, 1996). Thus. there iz evidence to
suprgest that parcaptual grouping can affect informarion pro-
cessing, and, therefore, gronping might have bean a con-
founding factor in the Keuben et al. (2002) sidy.

To decide between a percepal grouping and a distance
explanation for the pattern of distractor interference in
selectve reaching, we conducted the present experiment.
We nsed the same stimulus display with the small separa-
ien berween the individesl stimolus boses that wos used in
Experiment 1 of the study by Keolen et al. (3002} & dis-
ractor could appear either directly sdjacent o the target
stimulug (ie., one bax o the lefl or o the right of the et
stimizlus—as in that study)y or nod adjacent (i.e., two boxes
o the left or o the right of the target stimulus). In other
words, we manipulated tarpet—distractor separation within
the armay of clossly grouped stinalus boxes, IF the symme-
iy effect observed with the small rarge—disiracior separa-
tion, as reported by Keulen et al, (2002), were caused by
grouping of the stimuolus boxes, one would expect symmet-
ri¢ imterference for both small and large target—distractor
separations. [f, howewer, the distance hetween target and
distractor is responsible for the symmeiry versus asyimme-
try in interference, then one would expect small and large
separations to be associated with symmetric and asvinmet-
ric interference, respectively.

Method
Farticipanis

Sixteen Maastricht University undergraduate students (3
men and § women) paricipated in the experiment Their
mean age wis 229 years (range = 21-26 vears), All were
paid a small anvount of money (i.e., the equivalent of about



#4 U5}, were right-handed, had nomeal o correcred-to-
niormal visual acuity, and were naive 48 10 oUr purposes in
the experiment.

Apparatis ared Stirl

Participants were tested individually in & quiet, dimly
illuminated room. They were seated on a height-adjustable
chair in front of 8 43.2-cm (i.e, 17-in.) Brllianee 107 video
menitor (Philips, The Netherlands) that was equipped with
an AccnTouch C towch screen (Elo TowchSystems, Fre-
mont, CA) The monitor was placed in a normal, upright
position, and participants made responses ditectly on the
screen with the tip of their right index finger, Participants
were positioned such that the body rudline was m line with
the start box on the left side of the display and the shoulder
live was parallel o the momitor's screen, The stimulus dis-
play used in the experiment i= schemarically depictad in
Figure 2(A). The start location and stimules boxes were
presented as squares in white outline on a black backgroumsd
and were permanently visible, The five stimulus boxes were
arranged in @ borizontal amay spanning 7 em, with & dis-
tance of 5 mm between the mdoadoal stimulus hoxes (side
Lo side). The start box was located 14 cm 1o the left of that
array {side Lo side).

The target stimulus was presented as a green square com-
pletely flling one of the sumelus boxes. The distrector s@m-
ulus was presented as a red square completely filling erther 2
stimulus box directly sdincent to the target or a stimules hox
mexl o an acdjcent bos. As a result, target—distracior separa-
tion was either 5 mm {distractor adjacent) or 20 mm (distrme-
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tor net adiacent). A distractor could appear either o the left
of the target (i.e., near distractor) or to the right of it (e, far
distractor). In Figure 2 (B-F), five examples of experimental
rials (with the tirget appearing at the third position) arc
schematically depicted.

All boxes were 10 mm wide and high. Note, however,
that for defining an aiming error, we set the effective target
widih at 12 mim; we did so in erder w limit the number of
CImors (i.c., larget misses). The toech screen was imterfaced
with an M5-DOE Pentium computer, which controlled
stimulus presentation and recorded response times and
response accurscy. Temporal resolution was 5 ms, spatial
resolution 0.1 mm.

Dresign

Participants performed i one single session Jasting about
25 min. There were 310 tast trials, preceded by 25 practice
trials. Within the block of 3140 test trials, there were 80 tri-
als without distractor (that is, 20 for Target Location 3 and
15 for each of the remaining target locations) and 230 trials
with distractor (15 for sech target-distractor [T-D] combi-
nation with Targets 1.2, 4, and 3; and 20 for each T-D com-
bination with Target 3}, The order of diswractor and no-dis-
tractor inals was random. The block of test irials was
interrupted vwice by 3 L-min break.

Procedure

At the beginning of each trial, the start box tumed green,
indicating that the participants could move their fingertip o
the green stant box. Contact with the start box caused the
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FIGURE 2. Schematic pverview of the stimulus display used in the coment experiment (A),
amd five examples of experimental irials (B-F). The dashed stimulus reprosenie the target, the
black stimulus the disiracior. Drawn to seale. The nurmbers and the S were not sctually present.
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ereen light in the start box o disappear and the target stum-
wlus (with or withowt distractor) to appear immediately and
to rernain on until the response was completed. Participants
were informed that on each tral a green light would appear
in onz of the five simulus boxes and that on some irials a
red light would appear in a different box. They were
instructed to contact the green target stimulus as guickly
and accarately as possible while ignoring the red distractor
stimulus. One second after completing the aiming response,
the: somuolus boxes wers cleared and the start box turned
green again, signaling the start of the next wial, which the
participants conld initinte at wall. The computer presented a
visual-feedback signal if the participant failed o it the -
get box or if the start box was released too soon [that is,
within 100 ms after target presentation). In additon, the
computer generated & visual error signal if the participant
failed o contact the start box sccurately. In that case, the
trial was repedted.

We calculated two measures of response time: (8} reac-
tion time (BT}, which was measored from the time the tar-
et simalis appeared 1o the time the start box was released:
and (b} movement ime (MT), which was measored from
the rme the stant box was released to the me the target box
was pressed.

Analysis

ETs below 104 ms were considered anticipations and were
excluded from dara analyses; 4.1% of the wials were removed
on the baszis of that criterion (2.4% of the no-distractor trials
and 445 of the distractor trials). For the remamming trals, KT,
MT, and proportions of emors were calculated for each par-
ticipant as a function of distrctor presence and target foca-
tion. We performed two different kinds of analysis of van-
ance (ANOWA), The first analvsis, called agnalvsis of
distractor preserce, incloded all daa and was performed on
mean BT, MT, and percentage errors, with distractar presance
(with v&. without distractor) and target location (1, 2, 3, 4. or
5} as within-participant variables,

In the sscond analysis, called analvsis of rarger—distrac-
fow separadion amd disfracior localion, We compared (rials
with near distractors—small separation, far distractors—small
separation, near distractors—lsrge separation, and far dis-
tractors—large separation. Following Meegan and Tipper
{1995), we calculated interference scores for each partici-
pant in each of the distractor conditions in the following
manner. Mean BETs, MTs, and percentage errors were cal-
culated for each wrgei—disractor combination, including
tarpet-only conditions, The differences betwesn mean RT,
MT, and percentage ermor for esch tarpel—distractor combi-
nation and its respective control (Le, BT, MT, and pereent-
age crror to the same target without a distractor) were then
calcalated. We calculated interference scores for each par-
ticipant in each distractor condition by taking a mean of all
differsnce scoras in 4 particular distractor condition; fhe
means in each condition were pooled across several tar-
get—distracior combinanons, We alse examined the effect of
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target-distractor separation and distractor location on the
spatial endpoints of the movements. In particular, we
assessed biases in the horizontal and vertical dimensions
relative to the exact center of the target box in terms of the
constant emror (CEL. Again, interference scores were calcu-
lated following the procedure previcusly described.

Whenever appropriate, we sdjusted the tests for hetero-
geneity of varance and covanances by using the Huynh-
Feldt corrected significance values, We carmied out post hoc
analyses by performing modified ¢ tests, vsing the Bonfer-
moni method to adjust the p values. To determine stadstical
sipirficance, we used an alpha level of .05,

Results
Analysis of Distractor Presence
Reaction Time

All F valves were nonsigniticant (all ps = 41, indicating
that target location and distractor presence had no effect on
RT. Mean BT was 186 ms.

Movemens Time

There was a significant main effect of distractor preg-
ence, Fil, 13) = 27.59, p < (], indicating a mean inter-
ference effect of 16 ms (Ms = 429 vx, 413 ms for tmals with
and without distractor, respectively ). There alao was a main
effect of target location, F4, 800 = 31.94, p < 001, indicat-
g longer MTs for targets located farther away from the
start position of the responding hand (Ws = 394, 414, 421,
434, ared 442 ms for Targets 1, 2, 3, 4, and 5, respectively),
The Distsactor Presence » Target Location interaction was
not significant, Fi4, 600 = .76, p = .3,

Fercentape Ervor

All F values were nonsignificant (all ps = .3), indicating
that distractor presence and targed location had no effect on
percentage errors, Mean crror rate was 12,9%,

Analysis of Target—I¥stractor Separation
and Distractor Location

Reaction Time Interference

All F values involving the factors target—distractor sepa-
ration and distractor location were nonsignificant (all ps >
-2}, indicating that those varables had no differentisl offect

on BT imterference.

Movement Time Interference

Meither distractor location, F(1, 15y =.75, p = .3, nor tar-
get-distractor separation, F(1, 15} = 1.95, p > .1, showed o
significant main effect on MT mterference. However, there
was a significant Distractor Location « Target-Distractor
Separanon interaction. Fi1, [5) = 1073, p < .01 That inter-

- action 1s depicted in Figure 3. The interaction indicated a

symumettic pattern of interference with the small tarpet—dis-
ractor separation {16 vs. 19 ms for near and far distractors,
respectively) ot an asymmstnic pattemn of interference with

Joumal of Motor Behavior
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FIGURE 3. Mean movement time (MT) interfesence, averaged across all targel positions, as
a function of targei—distractor separation and distractor location {near vs, farl.
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FIGURE 4. Mean constant error (CF) interference, avernged aoross all target positions, s &
function of targel-distracior separaiion and distractor location (near vs. far). Negative and
positive orchinate valees denote leftward and rightward hiases, respecthvely.

the large separation (19 vs, % ms for near and far distractors, .2}, indicating oo differentinl effects on percentage error
respectively). Thus, a proximity-to-hand effect material- interference.

ized, but only for the turget—distractor ation.
+ e L R Movement Endpoint Interference

Fercentage Ervor e ference There was a significant Distractor  Location  x

All F values imiolving the factors tapget-distractor sepa-  Targes—Distractor Sepasation interaction, F{1, 15) = 12.49,
ration and distractor [ocation were nonsignificant (all ps = P = 005 (see Figure 4). The interaction indicated that the

June 2003, Vol 35, No. 2 123
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patiern of spatial diversion wis symmetric for the small tar-
gei—distractor separation (.99 mm rightward vs. .70 mm
leftward for near and far distractors, respectively’ but asym-
metric for the large separation (0.6 mm richwand vs. 0015
mum lefrward for near and Fir distructors, respectively). Note
that the 0.15-min lefiwand bias did not differ significantly
from zero, #(15) = —1.06, p = 3. Thus, also in terms of
movernent endpoint, the proximity-to-hand effect ocourred
only with the large target—distractor separation. In the verti-
cal ditnension, there were no differential hiases; all condi-
tions showed an upward bias (mean CF = 0L69 mm).

Discussion

Feulen el al, (2000) mampulated target—disiractor sepa-
ration and found asymmetric interference effects (Le, a
proximity-to-hand effect) with large tarpet-distracior sepa-
rations bt symrmetrie nlerference effects with small sepa-
rations, The fnding of asymmetric interference replicated
the: results found in several previous reports {e.g,, Meegan
& Tipper, 1998, 1999; Tipper et al., 19927, but the fnding
of symimerric nterference was ruther new. In the preseat
experiment, we tested the possibility that a percepiual
grouping effect of the individweal stimmlues boxes might have
accumed with the amall bur not with the laroe tareet—dis-
tractor separation and that the groupimg effect might have
caused the symmetric interference with the small
Larget—istractor separation.

In the cument experiment, we manipulated target—dis-
tractor separation within an array of fve closely grouped
stimulus boxes, Results showed a symmetric pattern of
interferance in MT with the small target-distractor separa-
tion but an asymmettic patern of interference m MT with
the large separation. Those results replicated the findings of
Keulen et al. (2002), but now with the growping factor held
comstant. That outcome provides support for the notion thit
target—distractor separaion is an important madiator of the
pattern of distractor interference in selectve reaching.

Mo interferance effect in BT was found in the present
study. That outcome is probably related o the fact thar by
depressing the start position, participants immediately
called up the stimulus. That, in combination with the con-
stant movement direction and the absence of catch ials,
allowed participants o depress the start position and then
immediately start moving in e direction of the stimulus
boxes, That strategy was reflected by the relatively short
ETs. Thus, in the present paradigm, RT scemed to be a poor
indicator of planning processes.

MNote, moreover, that the grand mean for BT (e, 186 ms)
wias closer o what one would expect . a simple reaction
time paradiam thin o what one would expect in a five-choice
situation. However, RTs for reaching movements are inde-
pendent of the number of response choices (Favilla, 1006).

In the present experiment, the movement endpoints dis-
played a symmetric patern of mnterference with the small
separation but an asymmetric pattern with the large separa-
tiom. More specifically, with the small separation, near dis-
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tractors caused a bias 10 the nght and far distractors a bias
i the lefi. That finding indicates that movements were
biased wway from the location of the distractor. With the
large separation, however, near distractors caused o bias to
the right {i.e., away from the start position of the respond-
img hand), wheseos far disteactors did ot couse a sipnificant
armount of bias. The finding of symmetric interference in
terms of movement endpoints with the small sepiration
replicated A similar observation reposted by Fischer amd
Adam (2001). They concluded that in their study, partici-
pants ended o point o locations within the prescribed -
=t ared that maximized the distance o the distactor. In
other words, they also found a spatial biss away from the
distractorn

The spatial repulsion effect iz consistent with the finding
repaned 1o numerons articles that movement paths veer
away from the distractor {e.g., Howard & Tipper, 1997; Tip-
per, Howard, & Jackson, 1997). Veerng away has been
explained in different ways. One is that hoth targer and dis-
ractor are processed In parallel and evoke competing
responses. The motor sysiem resolves te competition by
inhibiting the competing internal representations of the dis-
tractor ohject. The path deviation s inferpreted as a reflec-
tion of that inhibition (Tipper et al., 1997} Another expla-
nation is based on the concept of obstacle avoidance,
Obstacle aveidance can be defined as “moving around the
obisracle so 2 not o bring hody parts closer than 2 preferred
distance that is perceived to be safe” {Tresilian, 1998, i
336). Veering away from the distractor. then, 15 cansed by
the perceived obstructing effect of the distractor, In other
words, obstacle avoidance effects occur not only when the
distractor acmally is an obstacle but also when a distractor
15 only perceived to be an obstacle. People attempt to main-
tdin 4 minimum distance between their [imb segments and
distractor objects within the workspace, thus leading to
movvemmnent paths that veer away from the distractor. Because
the final endpaint of a movement 15 olten closely related to
its path, that explonaticn might also apply to the spatial
repulsion effect observed with the movenent endpoints in
the present study.

Maotwithstanding the numercus reports of movement
paths veering wway from the distractor, there have bheen
some teports of movement paths veering toward the dis-
tractor (Chicfli, Gentilueei, Allport, Sasso. & Rizzolatti,
1993, Welsh, Elliott, & Weeks, 19993, However, Welsh et
al. (1999) wsed an indirect pointing task (moving a cursor
an a computer screen by moving 4 handheld moeuse on o
gruphics tablet), and Chieffi et al. (1993 found the veering
effect toward the distractor only in o patient with a right
parietal lesion. In the present study, all pamicipants wers
normal, healthy adults who performed o direct reaching
mavernent, as were the participants in the aforementione d
studies in which mwvement paths were found to veer away
from the distractor.

The MT and movement endpoint data suggested that
small and large target-disiractor separations appear to

Jowrnal of Motor Behavior



imvoke an environment-centersd and an action-centerad
frame of reference, respectively. That ohservation is consis-
tent with the idea that moltiple frames of reference can be
seeessed when performing a reaching response. How can
that be explained?

A possible explanation is focusad on the ides that the dis-
tanece between target and distractor determines whether tar-
et and distractor are perceived a8 a group or as separate
objects, Mote that that explanation is differ=ot from the
grouping account mentioned in the introductory comments.
That 15, although the focos in the zrouping account i on the
spatial organization of the individual stimulus boxes, the
following explanation relates 1o the specific creanization of
target and distractor.

According to that idea, with small target—distracior sepa-
rations, the complex of targel and distractor is likely to be
perceried a5 a single. large “compound” stimolus. A
respons: will then be directed toward the compound stimo-
lus. When the vicinity of thar stimulus is reached. the actor
has to dizcriminate betwaen tarpst and distractor in order fo
terminate the movement accurately ar the rarger, After
selection of the target has taken place, a corective move-
ment i5 made woward the targel. Thal process of selection
and fine-mining is time-consuming and slows down reach-
ing for the target. Because the marget and the distractor are
close together, the duration of the required comective move-
ment will not differ substantially for tials with near and
those with far distractons. As a result, & symmetric pattern
of interference is observed.

With the large separation, however, targer and distmctor
arg most lkely percerved as two separate, independent
objects. It is therefore plassible that a response heading for
the nearest stimulus is initially prepared, When a near dis-
tracior accompanies the targer, the stimulus nearest W the
start position of the hand 15 the distractor. When approaching
that stimizlus, identification @kes place. When the distactor
is then recognized us such, the tendency o terminate move-
ment 4t the disiractor has o be actively mhibited, and move-
ment toward the target has 10 be comtinued. That inhibitdon
intermupts the ongoing response and slows down movement
tirne toward the targel. However, when a far distractor accome-
panies the target, the target is nearest 1o the start position
When identificaion takes place approaching the first stimu-
lus, and the targer is recognized as such, the movement will
terminaie at the targer A far distractor then will mot or will
wumimally interfers with target-directed reaching. That
explaing the agymmetric pattem of interference.

Im Fum, the present pattern of results suggests that parmic-
ipants were accessing different frames of reference in the
amall- and large-separation conditions (environment-cen-
tered and action-cemered, respectively). However, onc
might argue that the disappearance of the procimity-to-hand
effect in the small-separation condition does not necessari-
Iy irnply: that an environment-centered rather than an action-
centered frame of reference is accessed. Assuming that the
action-centered region extends slightly beyond the target,
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ome might argue that far distractors with & S-mm targes—dis-
tractor separation are included in that region, whereas far
distractors with 4 20-mm targei—distracior separation are
not inclueded. That line of reasoning wonld alzo explain the
symmetric and asymmetric patierns of interference in the
small- and large-separation conditions. However, that slter-
nalive explanation cannol account for the movement end-
point duta; that is, the obzervation that in the small-sepura-
tion condition the movement endpoints veared away [rom
the location of the distracior and not away from the start
location of the responding hand ix at odds with an sction-
centered account,

In conclusion, with small target—disiractor scparations,
interference is determived by the relationship berween tar-
get and distroctor (eovironment-centeved). With large tar-
get-distraclor separations, however, the relationship
between target, distractor, and the start pesition of the hand
is critical {action-centered). In the present study, we showed
that those finding: are true also when target—disteactor sep-
aration iz manipulated wathin an arcay of closely grouped
stmulus boxes.
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MOTE

1. The movemenis reported by Keolen et al, (2002) 23 well as
the movements in the present study were from left 1o fight, where-
as in the study of Tipper etal. (1992 movernents were made cither
away from or oward the body.
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