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INTRODUCTION
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Many times each day we reach for a certain object while ignoring other objects that are simultaneously present but irrelevant for the task at hand. Imagine yourself having dinner. In
order to eat your soup you have to reach for and pick up your spoon. However, your spoon
is next to your knife on the table. So, you have to reach for the spoon and prevent reaching
for the knife. Or, imagine yourself entering your Personal Identification Number (PIN) on a
cash dispenser. Here you have to touch and press a series of numbers represented at specific spatial locations, while preventing pressing the wrong number. These examples illustrate the phenomenon of selective reaching: selectively moving the arm/hand system to a
specific object in space or location while ignoring competing objects or locations. In the literature, irrelevant to-be-ignored objects are usually referred to as distractors.
In the present thesis we investigated the planning and execution of selective reaching
movements toward green targets in the presence of red distractors in healthy young
adults. We were especially interested in the questions of how and to what extent distractors
may affect goal-directed aiming responses. In particular we focused on the factor “distance
between target and distractor” as a possible variable mediating distractor interference in
selective reaching. Thus, we were interested in whether distractors far from the target interfere in the same way and to the same extent as distractors close to the target.

The Study of Selective Reaching
Tipper, Lortie, and Baylis (1992) were among the first to systematically investigate selective
reaching in the context of distractors. Their apparatus consisted of a 51 cm x 51 cm board
with nine 1.5 cm x 1.5 cm buttons on it arranged in a 3 x 3 matrix. The distance between two
adjacent rows and columns was 13.5 cm. Directly below each button there were two LED
lights (one red, one yellow). A start button was located 13 cm below the first row and in line
with the middle column (see Figure 1.1A for a schematic depiction of the stimulus board).

Figure 1.1.

Schematic depiction of the stimulus board used by Tipper et al. (1992). The square with the ‘S’ printed
inside indicates the start button. The remaining squares indicate the target buttons.
The cross indicates where participants were seated relative to the start button. Not drawn to scale.
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Participants were seated in front of the stimulus board on the side closest to the
start box. They were asked to press the start button with their right hand index finger.
Upon pressing the start button, the target (indicated by the red light) and, on part of the
trials, the distractor (indicated by the yellow light) appeared. Participants were instructed to press the button indicated by the red light as quickly and accurately as possible,
while ignoring the yellow light (if present). Response times (i.e., the total of reaction
time and movement time) were measured.
Results showed that distractors on the row in between the start button and the target
interfered more than did distractors on the row beyond the target. In other words, the presence of a distractor prolonged response times relative to the no-distractor situation, and this
interference effect was larger for distractors in front of the target (i.e., within the path of the
response to the target) than for distractors beyond the target. Tipper et al. (1992) called this
the response-path effect. This differential effect was replicated when turning the stimulus
board around (see Figure 1.1B). An additional finding was that distractors on the side of the
responding hand interfered more than distractors on the other side (i.e., the ipsilateral effect).
Meegan and Tipper (1998) examined more closely the spatial aspect of distractor
interference in selective reaching. They categorized distractors with regard to their
proximity to the response path ánd their proximity to the starting position of the responding hand. They only found an effect of the latter, not of the former. More specifically, distractors close to the start position interfered more than those further away from
the start position, and this was true for both reaction times and movement times. Thus,
a proximity-to-hand effect rather than a response-path effect appeared to be the best
description of the difference in interference between distractors in between the start
and the target and distractors beyond the target. The finding of both the proximity-tohand effect and the ipsilateral effect were assumed to suggest that the relationship between the target and distracting stimuli with the start position of the responding hand
determines the pattern of interference in selective reaching.

The Visuomotor Processing Hypothesis
In a later publication, Meegan and Tipper (1999) proposed the Visuomotor Processing
Hypothesis to account for interference effects in selective reaching. This hypothesis attributes interference in the selective reaching task to visuomotor competition from distractors. The Visuomotor Processing Hypothesis assumes that both target and distractor
automatically trigger the planning of movements toward their respective locations. It
suggests that the faster a reaching movement can be made to a location, the more a
distractor at that particular location will interfere. This is so because the efficiency of
visuomotor processing (planning and execution of movement) depends on the location
of the stimulus. Because, according to Fitts’ Law (Fitts, 1954), reaches to near locations
are faster than reaches to far locations, and reaches to ipsilateral locations are faster
than those to contralateral locations (Carey, Hargreaves, & Goodale, 1996; Carey & Ottode Haart, 2001), the Visuomotor Processing Hypothesis provides an explanation for
both the proximity-to-hand effect and the ipsilateral effect.
Meegan and Tipper (1999) tested the Visuomotor Processing Hypothesis by placing an obstacle (i.e., a transparent plastic half-dome) at one of the potential stimulus locations. When an obstacle is present at a certain location, reaching toward that location
is obstructed, which should result in prolonged response times.
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Hence, according to the Visuomotor Processing Hypothesis, less interference should
result from a location with obstacle than from the same location without obstacle. Indeed,
results showed that, relative to the obstacle-absent situation, response times in the obstacle-present situation were longer, whereas interference from this location was reduced.

Two Pathways for Visual Perception
The Visuomotor Processing Hypothesis is consistent with the theory that there are two
functionally different visual systems or pathways. Ungerleider and Mishkin (1982) distinguished between a ventral system and a dorsal system, subserving object vision and
spatial vision, respectively. Both systems depart from the primary visual cortex, with the
ventral one projecting to the inferior temporal cortex, and the dorsal one projecting to
the posterior parietal cortex.
Object vision refers to perception of objects, whereas spatial vision refers to the
perception of the spatial relations between those objects. This functional distinction has
evolved in referring to the ventral and dorsal system in terms of the ‘what’ and ‘where’
system, respectively. Goodale and Milner (1992; Milner & Goodale, 1993), however, objected to this view in which two systems handle different aspects of a stimulus. Instead,
they suggested that the ventral and dorsal stream differed with regard to what purpose
they serve. More specifically, the ventral stream is involved in vision-for-identification
processing, whereas the dorsal stream is involved in vision-for-action processing. That
there is more to vision-for-action than only spatial processing has become clear from
evidence showing that not only location information (which is important for reaching
movements) is processed by the dorsal stream, but also object attributes like size,
shape, and orientation, which are required for the control of grasping responses (e.g.,
Jeannerod, Arbib, Rizzolatti, & Sakata, 1995). Schmolesky et al. (1998) found that visionfor-action is faster than vision-for-identification. This implies that ‘the faster a reaching
movement can be made to a location, the greater the advancement of the visuomotor
representation of a distractor appearing at the location (when information becomes
available for selection), and the greater the interference caused by the distractor.’

Spatial Frames of Reference
Defining the spatial coordinates of objects or stimuli necessitates the existence of spatial coordinate systems, also referred to as frames of reference. Various frames of reference have been proposed, and next we will discuss those frames of reference that have
been suggested to be involved in visually guided selective reaching.
An example of a so-called egocentric frame of reference is the viewer-centered
frame of reference. In the viewer-centered frame of reference locations of objects are
represented relative to the viewer. According to this view an ‘attentional space’ is created from the viewer to the attended location. Only distracting stimuli that fall within this
attentional space are analyzed and cause interference.
An example of an allocentric frame of reference is the environment-centered frame of
reference, in which objects are coded relative to the environment or, more specifically,
relative to other objects or stimuli in the environment.
A frame of reference that is neither egocentric nor allocentric is the action-centered
frame of reference. According to the action-centered frame of reference, objects in space
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are coded relative to the starting position of the responding effector. Tipper and colleagues (Tipper et al., 1992; Meegan and Tipper, 1998,1999) argued on basis of the proximity-to-hand effect and the ipsilateral effect that in selective reaching tasks involving
distractors, target and distractor are coded relative to the start position of the hand. Of
course, this is the principal argument for the Visuomotor Processing Hypothesis: the location of objects relative to the start position of the hand determines the efficiency of
visuomotor processing of those objects.
Despite of the fact that the proximity-to-hand and ipsilateral effects reported by
Tipper and colleagues are in support of an action-centered account of distractor interference in selective reaching, the environment-centered frame of reference might be involved in selective reaching as well. Support for this position comes from Fischer and
Adam (2001) who had participants point to randomly lateralized targets, appearing either alone or simultaneously with a nearby distractor. Results showed that participants
pointed to positions within the target area that maximized the distance to the distractor. In other words, movement endpoints were biased away from the location of the distractor, not from the start position of the hand, as would have been expected from an
action-centered point of view. Thus, it seems possible that multiple frames of reference
may play a role in selective reaching, with the dominant frame of reference being dependent on the task demands. The work of Fischer and Adam (2001) suggests that target-distractor separation might be an important factor determining the dominant
frame of reference.

Target-Distractor Separation
Tipper and colleagues (Tipper et al., 1992; Meegan and Tipper, 1998, 1999) used rather
large distances between targets and adjacent distractors (i.e., 13.5 cm), and they observed proximity-to-hand and ipsilateral effects, suggesting the dominance of an
action-centered frame of reference. Fischer and Adam (2001), on the other hand, used
small distances ranging from less than 1 mm up to 38 mm, and found that movement
endpoints were biased away from the location of the distractor, which is consistent with
an environment-centered rather than an action-centered frame of reference. Hence, the
action-centered frame of reference might be dominating in situations, in which target
and distractor are far apart, whereas the environment-centered frame of reference
might be important in situations in which target and distractor are close together.
This issue might be related to Woodworth’s (1899) Two-Component model, according to which aiming movements consist of two components: (1) an initial impulse
phase, during which the responding limb is brought into the vicinity of the desired target; and (2) a current control phase, during which visual information about the relative
positions of the limb and target/distractor is used to make any adjustments to the
movement trajectory necessary to accurately terminate the movement on the target:
feedback-based control. Woodworth’s Two-Component model implies that there may
be at least two selection problems to solve when reaching for a target that is flanked by
a distractor: (1) determining the general location of the target and distractor; and (2)
distinguishing the specific location of the target relative to the distractor. The first problem may particularly benefit from an action-centered frame, because the task here is to
move the hand from its start position to the target area. The second problem, however,
may benefit from an environment-centered frame of reference, because the task here is
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to accurately hit the target and not the distractor. The latter problem is especially evident when target and distractor are close together and therefore strongly compete for
the control of action. Thus, the environment-centered frame of reference might become
relevant when target and distractor are close together in space.

Questions and Aims
In the present thesis we investigated the effect of a single red distractor on the planning
and execution of selective reaching movements toward a green target. Our main research question was how the physical separation between target and distractor may affect the amount and pattern of interference in selective reaching. The rationale for this
question was that the proximity-to-hand effect, so far, only has been found with large
target-distractor separations, and it is unclear whether it also holds for small(er) targetdistractor separations. For theoretical reasons outlined earlier, it seems possible that
with smaller target-distractor separations an environment-centered frame of reference
may dominate. Thus, our primary aim was to examine the idea that multiple frames of
reference might be involved in selective reaching, with the dominant frame of reference
being dependent on target-distractor separation. In line with this aim, we also sought
tot test the generalizability of the Visuomotor Processing Hypothesis as a valid account
of distractor effects in selective reaching when relatively small target-distractor separations are involved. After all, the Visuomotor Processing Hypothesis assumes the involvement of an action-centered frame of reference in selective reaching and can account for
‘action-centered’ distractor effects, such as the proximity-to-hand effect which primarily
has been found with large target-distractor separations. Thus, when our assumption of
multiple frames of reference being involved in selective reaching is correct, the
Visuomotor Processing Hypothesis should not necessarily generalize to small target-distractor separations.

Outline of This Thesis
All experiments in this thesis involved selective reaching movements toward a green target box presented on a computer screen. On part of the trials, the target was accompanied by a red to-be-ignored distractor box. Reaction times, movement times, and
response accuracy in terms of error percentages and movement endpoints were calculated. In Chapter 2 target-distractor separation was manipulated to test the hypothesis
that multiple frames of reference might be involved in selective reaching, with the dominant frame of reference being dependent on the separation between target and distractor. Target-distractor separation was either small (i.e., 5 mm), large (i.e., 20 mm), or
variable (i.e., range 2-110 mm), and target (and distractor) were presented either peripherally or foveally. In Chapter 3 we sought to differentiate between a distance account
and a grouping account of the interference effects found in Chapter 2. This was
achieved by manipulating target-distractor separation without changing the perceptual
grouping of the stimulus boxes in the visual display. An effect of target-distractor separation then should occur only when distance rather than grouping is the crucial determinant of distractor interference in selective reaching. In Chapter 4 we tested the
hypothesis that the temporal locus of interference may depend upon the separation between target and distractor. Movement time was split up into time to peak velocity and
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time after peak velocity to allow for differentiation between ‘early’ and ‘late’ interference. The idea here was that when target and distractor are spatially close together,
two selection problems might need to be solved: one early (determining the general location of the complex of target and distractor), and one late (distinguishing the exact location of the target relative to the distractor). However, with a large separation between
target and distractor there might be just a single (i.e., early) selection problem. In
Chapter 5 we investigated the effect of movement direction on the amount and pattern
of distractor interference in selective reaching. The rationale for this was that there have
been reports suggesting either a rightward or a leftward movement advantage, depending on the hand used to respond. We sought to explore whether an advantage for
a particular movement direction extends to the susceptibility to interference from distractors. This was accomplished by having participants perform rightward and leftward
movements with using both the right and the left hand. Chapter 6 focused on developmental changes in the susceptibility to distractor interference when performing targetdirected reaching responses. Since distractor interference in selective reaching has
been related to inhibition of the distractor object, and since the developmental literature reveals strong improvements in inhibitory control occur during childhood, we
found it relevant to investigate developmental changes in selective reaching performance. Finally, in Chapter 7 we discussed the findings reported in the present thesis in the
light of both the frames of reference issue and the Visuomotor Processing Hypothesis. We
also related our findings to a recent model of movement control put forward by Glover (in
press) in which the influence of various sources of information regarding the movement
on planning and control are described. Finally, we provided some limitations of the present research and suggested some directions for future research.
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Abstract

Students participated in 3 experiments investigating the use of environmentand action-centered reference frames in selective reaching. They pointed to a
green target appearing either with or without a red distractor.Target– distractor distance was manipulated, and distractor interference (difference between
distractor trials and no-distractor trials) was measured in reaction time, movement time, and movement endpoint. Target– distractor distance determined
the dominant frame of reference. Small distances evoked an environment-centered framework that encoded targets within an external context. Large distances evoked an action-centered framework that encoded targets relative to
the start position of the hand. Results support the hypothesis that the brain
represents spatial information in multiple frames of reference, with the dominant frame of reference being dependent on the task demands.
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INTRODUCTION
A well-known example used to highlight the concept of selective attention is picking a
ripe apple from a branch when an unripe apple is nearby on the same branch (e.g.,
Meegan & Tipper, 1999). This example shows that selective attention mediates goal-directed action through selection of appropriate actions and inhibition of inappropriate
actions (i.e., picking the unripe apple). These selection processes take time, resulting in a
longer time to respond to the target when a distractor is present than when it is not.
The interfering effect of a distractor on response time, labeled distractor interference,
was demonstrated by Tipper, Lortie, and Baylis (1992) in a selective reaching task.
Tipper et al. (1992) asked participants to reach for and depress one of nine target buttons arranged in a 3 x 3 matrix. Two small lights, one red (the target) and one
yellow (the distractor), were positioned directly below each button. On 20 % of the
trials the red light (the target) appeared alone, whereas on the remaining trials the
yellow light (the distractor) appeared concurrently with the red light but at a different location. Starting from different home positions, participants had to touch as
quickly as possible the button indicated by the red light while ignoring the button associated with the yellow light. Using response time (time from stimulus onset to contact of the target button) as the dependent variable, Tipper et al. (1992) found that the
presence of a distractor light in the display slowed reaching performance.1 Moreover,
results showed two asymmetries in the spatial nature of the interference effect. In
one, distractors located between the start position of the hand and the position of
the target caused greater interference than did distractors located beyond the target. Tipper et al. called this the proximity-to-hand effect. In the other, distractors located in the hemispace ipsilateral to the responding hand caused more interference
than did contralateral distractors. Tipper et al. called this the ipsilateral effect. The
two effects indicate that the spatial relationship of the target and distractor with the
start position of the responding hand is an important determinant of distractor interference.
Following the discovery of distractor interference in selective reaching, Meegan and
Tipper (1999) proposed the Visuomotor Processing Hypothesis. This hypothesis attributes interference in the selective reaching task to visuomotor competition from distractors. Distractor interference reflects the need to suppress or inhibit responses toward the
distractor. The hypothesis assumes that both target and distractor automatically trigger
the planning of movements toward their respective locations. It suggests that the more
quickly a reaching movement can be made to a location, the greater the interference
from a distractor at that location. This is so because the efficiency of visuomotor processing (planning and execution of movement) depends on the location of the stimulus.
The Visuomotor Processing Hypothesis can explain both the proximity-to-hand and ipsilateral effects by assuming that near or ipsilateral locations are associated with shorter
reaction or movement times (MTs) than far or contralateral locations, respectively (see also
Meegan & Tipper, 1998).

Spatial Reference Systems
Encoding a target location implies the existence of a frame of reference in which space
coordinates are defined. At least three frames of reference have been proposed for visu-
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ally guided reaching (e.g., Andersen, Essick, & Siegel, 1985; Tipper et al., 1992): (a) a
viewer-based (or egocentric) frame of reference according to which locations of objects
are coded relative to the viewer, (b) an environment-based (or allocentric) frame of reference according to which locations of objects are coded with respect to other objects in
the display, and (c) an action-based frame of reference according to which objects are
coded relative to the start position of the responding effector. The Visuomotor Processing
Hypothesis assumes an action-centered frame of reference (Tipper et al., 1992). That is, selective attention controls goal-directed aiming movements and operates in a spatial domain defined by the relation of the target and distractor positions to the start position of
the responding hand. Hence, a given distractor could be more or less distracting, depending on its relation to the hand and target.
The environment-centered framework may play a role in selective reaching as well.
Aiming of movements toward targets can also be influenced by the spatial relationships
of the target with environmental cues. This point is illustrated by evidence showing that
the Ebbinghaus (or Titchener circles) illusion—a target circle surrounded by smaller circles appears to be larger than a target circle surrounded by larger circles—may affect
grasping movements (e.g., Franz, Gegenfurtner, Bulthoff, & Fahle, 2000; but see Haffenden
& Goodale, 2000). Furthermore, Fischer and Adam (2001) reported a spatial repulsion effect indicating that the endpoints of movements were biased away from the location of
the distractor, not away from the start position of the responding hand. Thus, the brain
may code visual information in multiple frames of reference, with the frame of reference
that dominates performance being dependent on the task demands and the nature of the
stimuli used (e.g., Allport, 1989; Baylis & Driver, 1993; Gangitano, Daprati, & Gentilucci,
1998; Graziano & Gross, 1998; Tipper, Weaver, & Houghton, 1994). For instance, the environment-centered frame of reference, which describes the relationships between or
among objects in the environment, might be dominating performance in situations in
which target and distractor are close together. In terms of the apple-picking analogy,
the issue is whether an unripe apple directly adjacent to a ripe apple causes the same
kind of interference as an unripe apple further away. We believe that the answer to this
question depends on both bottom-up factors (e.g., target–distractor distance) and topdown factors (e.g., eye fixation strategies). The purpose of the present experiments was
to investigate the role of such factors.
So far, most studies have involved rather large distances between target and distractor locations: Tipper and colleagues (Meegan & Tipper, 1998, 1999; Tipper et al.,
1992) used a target–distractor separation of 13.5 cm, whereas Pratt and Abrams (1994)
used a target–distractor separation of 4 cm. These studies revealed substantial proximity-to-hand effects; that is, distractors between hand and target (i.e., near distractors) interfered more than distractors located behind the target (i.e., far distractors). In other
words, these studies showed asymmetric interference effects (i.e., unequal amounts of
interference for near and far distractors), a key characteristic of action-centered attention. The present study examined the possibility that asymmetric interference effects are
limited to conditions that involve relatively large spatial separations between target and
distractor, and that very small target–distractor separations might exhibit a symmetric pattern of interference (i.e., similar amounts of interference for near and far distractors). This
outcome would be consistent with the use of an environment-centered frame of reference.
In Experiment 1, we used a small target–distractor separation of 5 mm. Our goal
was to induce an environment-centered frame of reference. In Experiment 2, we ad-
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opted a larger target–distractor separation of 20 mm. Our goal here was to show a proximity-to-hand effect and thus the operation of an action-centered frame of reference. In
Experiment 3, we used a single target location and systematically manipulated target–distractor separation. Our goal in this experiment was to test the Visuomotor Processing
Hypothesis. Overall, our results provide evidence for environmental encoding of target–distractor relationships when target and distractor are close together and dominance of actioncentered coding when larger target–distractor separations are used.

EXPERIMENT 1: SMALL TARGET–DISTRACTOR SEPARATION
In Experiment 1, we examined the pattern of distractor interference in a selective reaching task involving a much smaller target–distractor separation than that typically used
by Tipper and colleagues (Meegan & Tipper, 1998, 1999; Simone & Baylis, 1997; Tipper et
al., 1992). In addition, the effect of eye position on distractor interference was assessed.
We distinguished two eye positions at the moment of stimulus presentation: (a) the
eyes-at-start condition, in which the eyes and hand departed from the same start location, and (b) the eyes-at-center condition, in which the eyes and hand departed from
different locations, the eyes starting from the center of the display.
We hypothesized that distractor interference would emerge in distinct frames of
reference depending on target–distractor separation and eye fixation. We conjectured that a small separation between target and distractor would evoke an environment-centered rather than an action-centered frame of reference. Hence, we expected
a symmetric pattern of interference as well as an effect of eye position. This latter prediction was based on the fact that target and distractor are closer to the fovea when
the center of the display is the fixation point than when the start position is the fixation point. Consequently, initial discrimination of target and distractor should be easier in the eyes-at-center condition than in the eyes-at-start condition. This should be
especially true when the task requires color discrimination for the distinction between
target and distractor (as was the case in the present task), because color is processed
in foveal vision. Hence, according to the environment-centered view, a smaller interference effect should materialize in the eyes-at-center than in the eyes-at-start condition. This prediction is in accordance with recent work by Gentilucci, Daprati,
Gangitano, and Toni (1997), who showed that fixating a target object reduces the influence of surrounding cues. In contrast, the action-centered view, with its emphasis
on the start position of the hand, predicts no effect of eye position on distractor interference.

Method
Participants. Sixteen students from Maastricht University (7 women and 9 men), with a
mean age of 22.1 years (range: 18–26), participated. In this and all further experiments,
participants were paid the equivalent of about $5, were right-handed, had normal or corrected-to-normal visual acuity, and were naive as to the purposes of the experiment.
Apparatus and Stimuli. Participants were tested individually in a quiet, dimly illuminated room. They were seated on a height-adjustable chair in front of a 43.2 -cm (17-in.)
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video monitor equipped with a touch screen. The monitor was placed in a normal, upright position, and participants made responses with the tip of the right index finger directly on the screen. Participants were positioned such that the body midline was in line
with the start box on the left side of the display and the shoulder line (i.e., an imaginary
line connecting both shoulders) was parallel to the monitor’s screen.
The stimulus display used in the experiment is schematically depicted in Figure 2.1.
The start location and target boxes were presented as squares in white outline on a black
background. The target stimulus was presented as a green square completely filling one of
the target boxes. The distractor stimulus was presented as a red square completely filling
one of the boxes directly adjacent to the target box. From the participant’s perspective, the
distractor stimulus could appear either to the left or to the right of the target stimulus.
However, we use the terms near distractor and far distractor (referring to distractors appearing to the left and to the right of the target, respectively) to describe the location of the
distractor in relation to the start position of the hand. All boxes were 10 mm wide and high.
Note, however, that in regard to defining an aiming error, the effective target width was set
at 12 mm; this was done to limit the number of errors (i.e., target misses). The five target
boxes were arranged in a horizontal array spanning 7 cm, with a distance of 5 mm between
the individual target boxes (side to side). The starting box was located 14 cm to the left of
this array (side to side). The touch screen was interfaced with an MS-DOS pentium computer that controlled stimulus presentation and recorded response times as well as response
accuracy. Temporal resolution was 5 ms, and spatial resolution was 0.1 mm.

Figure 2.1.

Schematic overview of the visual displays in the three experiments, drawn to scale.
The numbers were not actually present.

Design. Participants performed in one single session lasting about 40 min. There were
195 test trials, preceded by 25 practice trials, in each of the two Eye Position conditions.
Order of these conditions was counterbalanced. Within a block of 195 test trials, there
were 75 trials without distractors (i.e., 15 for each target) and 120 trials with distractors.
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For the distractor trials, the three middle targets (i.e., Targets 2, 3, and 4) each included
15 near and 15 far distractors, whereas the first (leftmost) target had 15 far distractors
and the last (rightmost) target had 15 near distractors. The order of distractor and nodistractor trials within a block of 195 test trials was random.
Procedure. At the beginning of each trial, the start box turned green, indicating that
the participant could move his or her fingertip to the green start box. In the eyes-atstart condition, contact with the start box caused the green light in the box to disappear
and the target stimulus (with or without distractor) to appear and remain on until the
response was completed. Participants were informed that, on each trial, a green light
would appear in one of the five target boxes and that, on some trials, a red light would
appear in a different box. They were instructed to touch the green target box as quickly
and accurately as possible while ignoring the red distractor box. If they missed the target, they were encouraged to try to do better in subsequent trials. One second after
completion of the aiming response, the start box turned green again, signaling the start
of the next trial, which the participants could initiate at will. The computer presented a
visual feedback signal if the participant failed to hit the target box or if the start box was
released too soon (i.e., within 150 ms after target presentation). These error messages
were, respectively, You missed the target! and Start box released too soon! Also, the computer generated a visual error signal if the participant failed to contact the start box accurately (Depress the start box accurately!). In that case, the trial was repeated.
In the eyes-at-center condition, participants were asked to first contact the start
box and then to move their eyes to the center target (Target 3). This shift in gaze position was prompted and facilitated by blinking of the center target three times during a
period of 1,000 ms. Then, after an additional delay of 1,000 ms, the target stimulus (with
or without distractor) was presented. We calculated two measures of response time: (a)
reaction time (RT), measured from the time when the target stimulus appeared to the
time when the start box was released, and (b) MT, measured from the time when the
start box was released to when the target box was pressed.
Analysis. RTs below 150 ms were considered anticipations and were excluded from data
analyses; this criterion resulted in the removal of 4.8 % of trials (5.3 % in the eyes-at-start
condition and 4.2 % in the eyes-at-center condition). RT, MT, and error percentages were
calculated for each participant as a function of Eye Position, Distractor Presence, and
Target Location. We performed two different kinds of analyses of variance (ANOVAs). The
first, analysis of all targets, included all data and was performed on mean RT, MT, and
error percentages; Eye Position (eyes at start vs. eyes at center), Distractor Presence (with
vs. without distractor), and Target Location (1, 2, 3, 4, or 5) were within-subject variables.
The second analysis, near versus far distractors, compared trials with near and far distractors and involved only the data from the three middle targets (i.e., Targets 2, 3, and 4),
because only these targets had both near and far distractors. This analysis was performed
on mean RT, MT, and error percentages, and Eye Position (eyes at start vs. eyes at center)
and Distractor Location (near vs. far distractor) were within-subject variables. We also examined the effect of Distractor Location (i.e., near vs. far distractor) 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 constant error (CE).
Whenever needed, we adjusted tests for heterogeneity of variance and covariances
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using Huynh–Feldt corrected significance values. We carried out post hoc analyses
using Tukey’s honestly significant difference procedure; an alpha level of .05 was used
to determine statistical significance.

Results
Analysis of All Targets
RT. There was a main effect of Eye Position, F(1, 15) = 19.80, p < .001, indicating substantially shorter mean RTs in the eyes-at-start condition than in the eyes-at-center condition
(254 vs. 320 ms, respectively). Also, there was a significant Eye Position x Distractor
Presence interaction, F(1, 15) = 4.88, p < .05, indicating a small, non-significant ( p > .32)
amount of distractor interference (3 ms) in the eyes-at-start condition and a small, nearsignificant ( p < .08) amount of distractor facilitation (5 ms) in the eyes-at-center condition.
MT. Movements tended to be faster in the eyes-at-center condition than in the eyes-atstart condition (428 ms vs. 452 ms); however, this effect was not significant, F(1, 15) =
2.33, p > .14. The significant main effect of target position, F(4, 60) = 26.77, p < .001, indicated longer MTs for longer distances, except in the case of Target 5, which showed a
shorter MT than Target 4 (Ms = 421, 434, 445, 454, and 445 ms for Targets 1, 2, 3, 4, and
5, respectively). This effect of a shorter MT to Target 5 was evident only in the eyes-atcenter condition, as indicated by a significant interaction between Eye Position and
Target Location, F(4, 60) = 6.11, p < .001 (see Figure 2.2).

Figure 2.2.

Mean movement time as a function of target position for trials with and without distractors in the
eyes-at-start (A) and eyes-at-center (B) conditions in Experiment 1.
The circled numbers indicate the amount of movement time interference.
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The main effect of Distractor Presence, F(1, 15) = 28.36, p < .001, indicated a mean
interference effect of 10 ms (Ms = 445 vs. 435 ms for the conditions with and without
distractors, respectively). However, this interference effect was qualified by an interaction with Eye Position, F(1, 15) = 10.50, p < .01, indicating less interference in the eyesat-center condition (M = 5 ms, p < .05) than in the eyes-at-start condition (M = 15 ms,
p < .001).
Errors. The overall error rate was 8.0 %. There was a main effect of Eye Position, F(1, 15)
= 6.76, p < .05, indicating fewer errors in the eyes-at-start condition than in the eyes-atcenter condition (6.3 % vs. 9.8 %, respectively). This outcome was opposite to the MT
data, which showed fastest responses in the eyes-at-center condition, suggesting the
possibility of a speed–accuracy trade-off. There was also a main effect of Target
Location, F(4, 60) = 4.42, p < .01, indicating a larger error rate for Target 5 (11.2 %) than
for the first four targets, which did not differ significantly from each other (Ms = 7.0 %,
7.8 %, 6.7 %, and 7.4 %, respectively). This outcome was consistent as well with a
speed–accuracy trade-off interpretation of the surprisingly fast responses toward Target 5.

Near Versus Far Distractors
RT, MT, and errors. All F values involving Distractor Location were non-significant (all ps
> .1), indicating that near and far distractors had no differential effects on RT, MT, and
error rate.
Movement endpoints. In the horizontal dimension, near distractors caused a spatial diversion to the right (CE = 0.19 mm), far distractors caused a strong deviation to the left
(CE = -0.67 mm), and trials without distractors caused a modest deviation to the left (CE
= -0.45 mm), F(2, 30) = 33.44, p < .001. Note that CE was measured relative to the center
of the target boxes. Thus, this pattern of results indicated that, relative to the neutral
no-distractor condition, near distractors caused a spatial bias to the right (0.64 mm) and
far distractors caused a spatial bias to the left (-0.22 mm). Moreover, the significant main
effect of Eye Position, F(1, 15) = 7.47, p < .05, indicated a stronger overall deviation to the left
(i.e., a larger undershoot) in the eyes-at-start condition than in the eyes-at-center condition
(i.e., -0.50 vs. -0.13 mm, respectively). In the vertical dimension, there were no differential biases, all conditions showing an upward bias (mean CE = 0.96 mm).

Discussion
Experiment 1 yielded three important outcomes. First, opposite to previous reports,
near and far distractors produced similar amounts of interference in the temporal domain. This pattern of symmetric interference effects argues against an action-centered
frame of reference and supports an environment-centered frame of reference in which
the relation between objects is important. Second, the spatial dispersion of the movement’s endpoints indicated that the presence of distractors caused a spatial bias away
from the distractor location (and not away from the start position of the hand); this too
supports an environment-centered frame of reference. Third, the amount of distractor
interference in movement time depended on eye position, such that the eyes-at-center
condition produced less interference than the eyes-at-start condition. Our finding of a
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modulating effect of eye position is compatible with an environment-centered frame of
reference, because perceptual discrimination between target and distractor is best
achieved with the fovea centered on the display. It is not necessarily the case that point
of fixation can interact only with allocentric and not with hand-centered frames. That is,
whereas the current work shows that target-directed reaching is affected by point of
fixation, Tipper, Howard, and Paul (2001) showed that the path of a saccade is affected
by whether a reach to the target is also produced. They interpreted this effect as reflecting cross talk between hand-centered and eye-centered frames (see also Bekkering,
Adam, van der Aarssen, Kingma, & Whiting, 1995).
In summary, the findings of Experiment 1 suggest that spatial separation between
target and distractor may be an important mediating variable of distractor interference. As
Tipper and colleagues (Meegan & Tipper, 1998, 1999; Tipper et al., 1992) have shown,
large separations evoke an action-centered framework (characterized by asymmetric interference). In contrast, the results of Experiment 1 indicate that small separations may
evoke an environment-centered framework (characterized by symmetric interference).
We tested this claim further in the next experiment by increasing the separation between
target and distractor to 20 mm in an attempt to demonstrate action-centered attention.

EXPERIMENT 2: LARGE TARGET–DISTRACTOR SEPARATION
In Experiment 2, we used a larger spatial separation between target and distractor than
in Experiment 1 (i.e., 20 mm instead of 5 mm). According to the present hypothesis, this
manipulation should induce the use of an action-centered reference system instead of
an environment-centered one. This in turn should lead to an asymmetric interference
effect (the proximity-to-hand effect) that is independent of eye position.

Method
Participants. Sixteen new students (6 women and 10 men) from the same subject pool
as in Experiment 1 participated. Mean age was 22.2 years (range: 19–25).
Materials and Apparatus. The five target boxes were arranged in a horizontal array
spanning 13 cm, with a distance of 20 mm between the individual target boxes (side to
side). The starting box was located 8 cm to the left of this array (see Figure 2.1). Otherwise,
the materials and apparatus were the same as in Experiment 1.
Design and Procedure. The design and procedure were the same as in Experiment 1.
Analysis. The Experiment 1 criterion for exclusion of trials resulted in the removal of 4.3 %
of the trials (5.3 % in the eyes-at-start condition and 3.3 % in the eyes-at-center condition).

Results
Analysis of All Targets
RT. There was a main effect of Eye Position, F(1, 15) = 10.41, p < .01, indicating, as in
Experiment 1, shorter mean RTs in the eyes-at-start condition than in the eyes-at-center
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condition (258 vs. 296 ms, respectively). Also, there was a main effect of target position,
F(4, 60) = 3.85, p < .01, indicating that RT to the first target was significantly longer than
RT to the other four targets, which did not differ significantly from each other (284, 276,
277, 275, and 275 ms for left to right targets, respectively).
MT. As in Experiment 1, movements in the eyes-at-center condition tended to be executed faster than movements in the eyes-at-start condition (450 ms vs. 470 ms), but,
again, this effect was not significant, F(1, 15) = 1.73, p > .2. The main effect of target position, F(4, 60) = 136.84, p < .001, indicated longer MTs for longer distances (Ms = 403,
433, 460, 487, and 515 ms for left to right targets, respectively). The significant Target
Position x Eye Position interaction, F(4, 60) = 3.76, p < .01, indicated that the function relating MT to Target Location (i.e., target distance) was somewhat steeper for the eyesat-start condition than for the eyes-at-center condition (see Figure 2.3).
The main effect of Distractor Presence, F(1, 15) = 7.75, p < .05, indicated a small (5 ms)
but significant amount of interference (462 vs. 457 ms for trials with and without distractors, respectively). This interference effect did not interact with Eye Position, F(1, 15) < 1.

Figure 2.3.

Mean movement time as a function of target position for trials with and without distractors in the
eyes-at-start (A) and eyes-at-center (B) conditions in Experiment 2.
The circled numbers indicate the amount of movement time interference.

Errors. The overall error rate was 10.9 %. There was a main effect of Eye Position, F(1, 15)
= 4.96, p < .05, with fewer errors for the eyes-at-start position than for the eyes-at-center
position (9.6 % and 12.1 %, respectively). The fact that the eyes-at-start condition also
tended to produce slower movements than the eyes-at-center condition suggests the
possibility of a speed–accuracy trade-off. Finally, the main effect of Target Location, F(4,
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60) = 8.41, p < .001, indicated an increasing number of errors for targets located further
away (Ms = 8.0 %, 9.6 %, 9.4 %, 11.5 %, and 15.9 %, respectively).
Near Versus Far Distractors
RT, MT, and errors. Only the ANOVA with MT as the dependent variable yielded a significant main effect of Distractor Location, F(1, 15) = 6.27, p < .05, indicating interference
for near but not for far distractors (Ms = 8 vs. 1 ms, respectively). All other F values involving Distractor Location were non-significant (all ps > .11), indicating that there was
no effect of Distractor Location on RT and error rate.
Movement endpoints. In the horizontal dimension, near distractors caused a substantial
spatial diversion to the right (CE = 0.33 mm), whereas far distractors and trials without distractors caused only minor spatial deviations (CEs = 0.07 and 0.06 mm, respectively), F(2,
30) = 2.94, p < .09. This pattern of results indicated that, relative to the neutral no-distractor
condition, near distractors tended to produce a modest spatial shift to the right (0.27 mm),
whereas far distractors caused no spatial bias. In the vertical dimension, there were no differential biases, all conditions showing an upward bias (mean CE = 0.86 mm).

Discussion
Experiment 2 involved a larger target–distractor separation than Experiment 1. Consistent
with the predictions of the action-centered view, results showed a proximity-to-hand effect
(slower responses for near than for far distractors, along with a spatial bias away from near
distractors only) that was independent of eye position. This outcome deviates markedly from
the results of Experiment 1 (symmetric interference and a modulating effect of eye position on
the amount of interference) but is consistent with results of previous studies of distractor interference (e.g., Tipper et al., 1992). Taken together, the results of Experiments 1 and 2 provide
evidence for a mediating role of target–distractor separation in distractor interference.
To substantiate this claim statistically, we performed two between-experiments analyses using MT as the dependent variable. In the first ANOVA, Distractor Presence (with vs.
without distractor), Eye Position (eyes at start vs. eyes at center), and Target Location (Target
1, 2, 3, 4, or 5) were within-subject variables, and target–distractor separation (5 vs. 20 mm)
was a between-subjects variable. This analysis revealed a Target–Distractor Separation x Eye
Position x Distractor Presence interaction, F(1, 30) = 5.64, p < .05, indicating that amount of
distractor interference was a joint function of target–distractor separation and eye position.
That is, with the small target–distractor separation there was more interference in the eyesat-start condition than in the eyes-at-center condition, whereas with the large target–distractor separation distractor interference was independent of eye position.
In the second ANOVA, Distractor Location (near vs. far distractor), Eye Position
(eyes at start vs. eyes at center), and Target Location (Target 2, 3, or 4) were within-subject variables, and target–distractor separation (5 vs. 20 mm) was a between-subjects
variable. This analysis revealed a Target–Distractor Separation x Distractor Location interaction, F(1, 30) = 7.67, p < .01, indicating symmetry and asymmetry of near and far
distractors for small and large target–distractor separations, respectively. This interaction is depicted graphically in Figure 2.4A and Figure 2.4B.
The first between-experiments analysis also revealed another important interaction: Target–Distractor Separation x Target Location, F(4, 120) = 57.88, p < .001. This in-
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teraction, graphically depicted in Figure 2.5 (left), showed a different MT pattern across
target locations in Experiment 1 (small intertarget distance) than in Experiment 2 (large
intertarget distance). Specifically, MT exhibited the usual linear relationship with movement distance for large but not for small intertarget distances, the latter showing a
small decrease in MT for Target 5 relative to Target 4.2

Figure 2.4.

Mean movement time as a function of distractor condition and eye position in Experiments 1 (A), 2 (B),
and 3 (C). In Experiment 3, the movement time values for the near and far distractor conditions were
averaged across all target-distractor distances.
Exp = experiment; Near = near distractor; No= no distractor; Far = far distractor.

Interestingly, and in contrast to our previous suggestion, this unusual finding might
not be due to a speed–accuracy trade-off phenomenon, in that the larger error rate for
Target 5 was also found in the large intertarget distance condition (see right panel of
Figure 2.5). That is, in terms of error rates, there was no interaction between intertarget
distance and Target Location, F(4, 120) = 1.28, p > .23. From this result, it appears that the
relatively short MTs for Target 5 in Experiment 1 cannot be attributed to a trade-off between speed and accuracy.
An alternative explanation focuses on the idea that the small intertarget distances
in Experiment 1 may have led to a perceptual grouping or clustering of the individual
targets. This idea is prompted by evidence showing that preattentive organizational
factors, such as those embodied in Gestalt principles, strongly mediate visual selection
processes. That is, visual attention operates on structural units or perceptual groups derived from an early, hierarchical segmentation of the visual field according to Gestalt
principles (e.g., Duncan, 1984; Logan, 1996; Yantis, 1992). This perceptual grouping ac-
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count may explain the present inverted-U function, because outer elements in a group—
the end positions—appear to have an advantage in terms of response speed (e.g., Adam,
1994; Adam et al., 1998). Note that this account is consistent with an environment-centered frame of reference highlighting the relationship of objects to each other.

Figure 2.5.

Mean movement time (A) and error percentage (B) as a function of target position and intertarget
distance.

RT was shorter in the eyes-at-start condition than in the eyes-at-center condition. This
phenomenon was present both in Experiment 2 and in Experiment 1 and therefore should
not have hampered the between-experiments comparison. It seems plausible that this phenomenon was caused by the greater temporal predictability of target onset in the eyes-atstart condition than in the eyes-at-center condition. In the eyes-at-start condition the target
appeared as soon as the start box was touched, whereas in the eyes-at-center condition an
interval of 2 s elapsed between contact with the start box and presentation of the target.
Finally, in Experiment 2 the distractors influenced MT only. This finding does not necessarily contradict the Visuomotor Processing Hypothesis—which attributes distractor interference to an early response selection stage—because the target always appeared to
the right of the start location. Thus, the initial movement direction was constant throughout the experiment, allowing target selection to occur after movement initiation.

EXPERIMENT 3: MANIPULATING TARGET–DISTRACTOR SEPARATION
The results of the first two experiments indicated that, depending on the separation between target and distractor, interference effects originate in an action- or environmentcentered framework. According to the Visuomotor Processing Hypothesis, which assumes
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an action-centered view, interference accrues in a very early stage in the response selection process (Meegan & Tipper, 1998, 1999). This notion is supported by evidence indicating that when the position of the target is known in advance, distractor interference
disappears (e.g., Jackson, Jackson, & Rosicky, 1995; Tipper, Howard, & Jackson, 1997).
According to the Visuomotor Processing Hypothesis, this occurs because advance information regarding the position of the target allows selection of the motor representation
of the target and inhibition of the motor representation of the competing distractor before observable behavior begins. Note, however, that this evidence was obtained in experiments involving large target–distractor separations (i.e., 10 and 26 cm in the Jackson
et al., 1995, and Tipper et al., 1997, studies, respectively).
The goal of the present experiment was to determine whether—and, if so, how—
small target–distractor separations would influence movements to a fixed target location.
According to the Visuomotor Processing Hypothesis, which assumes an action-centered
framework, no interference should be observed. In contrast, if small target–distractor
separations evoke environment-centered representations, substantial and symmetric
interference might be expected. This is because environment-centered representations
are assumed to play a role throughout the movement production process, that is, not
only during initial response planning and selection but also later, in the final stages, at
which homing-in processes guide the hand to the final target location. Furthermore,
gradually increasing target–distractor separation should lead to progressively weaker
effects, as it is well established that interference effects decrease with increasing target–distractor separation (e.g., Eriksen & Eriksen, 1974).
On the basis of these premises, we used only one target location in Experiment 3
and systematically varied the distance between the target and distractor. According to
the environment-centered view, near and far distractors should show similar amounts of
interference and, moreover, should show smaller interference effects for larger distances
between target and distractor. According to the Visuomotor Processing Hypothesis,
which assumes an action-centered view, there should be no interference.

Method
Participants. Eighteen new students (10 women and 8 men) from the same subject
pool as in Experiment 1 participated. Mean age was 23.1 years (range: 18–34).
Materials and Apparatus. The target was a green square (10 x 10 mm) that always appeared 12 cm to the right of the start location (side to side). The distractor was a red square
(10 x 10 mm) that could appear either to the left (near) or to the right (far) of the target at
one of 10 possible target–distractor distances (side to side): 2, 14, 26, 38, 50, 62, 74, 86, 98, or
110 mm. To constrain the degree of variability in the data, we reduced the number of target–distractor distances from 10 to 5. That is, we distinguished five new target–distractor
conditions by averaging the first two distances, the second two distances, and so forth. This
resulted in five target–distractor conditions with mean distances of 8, 32, 56, 80, and 104
mm to the target. Otherwise, the materials and apparatus were the same as in Experiment 1.
Design and Procedure. Participants performed in a single session lasting about 30
min. There were 360 test trials preceded by 25 practice trials. Within the block of 360
test trials, there were 60 trials without distractors and 300 with distractors. For each
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of the 10 possible distractor locations at both sides, there were 15 trials. Order of distractor trials and no-distractor trials was random. The eyes-at-start procedure of Experiment
1 was used. Otherwise, the design and procedure were the same as in Experiment 1.
Analysis. The Experiment 1 criterion resulted in the removal of 5.7 % of the trials.

Results
Effect of Distractor Presence
Trials with distractors resulted in significantly longer MTs than trials without distractors,
F(1, 17) = 16.89, p < .001 (Ms = 450 vs. 438 ms, respectively). However, there was no effect of Distractor Presence on RT, F(1, 17) < 1 (Ms = 262 and 262 ms, respectively), or
error rate, F(1, 17) < 1 (Ms = 2.6 % and 2.6 %, respectively).
Effect of Distractor Location
Movement Time. We submitted mean interference scores (i.e., difference scores between the control no-distractor condition and the various distractor conditions) to a
2 x 5 ANOVA with Distractor Location (near vs. far) and target–distractor distance (8,
32, 56, 80, or 104 mm) as within-subject variables. Only one significant effect materialized, namely the main effect of target–distractor distance with MT interference as
the dependent variable, F(4, 68) = 3.25, p < .05. This effect indicated that distractors
adjacent to the target interfered more than distractors further away from the target,
reflecting a gradient of interference around the target (see Figure 2.6). The F tests involving Distractor Location were non-significant ( ps > .61), indicating similar amounts
of interference for near and far distractors (see also Figure 2.4C).
Movement endpoints. We calculated mean interference scores by subtracting the
mean CE of the various distractor conditions from the mean CE of the no-distractor
trials. These interference scores were submitted to a 2 x 5 ANOVA with Distractor
Location (near vs. far) and target–distractor distance (8, 32, 56, 80, or 104 mm) as within-subject variables. In the horizontal dimension, there was a significant main effect of
Distractor Location, F(1, 17) = 5.17, p < .05, indicating that, on average, near distractors
caused a bias to the right (0.23 mm) and far distractors caused a bias to the left (-0.33
mm). The significant interaction between Distractor Location and target–distractor distance, F(4, 68) = 7.05, p < .001, followed up by simple effects tests, indicated that this
spatial repulsion effect materialized only for the smallest target–distractor separation
of 8 mm (see Figure 2.7). In the vertical dimension, there were no differential biases, all
conditions showing an upward bias (mean CE = 1.19 mm).

Discussion
Throughout the experiment, there was only one fixed target location, and participants
made 360 movements to this target with or without distractors presented at varying
distances in front of (near) or behind (far) the target. The results showed a symmetric
pattern of distractor interference. There were similar amounts of interference for distractors presented at equal distances from the target but at unequal distances from the
start position of the hand. This outcome supports an environment-centered reference
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Figure 2.6.

Mean movement time (MT) interference as a function of target-distractor separation in Experiment 3.
Negative and positive values denote near and far distractors, respectively.

Figure 2.7.

Mean constant error (CE) interference as a function of target-distractor separation for near and far
distractors in Experiment 3. Positive abscissa values denote rightward displacements, whereas
negative values denote leftward displacements.
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frame. According to the Visuomotor Processing Hypothesis, early movement selection
processes should have been minimal under the present circumstances, and hence no
interference effects were expected. The fact that strong interference effects did show
up is incompatible with the Visuomotor Processing Hypothesis.
Nevertheless, although statistically not reliable, there seemed to be a hint in the
data of a proximity-to-hand effect. That is, distractors closest to the hand’s start position
tended to show more interference than distractors at the corresponding position behind the target (see Figure 2.6). Similarly, near distractors close to the target pushed the
movement endpoints to the right (i.e., away from the distractor), whereas near distractors close to the hand (start location) appeared to push the movement endpoints to the
left (i.e., toward the distractor; see Figure 2.7). These effects might be interpreted in
terms of a proximity-to-hand effect suggesting the possibility that action-centered and
environment-centered reference frames may coexist, jointly shaping visuomotor behavior. This possibility is in line with recent evidence suggesting that target position is
coded in terms of a weighted contribution of egocentric and allocentric information
(Gangitano et al., 1998; Gentilucci, Chieffi, Daprati, Saetti, & Toni, 1996).
Finally, the results showed that distractor interference was stronger with close target–distractor spacing than with wide spacing. This outcome is compatible with the
well-established distance effects in the flanker paradigm, showing the dependence of
flanker interference on target–flanker separation (e.g., Eriksen & Eriksen, 1974; Miller,
1991). Nevertheless, the relatively large target–distractor distances of 32 and 56 mm
produced amounts of (symmetric) interference that, although substantially reduced,
were still significant. This finding might seem remarkable in light of the results of
Experiments 1 and 2 showing a transition of environment-centered to action-centered
frameworks with an increase in target–distractor separation from 5 to 20 mm. Perhaps
this outcome was related to the much smaller error rate in the present experiment (2.6
%) than in Experiments 1 and 2 (i.e., 8.0 % and 10.9 %, respectively), suggesting the possibility of an extended decelerative or homing-in phase—and thus more accurate
movements—in the present experiment relative to the first two experiments.

GENERAL DISCUSSION
In contrast to the rich and strong neurophysiological and behavioral evidence for many
different egocentric spatial coding systems (including retina-, head-, trunk-, shoulder-,
and hand-centered coding systems), the evidence for systems that code object location
with respect to the location of other objects is more limited (Woodin & Allport, 1998).
The present results provide evidence for just this latter kind of environment-centered
coding in a pointing task in which potential objects are close together (Experiment 1).
In these circumstances, near and far distractors caused symmetric interference effects,
that is, similar amounts of response slowing and a spatial repulsion effect that pushed
the movement endpoints away from the distractor location rather than away from the
start position of the hand. In contrast, Experiment 2, which involved larger separations
between the relevant objects in the display, showed an asymmetric pattern of interference effects, replicating previous reports and suggesting the use of an action-centered
frame of reference (e.g., Tipper et al., 1992).3 In addition, the inverted-U function relating
MT to target position found with the small intertarget distance in Experiment 1 devi-

Frames of Reference in Selective Reaching

35

ated markedly from the usual linear function found with the large intertarget distance
in Experiment 2. Taken together, these results establish a double dissociation between
reaching to a clustered group of objects and reaching to more widely spaced objects
and suggest a functional separation between action- and environment-centered spatial
coding systems in selective reaching.
However, one might object to this view by claiming that the present data can also
be accommodated by a simpler, single-framework account. For example, the symmetric
interference effects with small distances might also be explained in terms of an actioncentered model assuming that the effects on movement time were inversely proportional to the distance between the distractor and the start location of the hand. Given
this assumption, one would expect an asymmetric effect for large distances between
target and distractor. This is because in the far condition (i.e., when the distractor is located behind the target) the distractor is too far from the start position of the hand to
have an effect, whereas in the near condition (i.e., when the distractor is located between the starting position of the responding hand and the target) the distractor is still
close to the start position of the hand. Conversely, one would expect a symmetric effect
for small distances, because the distractor then has relatively similar distances to the
start position of the hand in the far and near conditions. Even though we agree that the
MT interference data might be interpreted in terms of such a unified action-centered
model, we believe that the spatial repulsion data are at odds with it because they show
unambiguously that the landing points were biased away from the distractor location
and not away from the initial hand position. That is, the spatial repulsion data showed a
directional effect (and not merely a range effect) that was tied to the position of the distractor rather than to the (start) position of the responding effector. This outcome, in
our view, is incompatible with a unified, action-coding account of the present results.

Spatial Repulsion Effect
Movement endpoints were biased away from the distractor’s location. This spatial repulsion
effect—first reported by Fischer and Adam (2001)—adds to previous reports showing hand
path deviations caused by the presence of distractors (e.g., Howard & Tipper, 1997).
Interestingly, however, hand paths may veer either away or toward distractors (e.g., Tipper et
al., 1997; Welsh, Elliott, & Weeks, 1999). Tipper and colleagues postulated a tentative neurophysiological model to explain hand path deviations (Howard & Tipper, 1997; Tipper,
Howard, & Houghton, 2000; Tipper et al., 1997). In essence, their model is based on the idea
of population coding in the human cortex (e.g., Georgopoulos, 1990), and path interference
effects are explained in terms of a selection process from overlapping population codes
—activated by the target and distractor—through inhibitory mechanisms. Because the final
endpoint of a movement is often closely related to its path, the population coding model
might also apply to the spatial repulsion effect.

Eye Position
Experiments 1 and 2 involved two different eye position instructions: eyes at start and
eyes at center. Because an eye tracking apparatus was not available, the experimenter
carefully monitored throughout the experiment whether the participants followed the
eye movement instructions. It appeared that all participants easily complied with these
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instructions. This was not surprising, because we implemented two procedural factors
that commanded in a natural way the desired eye movement behavior. In the eyes-atstart condition, the start box was so small (i.e., 1 x 1 cm) that eye fixation was necessary
to hit it (an error signal was generated if participants failed to do so). In the eyes-at-center condition, after the participant made contact with the start box, the center target
blinked three times during a period of 1,000 ms (followed by an additional delay of
1,000 ms before the target stimulus appeared). Because the blinking box created a series of sudden onsets—which are known to automatically attract attention—it was natural for the participants to move their eyes to the cued center box. And this is what
participants did, as checked by the experimenter and furthermore bolstered by the MT
data, which showed different functions relating MT to target position in the two Eye
Position conditions, suggesting a functional distinction between the eyes-at-start and
eyes-at-center conditions (see Figures 2.2 and 2.3).

Locus of Distractor Interference
According to the Visuomotor Processing Hypothesis, which assumes an action-centered
view, distractor interference accrues when objects are first perceived and reflects early
motor selection processes (Meegan & Tipper, 1998, 1999). Complementary to this view,
it is also possible that interference effects arise later in the movement production
process, that is, after the initial selection processes have been completed and when visual-feedback-based corrective processes are needed to guide the limb to the exact target location.
This possibility is consistent with evidence showing that accurate aiming movements typically have two components: a ballistic, distance covering phase that brings the
limb to the vicinity of the target followed by a corrective (current-control or homing-in)
phase that ensures accurate movement termination on the target through feedbackbased corrective adjustments (e.g., Meyer, Abrams, Kornblum, Wright, & Smith, 1988;
Rosenbaum, 1991). Thus, there may be at least two selection problems to solve when
one is reaching to a target that is closely flanked by a distractor: (a) determining the general location of the target and distractor and (b) distinguishing the specific location of
the target relative to the distractor. The first problem arises relatively early (i.e., during response planning) and may benefit in particular from an action-centered framework, because the critical task is to move the hand over a relatively large distance to the target
area. The second problem arises later (i.e., during response execution) and may benefit especially from an environment-centered framework, because the critical task is to terminate
the movement accurately at a specific object (i.e., hit the target and not the distractor).
Of course, this is not to say that environment-centered coding might not play a role in
the earlier stages concerned with response planning and initial response selection.
Future experimentation, examining movement kinematics and trajectories, should examine this issue.

Conclusion
In selective reaching, distractors are potential targets and, as such, can compete for control of action; this competition influences reaching movements to the actual target (e.g.,
Meegan & Tipper, 1998). The present study suggests that distractor competition may
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take place in different spatial coordinate systems, with distance between target and distractor being an important mediating variable. This conclusion accords with the hypothesis that the brain represents spatial information in multiple reference frames, with
the reference frame dominating performance being dependent on task demands.
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FOOTNOTES
1

Distractor interference effects in selective action are sometimes (e.g., Fischer & Adam,
2001; Meegan & Tipper, 1998; Pratt & Abrams, 1994), but not always (e.g., Castiello,
1996; Jackson, Jackson, & Rosicky, 1995), replicated. For a discussion of methodological
factors possibly contributing of these conflicting results, see Tipper, Howard, and
Jackson (1997).

2

Note that, on average, the movement amplitude (i.e., distance from start position to target)
was shorter in Experiment 2 than in Experiment 1. To remove this potential confound, we
conducted an additional analysis that included only those targets that had the same
distance to the start location in both experiments (i.e., Targets 1, 3, and 5 in Experiment 1
and Targets 3, 4, and 5 in Experiment 2). This analysis too yielded a highly significant
Target-Distractor Separation x Target Location interaction, F(2, 60) = 6.27, p < .01.

3

A note of caution concerns the validity of asymmetric interference as evidence for an
action-centered frame of reference in Experiment 2. Unambiguous evidence would
necessitate a manipulation of hand position followed by the demonstration that the
asymmetric interference profile is tied to the position of the hand. Tipper et al. (1992)
did find a pattern of asymmetric distractor that depended on the position of the hand,
consistent with an action-centered framework.
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Abstract

In the present experiment, the authors sought to differentiate between a distance and a grouping explanation for the symmetric versus asymmetric patterns of distractor interference in selective reaching. Participants (N=16)
pointed to a green target that appeared either with or without a red distractor.
Target-distractor separation was manipulated within an array of 5 closely
grouped stimulus boxes, and distractor interference (difference in performance
between trials with and trials without a distractor) was measured in reaction
time, movement time, percentage errors, and movement endpoints.Small distances (5 mm) between target and distractor yielded a symmetric pattern of
interference, whereas large distances (20 mm) yielded an asymmetric pattern,
with more interference from near than from far distractors.Those findings support the distance account of distractor interference and refute the grouping
account.
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INTRODUCTION
When 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; this phenomenon
is called distractor interference. According to an influential account of distractor interference in selective reaching (Tipper, Lortie & Baylis, 1992) both target 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 stimulus 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 distractor, however, then the
response associated with the distractor is activated. The motor system then requires inhibition 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 determine distractor interference is the
proximity-to-hand effect (Tipper et al., 1992), which refers to the phenomenon that a distractor located between the start position of the responding hand and the target creates a larger
amount of interference than a distractor located beyond the target. The common observation 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 to far objects and thus are more likely to cause interference.

Figure 3. 1.

Schematic overview of the stimulus displays used in Keulen at al. (2002). The S denotes the start position of the responding hand. The numbers 1 to 5 indicate the potential stimulus locations. Drawn to
scale. The numbers and the S were not actually present. A and B indicate the small separation
(Experiment 1) and large separation (Experiment 2) condition, respectively.

In a frequent explanation of the proximity-to-hand effect, it is assumed that selective attention accesses an action (or hand)-centered frame of reference. According to
that view, the amount of interference caused by a distractor is determined 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 millimeters (Meegan & Tipper, 1998,
1999; Pratt & Abrams, 1994; Tipper et al, 1992). Keulen, Adam, Fischer, Kuipers, and Jolles
(2002) investigated distractor interference for smaller target-distractor separations (i.e., 5
and 20 millimeters). Leaving from a start position, participants had to reach for a green
target that appeared in one of five potential stimulus locations (see Figure 3.1). On some
trials, a red, to-be-ignored distractor appeared at an adjacent location.
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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 ms, respectively). Furthermore, the proximity-to-hand occurred only with the
large target-distractor separation. With the small separation, the pattern of interference
was symmetric, that is, equal amounts of interference from near distractors (i.e., distractors located between the start position of the responding hand and the target) and
from far distractors (i.e., distractors located beyond the target).1 Keulen at al. suggested
the possibility of an environment-centered frame of reference to explain the symmetric
pattern of interference. In an environment-centered frame of reference, locations of objects are coded with respect to other objects in the display (Danziger, Kingstone, &
Ward, 2001; Hinton & Parsons, 1988). The possibility of an environment-centered frame
of reference was further supported 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 be
expected from an action-centered point of view. Support for the notion that the frame
of reference that predominates is dependent upon the distance between the target and
distractor was provided by the finding that small target-distractor separations appeared
to invoke an environment-centered frame of reference whereas large separations appeared to invoke an action-centered frame of reference.
Some caution seems appropriate in assigning a critical role to the distance between
target and distractor in determining the relevant frame of reference, however. Perceptual
grouping of the individual stimulus boxes might also account for the observed symmetry
effect in the small separation condition. That is, in the small separation condition, the individual stimulus boxes might have been perceived as members of a group, whereas in
the large-separation condition the five stimulus boxes might have been perceived as
separate, independent objects. This idea is based upon the Gestalt principle of proximity.
That is, objects that are near to each other, tend to unite and, as a result of this unification, to form perceptual groups. There are several lines of evidence suggesting that
grouped objects are processed differently from independent objects. First, the globalprecedence phenomenon (e.g., Navon, 1977) indicates that the processing of a visual object is global to local; global properties (i.e., low spatial frequencies, viz., the whole) are
processed first, followed by analysis of local properties (i.e., high spatial frequencies, viz.,
the constituting parts). Second, Fischer (1994) had participants bisect horizontal lines.
Each line had two letters at its ends, with the spacing between letter and line being smaller on one side then on the other. Results showed that bisection judgments were shifted
toward the side with the smaller spacing between letter and line. Apparently, the line
and the nearby letter were perceived as a whole, making the line appear longer. A third
line of evidence is that interference from distracting flankers in a letter-identification task
is stronger when target and distractor are part of the same group than when they belong
to different groups (Logan, 1996). Thus, there is evidence to suggest that perceptual
grouping can affect information processing, and, therefore, grouping might have been a
confounding factor in the Keulen at al. (2002) study.
To decide between a perceptual grouping and a distance explanation for the pattern of distractor interference in selective reaching, we conducted the present experiment. We used the same stimulus display with the small separation between the
individual stimulus boxes that was used in Experiment 1 of the Keulen et al. (2002)
study. A distractor could appear either directly adjacent to the target stimulus (i.e., one
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box to the left or to the right of the target stimulus-as in that study) or not adjacent (i.e.,
two boxes to the left or to the right of the target stimulus). In other words, we manipulated target-distractor separation within the array of closely grouped stimulus boxes. If
the symmetry effect observed with the small target-distractor separation, as reported
by Keulen et al. (2002), were caused by grouping of the stimulus boxes, one would expect symmetric interference for both small and large target-distractor separations. If,
however, the distance between target and distractor is responsible for the symmetry
versus asymmetry in interference, then one would expect small and large separations to
be associated with symmetric and asymmetric interference, respectively.

METHOD
Participants. Sixteen Maastricht University undergraduate students (8 men and 8 women)
participated in the experiment. Their mean age was 22.9 years (range = 21-26 years). All
were paid a small amount of money (i.e., the equivalent of about 4$ U.S.), were right-handed, had normal or corrected-to-normal visual acuity, and were naive as to our purposes of
the experiment.
Apparatus and stimuli. Participants were tested individually in a quiet, dimly illuminated
room. They were seated on a height-adjustable chair in front of a 43.2-cm (i.e., 17-in.)
Brilliance 107 video monitor (Philips, The Netherlands) that was equipped with an AccuTouch C
touch screen (Elo TouchSystems, Fremont, CA). The monitor was placed in a normal, upright
position, and participants made responses directly on the screen with the tip of their right
index finger. Participants were positioned such that the body midline was in line with the
start box on the left side of the display and the shoulder line was parallel to the monitor’s
screen. The stimulus display used in the experiment is schematically depicted in Figure 3.2
(A). The start location and stimulus boxes were presented as squares in white outline on a
black background and were permanently visible. The five stimulus boxes were arranged in
a horizontal array spanning 7 cm, with a distance of 5 mm between the individual stimulus
boxes (side to side). The start box was located 14 cm to the left of this array (side to side).
The target stimulus was presented as a green square completely filling one of the stimulus boxes. The distractor stimulus was presented as a red square completely filling either
a stimulus box directly adjacent to the target or a stimulus box next to an adjacent box. As a
result, target-distractor separation was either 5 mm (distractor adjacent) or 20 mm (distractor not adjacent). A distractor could appear either to the left of the target (i.e., near distractor)
or to the right of it (i.e., far distractor). In Figure 3.2 (B-F), five examples of experimental trials
(with the target appearing at the third position) are schematically depicted.
All boxes were 10 mm wide and high. Note, however, that for defining an aiming
error, we set the effective target width at 12 mm; we did so in order to limit the number
of errors (i.e., target misses). The touch screen was interfaced with an MS-DOS Pentium
computer, which controlled stimulus presentation and recorded response times and
response accuracy. Temporal resolution was 5 ms, spatial resolution 0.1 mm.
Design. Participants performed in one single session lasting about 25 min. There were
310 test trials, preceded by 25 practice trials. Within this block of 310 test trials, there
were 80 trials without distractor (that is 20 for target location 3 and 15 for each of the re-
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maining target locations) and 230 trials with distractor (15 for each target-distractor [T-D]
combination with Targets 1, 2, 4, and 5; and 20 for each T-D combination with Target 3).
The order of distractor and no-distractor trials was random. The block of test trials was
interrupted twice by a 1-min break.

Figure 3. 2.

Schematic overview of the stimulus display used in the current experiment (A), and five examples of
experimental trials (B-F). The light solid stimulus represents the target, the dark solid stimulus
the distractor. Drawn to scale. The numbers and the S were not actually present.

Procedure. At the beginning of each trial, the start box turned green, indicating that the participants could move their fingertip to the green start box. Contact with the start box caused
the green light in the start box to disappear and the target stimulus (with or without distractor) to appear immediately and to remain on until the response was completed. Participants
were informed that on each trial a green light would appear in one of the five stimulus boxes
and that on some trials a red light would appear in a different box. They were instructed to
contact the green target stimulus as quickly and accurately as possible while ignoring the red
distractor stimulus. One second after completing the aiming response, the stimulus boxes
were cleared and the start box turned green again, signaling the start of the next trial, which
the participants could initiate at will. The computer presented a visual-feedback signal if the
participant failed to hit the target box or if the start box was released too soon (that is, within
100 ms after target presentation). In addition, the computer generated a visual error signal if
the participant failed to contact the start box accurately. In that case, the trial was repeated.
We calculated two measures of response time: (a) reaction time (RT), which was
measured from the time the target stimulus appeared to the time the start box was released; and (b) movement time (MT), which was measured from the time the start box
was released to the time the target box was pressed.
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Analysis. RTs below 100 ms were considered anticipations and were excluded from
data analyses; 4.1 % of the trials were removed on the basis of that criterion (3.4 % of
the no-distractor trials and 4.4 % of the distractor trials). For the remaining trials, RT, MT,
and proportions of errors were calculated for each subject as a function of Distractor
Presence and Target Location. We performed two different kinds of analysis of variance
(ANOVA). The first analysis, called analysis of Distractor Presence, included all data and
was performed on mean RT, MT, and percentage errors, with Distractor Presence (with
vs. without distractor) and Target Location (1, 2, 3, 4, or 5) as within-participants variables.
In the second analysis, called analysis of target-distractor separation and Distractor
Location, we compared trials with near distractors-small separation, far distractors-small
separation, near distractors-large separation, and far distractors-large separation.
Following Meegan and Tipper (1998), we calculated interference scores for each participant in each of the distractor conditions in the following manner. Mean RTs, MTs, and
percentage errors were calculated for each target-distractor combination, including target-only conditions. The difference between mean RT, MT, and percentage error for each
target-distractor combination and its respective control (i.e., RT, MT, and percentage
error to the same target without a distractor) were then calculated. We calculated interference scores for each participant in each distractor condition were calculated by taking
a mean of all difference scores in a particular distractor condition; the means in each condition were pooled across several target-distractor combinations. We also examined the
effect of target-distractor separation and distractor location on the spatial endpoints of
the movements. In particular, we assessed biases in the horizontal and vertical dimension relative to the exact center of the target box in terms of the constant error (CE).
Again, interference scores were calculated following the procedure previously described.
Whenever appropriate, we adjusted the tests for heterogeneity of variance and covariances using the Huynh-Feldt corrected significance values. We carried out post hoc
analyses by performing modified t tests using the Bonferroni method to adjust the
p values. To determine statistical significance, we used an alpha level of .05.

RESULTS
Analysis of Distractor Presence
Reaction Time. All F-values were nonsignificant (all ps > .4), indicating that Target
Location and Distractor Presence had no effect on RT. Mean RT was 186 ms.
Movement Time. There was a significant main effect of Distractor Presence, F(1, 15) =
27.59, p < .001, indicating a mean interference effect of 16 ms (Ms = 429 vs. 413 ms, for
trials with and without distractor, respectively). There also was a main effect of Target
Location, F(4, 60) = 31.94, p < .001, indicating longer MTs for targets located farther
away from the start position of the responding hand (Ms = 394, 414, 421, 434, and 442
ms, for Targets 1, 2, 3, 4, and 5, respectively). The Distractor Presence x Target Location
interaction was not significant, F(4, 60) = .76, p > .5.
Percentage Error. All F-values were nonsignificant (all ps > .5), indicating that Distractor
Presence and Target Location had no effect on percentage errors. Mean error rate was 12.9 %.
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Analysis of Target-Distractor Separation and Distractor Location
Reaction Time Interference. All F-values involving the factors Target-Distractor Separation
and Distractor Location were nonsignificant (all ps > .2), indicating that those variables had no
differential effect on RT interference.
Movement Time Interference. Neither Distractor Location, F(1, 15) = .75, p > .3, nor
Target-Distractor Separation, F(1,15) = 1.95, p > .1, showed a significant main effect on
MT interference. However, there was a significant Distractor Location x Target-Distractor
Separation interaction, F(1, 15) = 10.73, p < .01. That interaction is depicted in Figure 3.3.
The interaction indicated a symmetric pattern of interference with the small TargetDistractor Separation (16 vs. 19 ms, for near and far distractors, respectively), but an
asymmetric pattern of interference with the large separation (19 vs. 9 ms, for near and
far distractors, respectively). Thus, a proximity-to-hand effect materialized, but only for
the large target-distractor separation.

Figure 3.3.

Mean movement time (MT) interference, averaged across all target positions, as a function of targetdistractor separation and Distractor Location (near vs. far). ‘Small’ and ‘Large’ indicate the small and
large target-distractor separations, respectively.

Percentage Error Interference. All F-values involving the factors Target-Distractor
Separation and Distractor Location were nonsignificant (all ps > .2), indicating no differential effects on percentage error interference.
Movement Endpoint Interference. There was a significant Distractor Location x TargetDistractor Separation interaction, F(1, 15) = 12.49, p < .005 (see Figure 3.4). The interaction
indicated that the pattern of spatial diversion was symmetric for the small Target-Distractor
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Separation (0.99 mm rightward vs. 0.70 mm leftward for near and far distractors, respectively) but asymmetric for the large separation (0.61 mm rightward vs. 0.15 mm leftward for
near and far distractors, respectively). Note that the 0.15-mm leftward bias did not differ
significantly from zero, t(15) = -1.06, p > .3. Thus, also in terms of movement endpoint, the
proximity-to-hand effect occurred only with the large Target-Distractor Separation. In the
vertical dimension, there were no differential biases; all conditions showed an upward bias
(mean CE = 0.69 mm).

Figure 3.4.

Mean constant error (CE) interference, averaged across all target positions, as a function of TargetDistractor Separation and Distractor Location (near vs. far). Negative and positive ordinate values
denote leftward and rightward biases, respectively. ‘Small’ and ‘Large’ indicate the small and large
target-distractor separations, respectively.

DISCUSSION
Keulen et al. (2002) manipulated target-distractor separation and found asymmetric interference effects (i.e., a proximity-to-hand effect) with large target-distractor separations
but symmetric interference effects with small separations. The finding of asymmetric interference replicated the results found in several previous reports (e.g., Meegan & Tipper,
1998, 1999; Tipper et al., 1992), but the finding of symmetric interference was rather new.
In the present experiment, we tested the possibility that a perceptual grouping effect of
the individual stimulus boxes might have occurred with the small but not with the large
target-distractor separation and that the grouping effect might have caused the symmetric interference with the small target-distractor separation.
In the current experiment, we manipulated target-distractor separation within an
array of five closely grouped stimulus boxes. Results showed a symmetric pattern of interference in MT with the small target-distractor separation but an asymmetric pattern
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of interference in MT with the large separation. These results replicated the findings of
Keulen at al. (2002), but now with the grouping factor held constant. That outcome support for the notion that target-distractor separation is an important mediator of the pattern of distractor interference in selective reaching.
No interference effect in RT was found in the present study. That outcome is probably related to the fact that by depressing the start position, participants immediately
called up the stimulus. That, in combination with the constant movement direction and
the absence of catch trials, allowed participants to depress the start position and then
immediately start moving in the direction of the stimulus boxes. That strategy was reflected by the relatively short RTs. Thus, in the present paradigm, RT seemed to be a
poor indicator of planning processes.
Note, moreover, that the grand mean for RT (i.e., 186 ms) was closer to what one
would expect in a simple reaction time paradigm than to what one would expect in a 5choice situation. However, RTs for reaching movements are independent of the number
of response choices (Favilla, 1996).
In the present experiment, the movement endpoints displayed a symmetric pattern of
interference with the small separation but an asymmetric pattern with the large separation.
More specifically, with the small separation, near distractors caused a bias to the right and far
distractors a bias to the left. That finding indicates that movements were biased away from
the location of the distractor. With the large separation, however, near distractors caused a
bias to the right (i.e., away from the start position of the responding hand), whereas far distractors did not cause a significant amount of bias. The finding of symmetric interference in
terms of movement endpoints with the small separation replicated a similar observation reported by Fischer and Adam (2001). They concluded that in their study, participants tended
to point to locations within the prescribed target area that maximized the distance to the
distractor. In other words, they also found a spatial bias away from the distractor.
The spatial repulsion effect is consistent with the finding reported in numerous articles that movement paths veer away from the distractor (e.g., Howard & Tipper, 1997;
Tipper, Howard, & Jackson, 1997). Veering away has been explained in different ways.
One is that both target and distractor are processed in parallel and evoke competing responses. The motor system resolves the competition by inhibition the competing internal representations of the distractor object. The path deviation is interpreted as a
reflection of that inhibition (Tipper et al., 1997). Another explanation is based on the
concept of obstacle avoidance. Obstacle avoidance can be defined as “moving around
the obstacle so as not to bring body parts closer than a preferred distance that is perceived to be safe” (Tresilian, 1998, p. 356). Veering away from the distractor, then, is
caused by the perceived obstructing effect of the distractor. In other words, obstacle
avoidance effects occur not only when the distractor actually is an obstacle but also
when a distractor is only to be perceived to be an obstacle. People attempt to maintain a
minimum distance between their limb segments and distractor objects within the workspace, thus leading to movement paths that veer away from the distractor. Because the
final endpoint of a movement is often closely related to its path, that explanation might
also apply to the spatial repulsion effect observed with the movement endpoints in the
present study.
Notwithstanding the numerous studies reporting movement paths veering away
from the distractor, there have been some reports of movement paths veering toward the
distractor (Chieffi, Gentilucci, Allport, Sasso, & Rizzolatti, 1993; Welsh, Elliott, & Weeks,
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1999). However, Welsh et al. (1999) used an indirect pointing task (moving a cursor on a
computer screen by moving a handheld mouse on a graphics tablet), and Chieffi et al. (1993)
found the veering effect toward the distractor only in a patient with a right parietal lesion. In
the present study, all participants were normal, healthy adults who performed a direct reaching movement, as were the participants in the aforementioned studies in which movement
paths were found to veer away from the distractor.
The MT and movement endpoint data suggested that small and large target-distractor separations appear to invoke an environment-centered and an action-centered
frame of reference, respectively. That observation is consistent with the idea that multiple frames of reference can be accessed when performing a reaching response. How
can that be explained?
A possible explanation is focused on the idea that the distance between target and
distractor determines whether target and distractor are perceived as a group or as separate objects. Note that that explanation is different from the grouping account mentioned in the introductory comments. That is, although the focus in the grouping
account is on the spatial organization of the individual stimulus boxes, the following explanation relates to the specific organization of target and distractor.
According to that idea, with small target-distractor separations the complex of target
and distractor is likely to be perceived as a single, large “compound” stimulus. A response
will then be directed toward this compound stimulus. When the vicinity of this stimulus is
reached, the actor has to discriminate between target and distractor in order to terminate
the movement accurately at the target. After selection of the target has taken place, a corrective movement is made toward the target. This process of selection and fine-tuning is
time-consuming and slows down reaching for the target. As the target and the distractor
are close together, the duration of the required corrective movement will not differ substantially for trials with near and far distractors. As a result, a symmetric pattern of interference is observed.
With the large separation, however, target and distractor are most likely perceived as
two separate, independent objects. It is therefore plausible that a response to heading for
the nearest stimulus is initially prepared. When a near distractor accompanies the target,
the stimulus nearest to the start position of the hand is the distractor. When approaching
that stimulus, identification takes place. When the distractor is then recognized as such,
the tendency to terminate movement at the distractor has to be actively inhibited, and
movement toward the target has to be continued. That inhibition interrupts the ongoing
response and slows down movement time toward the target. However, when a far distractor accompanies the target, the target is nearest to the start position. When identification takes place approaching the first stimulus, and the target is recognized as such, the
movement will terminate at the target. A far distractor then will not or minimally interfere
with target-directed reaching. This explains the asymmetric pattern of interference.
In sum, the present pattern of results suggests that participants were accessing different frames of reference in the small- and large-separation conditions (environment-centered
and action-centered, respectively). However, one might argue that the disappearance of the
proximity-to-hand effect in the small-separation condition does not necessarily imply 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, one might
argue that far distractors with a 5-mm target-distractor separation are included in that region, whereas far distractors with a 20-mm target-distractor separation are not included.
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That line of reasoning would also explain the symmetric and asymmetric patterns of interference in the small and large separation conditions. However, that alternative explanation cannot account for the movement endpoint data; that is, the observation that in the
small separation condition the movement endpoints veered away from the location of the
distractor and not away from the start location of the responding hand is at odds with an
action-centered account.
In conclusion, with small target-distractor separations, interference is determined by
the relationship between target and distractor (environment-centered). With large target-distractor separations, however, the relationship between target, distractor, and the
start position of the hand is critical (action-centered). In the present study, we showed
that those findings are true also when target-distractor separation is manipulated within
an array of closely grouped stimulus boxes.

FOOTNOTES
1

The movements reported by Keulen et al. (2002) study as well as the movements in the
present study were from left to right, whereas in the study of Tipper et al. (1992) movements were made either away from or toward the body.
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Abstract

In two experiments the effect of distractors on the kinematics of target-directed
reaching movements was investigated.The main objective was to determine at
what stage of the reaching response (i.e., time to peak velocity or time after
peak velocity) distractor interference occurred and how this temporal locus of
interference was affected by the separation between target and distractor.
Participants moved a pen directly on a digitizing tablet toward a green target
appearing with or without a red distractor.Distractor interference was assessed
in reaction time, time to peak velocity,time after peak velocity,and peak velocity.
In the first experiment a small target-distractor separation (5 mm) was used.
Distractor interference occurred during time after peak velocity, with similar
amounts of interference from near and far distractors. Furthermore, near distractors decreased peak velocity, whereas far distractors had no significant
effect on peak velocity. In experiment 2 a large (20 mm) target-distractor separation was used. Now, distractor interference occurred during time to peak
velocity, with near distractors tending to produce more interference than far
distractors (i.e., a proximity-to-hand effect). Again, near distractors decreased
peak velocity, whereas far distractors had no effect on peak velocity. Taken altogether, these results provide evidence for the notion that target-distractor separation is an important determinant of the temporal locus of distractor
interference.
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INTRODUCTION
Human behavior is characterized by a high degree of selectivity. Imagine a person reaching for a specific glass of beer from a table containing many glasses. All glasses evoke a
similar action (i.e., reaching for it), but nevertheless one does not end up reaching for all of
the glasses. How is this accomplished? This problem can be solved by means of selectivity;
the mind selects one from the multitude of perceptual inputs and acts upon it (Tipper,
Howard, & Houghton, 1998; Tipper, Lortie, & Baylis, 1992).
Although selectivity enables us to properly deal with the enormous amounts of perceptual inputs, it does not follow that our actions are unaffected by the mere presence of
irrelevant inputs. The concept of selectivity, as illustrated by the aforementioned real life
example, has been studied extensively in various experimental set-ups, and it has been
shown that the presence of a distracting (i.e., irrelevant) stimulus can affect the response
to the desired target (i.e., relevant) stimulus.
Tipper et al. (1992) studied the concept of selectivity in a selective reaching task.
Selective reaching requires reaching directly toward an object while ignoring other objects
in the scene. In Tipper et al.’s selective reaching task a board containing a set of buttons
was placed on a table in front of the participant. Participants were required to depress the
button with the red light adjacent to it and to ignore a simultaneously presented yellow
light near another button. Response times were found to be lengthened by the presence of
a distractor (yellow) light; this was called distractor interference. Moreover, near distractors
(i.e., distractors located between the starting position of the hand and the target) appeared
to cause more interference than far distractors (i.e., distractors located behind the target).
This asymmetric pattern of interference is called the proximity-to-hand effect. The finding
of interference being tied to the start position of the responding hand was replicated
when turning the stimulus board around so that the start button was located at the top of
the board. Tipper et al. (1992) interpreted their findings as providing evidence for an action-centered account of selective attention. That is, attention accesses an action-centered
frame of reference when actions are aimed directly at objects whose position is defined relative to the responding effector. Within an action-centered frame of reference, objects in the
environment are coded relative to the starting position of the effector, because the primary
task is to move the effector toward the target.
Meegan and Tipper (1999) postulated the Visuomotor Processing Hypothesis to explain the proximity-to-hand effect. Following this hypothesis, interference is assumed to
be the result of visuomotor competition from distractors. The faster a movement can be
made to a location, the greater the interference caused by a distractor at that location.
This is so because the efficiency of visuomotor processing (i.e., response planning and
execution) depends on the location of the stimulus. More specifically, near locations appear to have a visuomotor processing advantage relative to far distractors. As a result, the
advancement of the visuomotor representation of the distractor is greater for near compared to far distractors, thus resulting in more competition (= more interference).
Replicating Tipper et al. (1992), Keulen, Adam, Fischer, Kuipers, and Jolles (2002)
also found a proximity-to-hand effect, but only with large (i.e., 20 mm) target-distractor
separations. With small (i.e., 5 mm) separations near and far distractors caused similar
amounts of interference. Keulen et al. (2002) interpreted these latter findings as evidence for the involvement of multiple frames of reference in selective reaching. With
large target-distractor separations an action-centered frame of reference dominates
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performance, whereas with small separations an environment-centered frame of reference dominates. In an environment-centered frame of reference locations of objects are
coded relative to other objects in the environment.
Keulen et al. (2002) argued that the selection problem to be solved when reaching
for a target that is accompanied by a distractor depends upon the spatial relationship between target and distractor. When target and distractor are close together, there might
be two selection problems to solve. One is to determine the general location of the target-distractor area. This problem arises relatively early (i.e., during response planning),
and may benefit from an action-centered frame of reference, because the critical task is to
move the hand to the vicinity of the target. The second selection problem then is to distinguish the exact location of the target relative to the distractor. This particular problem
arises later, that is, during response execution when the hand approaches the target-distractor area. Solving this second problem will likely benefit from an environment-centered frame
of reference, because the critical task now is to terminate the movement at the target (rather
than at the distractor).
On the other hand, when there is a relatively large separation between target and distractor, the selection problem concerns determining the spatial location of the target. This
problem needs to be solved in an early (i.e., planning) stage in order to prevent programming an incorrect response (i.e., a movement to the distractor instead of to the target). Hence, according to this view the temporal locus of distractor interference might
critically depend on target-distractor separation, and thus occur both early and late (in
case of small target-distractor separations) or only early (in case of large target-distractor separations).
The aim of the present study was to test the hypothesis that target-distractor separation in a selective reaching task might determine the temporal locus of distractor interference. In experiment 1 we used a small (i.e., 5 mm) target-distractor separation. The
hypothesis we sought to test predicted both ‘early’ (i.e., action-centered) and ‘late’ (i.e., environment-centered) interference, because of the two selection problems to be solved in
close temporal proximity. Early interference might affect the pre-planned portion of the
response (i.e., time to peak velocity and/or peak velocity), whereas late interference might
affect the feedback-controlled portion of the response (i.e., time after peak velocity). In experiment 2 we used a large (i.e., 20 mm) distance between target and distractor. Now only
‘early’ (i.e., action-centered) interference was to be expected, affecting time to peak velocity and/or peak velocity. The later part of the response should then be free of interference
effects because these had been resolved during the early part of the response.
Although the aim was to investigate how distractors might affect movement kinematics, response preparation too might be expected to be influenced by a distracting
stimulus. That is, several researchers (e.g., Pratt & Abrams, 1994, Meegan & Tipper, 1998)
have found that distractor interference and, more specifically, the proximity-to-hand effect
occurred in both reaction time and movement time. In the present experimental setup the
initial movement direction was constant (i.e., all movements were left-to-right movements), allowing target selection to occur after movement initiation (see also Keulen et al.,
2002). Interference is therefore likely to accrue during response execution, thus explaining
our special interest in the kinematics of the aiming response. Nonetheless, for the sake of
completeness we also assessed distractor effects in reaction time.
Before proceeding to the experiments, a methodological point is in order. Participants
can adopt different control modes in order to minimize total movement times when reach-
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ing for a target (Meyer, Abrams, Kornblum, Wright & Smith, 1988). One is to produce a highvelocity initial impulse. Such an initial impulse will be short in duration, but will frequently result in missing the target region. As a result, total movement time will increase due to the
need for error correction. Another option is to generate initial impulses with low velocities,
so that they are more accurate. However, this again results in long total movement times.
Thus, optimizing performance requires an ideal compromise between initial impulse duration and error correction duration (Khan, Franks, & Goodman, 1998; Meyer et al., 1988). In
order to prevent the results from being a joint function of various control modes, we decided to differentiate between trials with and without discrete movement modifications.
Preliminary data-analyses indicated that discrete movement modifications occurred only on
a relatively small percentage of all trials (i.e., 18.2 % and 14.3 %, respectively, in Experiments
1 and 2); hence we chose to focus on trials that did not have discrete modifications.

EXPERIMENT 1: SMALL TARGET-DISTRACTOR SEPARATION
In this experiment we examined the effect of a distractor on the kinematics of target-directed
reaching movements while employing a small (i.e., 5 mm) target-distractor separation. The
primary goal was to determine how key kinematic variables like time to peak velocity, peak
velocity, and time after peak velocity were influenced by the presence of (near and far) distractors. If, as outlined in the introduction, the use of small target-distractor separations
poses two selection problems (one early and one late), interference is expected to occur in
time to peak velocity and/or peak velocity (i.e., early) and in time after peak velocity (i.e., late).
In addition, RT was inspected for interference effects to replicate previous work.

Method
Participants. Sixteen students from Maastricht University, 9 female and 7 male, with a
mean age of 21.1 years (range 18-24) participated. In this, and all further experiments,
they were paid the equivalent of about 4 US$, were right-handed, had normal or corrected-to-normal visual acuity, and were naive as to the purposes of the experiment.
Apparatus and stimuli. Participants were tested individually in a quiet, dimly illuminated
room. They were seated on a height-adjustable chair in front of a PL-400 V1.3-4 digitizing
tablet (Wacom) that was equipped with an embedded LCD-screen (screen diagonal was
14”). The far end of the tablet was raised to an angle of 20° and participants made responses with a handheld PL400 pen (Wacom) directly on the screen. Participants were positioned such that the body midline was in line with the start box on the left side of the
tablet. The stimulus display used in the experiment is schematically depicted in Figure 4.1A.
The start box and the stimulus boxes were presented as squares in black outline on a white
background. A circle ( Ø 1.5 mm) was located at the center of the start box. The target
stimulus was presented as a green square completely filling one of the stimulus boxes. The
distractor stimulus was presented as a red square completely filling one of the boxes directly adjacent to the target box. From the participant’s perspective, the distractor stimulus
could appear either to the left or to the right of the target stimulus. However, we use the
terms near distractor and far distractor to refer to distractors appearing to the left and to
the right of the target, respectively, to describe where the distractor is in relation to the
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start position of the hand. All boxes were 10 mm wide and high. Note, however, that for
defining an aiming error the effective target width was set at 12 mm; this was done in
order to limit the number of errors (i.e., target misses). The five stimulus boxes were
arranged in a horizontal array spanning 7 cm, with a distance of 5 mm between the individual stimulus boxes (side-to-side). The starting box was located 14 cm to the left of
this array (side-to-side).

Figure 4.1.

Schematic overview of the stimulus displays used in the present study. The square with the circle inside
denotes the start position of the pen. The numbers 1 to 5 indicate the potential stimulus locations.
Drawn to scale. The numbers were not actually present. A and B indicate the small-separation
(Experiment 1) and the large-separation (Experiment 2) conditions, respectively.

The digitizing tablet was interfaced with an MS-DOS Pentium II computer equipped
with a Matrox Millennium G400 DualHead Max graphical card. The OASIS 833 software
package (Kikosoft) controlled stimulus presentation and recorded the spatial, temporal,
and kinematic data. Temporal resolution was 5 ms and spatial resolution 0.5 mm.
Design. Participants performed in one single session lasting about 20 min. There were 195
test trials, preceded by 25 practice trials. Within a block of 195 test trials, there were 75 trials
without distractor (that is 15 for each target) and 120 trials with distractor. For the distractor
trials, targets 2, 3, and 4 (as labeled in Figure 4.1A) each had 15 trials with a Near Distractor
and 15 trials with a Far Distractor, while target 1 only had 15 trials with a Far Distractor, and
target 5 only had 15 trials with a Near Distractor. The order of distractor and no-distractor
trials within a block of 195 test trials was random.
Procedure. Participants were informed that on each trial a green light would appear in
one of the 5 stimulus boxes and that on some trials a red light would appear in a different box. At the beginning of each trial, the participant was required to place the pen tip
in the start box circle and keep it there until the target stimulus appeared. After 5 ms of
keeping the pen tip stationary at the start position, the target stimulus (with or without
distractor) appeared and remained on until the response was completed. Participants
were instructed to move the pen as quickly and accurately as possible toward the green
target box and stop there, while ignoring the red distractor box. 500 ms after the completion of the response, the stimulus boxes were cleared, signaling the start of the next
trial, which the participants could initiate at will. To ensure accurate placing of the pen,
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participants were instructed to visually fixate the start position until stimulus presentation took place. While moving, the pen had to be kept on the tablet. If participants
missed the target, they were encouraged to try to do better in subsequent trials. The
computer presented a visual feedback signal if the participant failed to hit the stimulus
box (“You missed the target!”) or if the pen was released from the tablet before completion of the response (“Keep the pen on the tablet!”). These erroneous trials were not repeated.
Movement Analysis. In order to differentiate between trials with and without discrete
error corrections we used a method that was based on the movement-parsing algorithm developed by Meyer et al. (1988). We were particularly interested in error corrections that are characterized by a speedup after a prior slowing down; typically, this type
of correction reflects a discrete secondary movement. 1 Trials in which such a correction
was identified were removed from further analyses. This resulted in the removal of 18.2 %
of all trials.
We calculated three temporal measures: (1) reaction time (RT), measured from the
time when the target stimulus appeared to the time when the movement was initiated;
(2) time to peak velocity (TTPV), measured from the time when the movement was initiated to peak velocity; and (3) time after peak velocity (TAPV), measured from peak velocity to the time the movement was terminated. Furthermore, we calculated Peak
Velocity (PV), and Percentage Errors (%Errors). Percentage Errors referred to the percentage of trials in which the target was missed.
Statistical Analysis. RTs below 150 ms were considered anticipations and were excluded
from data analyses. Furthermore, RTs and MTs over 1000 ms and MTs below 150 ms were
considered outliers and were also excluded from further analysis. 3.0% of the trials were removed using these criteria (3.3% in the No-Distractor and 2.8% in the Distractor condition).
For each of the variables listed in the Movement Analysis section we calculated
means for each subject as a function of Distractor Presence and Target Location. We
performed two different kinds of analyses of variance (ANOVA). The first analysis, called
Analysis of Distractor Presence, included all data and was performed on the means of all
the variables listed before with Distractor Presence (with vs. without distractor), and
Target Location (1, 2, 3, 4, or 5) as within-subject variables.
In the second analysis, called Analysis of Distractor Location, we compared trials
with near and far distractors. Following Meegan and Tipper (1998) we calculated interference scores for each participant in each of the distractor conditions (i.e., near and far)
in the following manner. Mean RTs, TTPVs, TAPVs, PVs, and %Errors were calculated for
all distractor and target-only conditions. The differences between mean RT, TTPV, TAPV,
PV, and %Errors for each target-distractor combination and its respective control (i.e.,
RT, TTPV, TAPV, PV, and %Errors for the same target without a distractor) were then calculated. We calculated interference scores for each participant in each distractor condition (i.e., near and far) by taking a mean of all difference scores in a particular distractor
condition.
Whenever needed, the tests were adjusted for heterogeneity of variance and covariance using the Huynh-Feldt corrected significance values. Post-hoc analyses were
carried out using Tukey’s honestly significant (hsd) procedure; an alpha level of .05 was
employed to determine statistical significance.
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Results
Analysis of Distractor Presence
Reaction Time. The Distractor Presence main effect was near-significant, F(1, 15) = 4.26,
p = .057, indicating a tendency for longer RTs in the no distractor condition than in the
distractor condition (321 vs. 313 ms, respectively). All F-values involving the factor
Target Location were non-significant (all ps > .2).
Time To Peak Velocity. There was a significant main effect of Target Location, F(4, 60) =
14.79, p < .001, indicating longer TTPVs for targets located further away (Ms = 213, 224,
228, 232, and 244 ms for targets 1, 2, 3, 4, and 5, respectively). Note that TTPV did not
differ significantly between targets 2 and 3 (p > .3) and targets 3 and 4 (p > .2). Neither
the Distractor Presence main effect nor the Target Location x Distractor Presence interaction were significant (all ps > .4), indicating that Distractor Presence had no effect on
the time to peak velocity. Mean time to peak velocity was 228 ms (see also Figure
4.2A).
Time After Peak Velocity. The significant Target Location main effect, F(4, 60) = 9.05, p <
.001, indicated longer TAPVs for targets located further away (Ms = 235, 246, 251, 262, and
261 ms for targets 1, 2, 3, 4, and 5, respectively). The Distractor Presence main effect was
also significant F(1, 15) = 7.53, p < .05, indicating a 9 ms interference effect (Ms = 256 and
247 ms, respectively, for trials with and without distractor; see also Figure 4.2A). The Target
Location x Distractor Presence interaction was non-significant, F(4, 60) = 1.94, p > .1.

Figure 4.2.

Mean time to peak velocity (TTPV) and time after peak velocity (TAPV), averaged across all target positions, as a function of Distractor Presence. The * indicates significance at the .05 level. The error bars
indicate the standard errors. A and B depict the results for the small-separation (Experiment 1) and the
large-separation (Experiment 2) conditions, respectively.
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Peak Velocity. Target Location significantly affected the maximum movement velocity attained during the response, F(4, 60) = 108.75, p < .001. Targets located further away were
associated with higher PVs (Ms = 66.9, 71.7, 76.2, 80.0, and 83.8 cm/s for targets 1, 2, 3, 4,
and 5, respectively). The Distractor Presence main effect and the Distractor Presence x
Target Location interaction were not significant (all ps > .4).
Error Percentage. All F-values regarding Target Location and Distractor Presence were
non-significant (all ps > .2). Overall error rate was 4.4%.

Analysis of Distractor Location
Reaction Time, Time To Peak Velocity, Time After Peak Velocity, and Percentage Errors.
All F-values regarding Distractor Location were non-significant (all ps > .4), indicating
that near and far distractors did not differentially interfere with these dependent measures.
Peak Velocity. Near and far distractors differentially affected the maximum movement
velocity attained during the response, F(1, 15) = 6.37, p < .05. That is, whereas near distractors significantly decreased peak velocity (t(15) = -1.922, p < .05; M = -0.9 cm/s), far
distractors did not significantly affect peak velocity (t(15) = .926, p > .3).

Discussion
Keulen et al. (2002) found that with small (i.e., 5 mm) target-distractor separations distractor interference occurred in movement time and, moreover that the amount of interference was similar for near and far distractors. The present experiment replicated
these findings, and, moreover, showed that the interference effect was located in the
time after peak velocity. These outcomes are consistent with the hypothesis that with
small target-distractor separations ‘homing in’ on the target is co-ordinated within an
environment-centered frame of reference.
In addition, the results showed that near and far distractors differentially affected
peak velocity. That is, near distractors decreased peak velocity, whereas far distractors had
no effect on peak velocity. These findings are consistent with the idea that initially a response will be prepared heading for the stimulus that is closest to the start position of the
responding effector (Keulen et al., 2003). In case of a near distractor the nearest stimulus is
the distractor (which is closer to the start position of the hand than the target). As smaller
movement amplitudes are associated with lower peak velocities (for similar findings see,
e.g., Jeannerod & Prablanc, 1983; Kudoh, Hattori, Numata, & Maruyama, 1997), this explains why near distractors lower peak velocity (relative to the target-only situation).
However, in case of a far distractor the nearest stimulus in fact is the target. As a result,
peak velocity in the far distractor situation will not or minimally differ from the target-only
situation. The observation that near and far distractors differentially affected peak velocity
is consistent with the hypothesis that with small target-distractor separations distractor interference might also occur in the pre-planned portion of the reaching response (i.e.,
early), and that this ‘early’ interference is action-centered in nature. In sum, the present results corroborate the idea that small target-distractor separations might evoke two selection problems, one early and one late.
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Results showed that the simultaneous presentation of target and distractor tended
to shorten reaction times. This finding has been reported before (Fischer & Adam, 2001)
and might be related to the fact that large stimulus ensembles (i.e., target plus distractor)
contain more (stimulus) energy, thereby facilitating reaction times (Nickerson, 1973). The
basic idea here is that stimulus energies combine in some way such that presenting an accessory stimulus along with the primary one is effectively equivalent to increasing the intensity of the latter.

EXPERIMENT 2: LARGE TARGET-DISTRACTOR SEPARATION
In this experiment we again examined the effect of a distractor on movement kinematics. This time we used a large (i.e., 20 mm) target-distractor separation. If the use of large
target-distractor separations poses a single (early) selection problem, interference is expected to occur only in time to peak velocity and/or peak velocity.

Method
Participants. 22 new students from Maastricht University, 13 female and 9 male, with a
mean age of 21.8 years (range 18-28) participated.
Apparatus and stimuli. Apparatus and stimuli were identical to those used in Experiment
1, except for the spatial relationship between the start box and the stimulus boxes. In the
present experiment, the five stimulus boxes were arranged in a horizontal array spanning
13 cm, with a distance of 20 mm between the individual stimulus boxes (side-to-side). The
starting box was located 8 cm to the left of this array (side-to-side; see also Figure 4.1B).
Design. Design was identical to the design employed in Experiment 1.
Procedure. Procedure was the same as in Experiments 1.
Movement Analysis. The movement-parsing algorithm introduced in Experiment 1 was
used. On average, 14.3 % of all trials contained a discrete movement modification. These
trials were removed from further data analyses.
Statistical Analysis. 2.8% of the trials were removed using the Experiment 1 criteria for
exclusion of trials (2.2% in the No-Distractor and 3.3% in the Distractor condition).

Results
Analysis of Distractor Presence
Reaction Time. There was a main effect of Distractor Presence, F(1, 21) = 74.16, p < .001,
indicating reliably longer RTs in the no distractor condition than in the distractor condition (309 vs. 291 ms, respectively). There also was a significant Target Location main effect, F(4, 84) = 3.82, p < .05, as well as a significant Distractor Presence x Target Location
interaction, F(4, 84) = 4.60, p < .01. This indicated that RTs were longest for Target 1
when there was no distractor present.
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Time To Peak Velocity. There was a significant main effect of Target Location, F(4, 84) =
226.61, p < .001, indicating longer TTPVs for targets located further away (Ms = 193, 211,
235, 246, and 258 ms for targets 1, 2, 3, 4, and 5, respectively). The Distractor Presence
main effect was also significant, F(1, 21) = 6.47, p < .05, indicating longer TTPVs in the presence of a distractor (226 vs. 230 ms, respectively, for trials without and with a distractor;
see Figure 4.2B). The Distractor Presence x Target Location interaction was non-significant
(F(4, 84) = 1.79, p > .1).
Time After Peak Velocity. The significant Target Location main effect, F(4, 84) = 51.93,
p < .001, indicated longer TAPVs for targets located further away (Ms = 219, 239, 256,
276, and 316 ms for targets 1, 2, 3, 4, and 5, respectively). All F-values involving Distractor
Presence were non-significant (all ps > .5), indicating that the presence of a distractor did
not affect time after peak velocity (see also Figure 4.2B).
Peak Velocity. Target Location significantly affected the maximum movement velocity
attained during the response, F(4, 84) = 310.86, p < .001. Targets located further away
were associated with higher PVs (Ms = 43.8, 52.9, 60.7, 69.2, and 74.9 cm/s for targets 1,
2, 3, 4, and 5, respectively). The Distractor Presence main effect was also significant, F(1,
21) = 11.46, p < .005, indicating that the presence of a distractor lowered PV (Ms = 60.8
and 59.8 cm/s, respectively, for trials without and with a distractor).
Error Percentage. There was a significant Target Location main effect, F(4, 84) = 3.83,
p < .001, indicating more errors when responding to target 4 (Ms = 4.2%, 4.0%, 4.6%, 7.7%,
and 6.4%, respectively, for targets 1, 2, 3, 4, and 5). All F-values regarding Distractor
Presence were non-significant (all ps > .6). Overall error rate was 5.4%.

Analysis of Distractor Location
Reaction Time, Time After Peak Velocity, and Percentage Errors. All F-values regarding
Distractor Location were non-significant (all ps > .6), indicating that near and far distractors did not differentially interfere with these measures.
Time To Peak Velocity. There was a near-significant Distractor Location main effect, F(1,
21) = 3.71, p = .068. This refers to the tendency for more time to peak velocity interference with near compared to far distractors (Ms = 5 and 2 ms, respectively, for near and
far distractors).
Peak Velocity. Near and far distractors differentially affected the maximum movement
velocity attained during the response, F(1, 21) = 7.46, p < .05. That is, whereas near distractors caused a robust decrease in peak velocity, far distractors did not seem to affect
peak velocity (Ms = -1.7 cm/s and –0.1 cm/s, respectively).

Discussion
With the large target-distractor separation, interference occurred only in the time to
peak velocity, not in the time after peak velocity. Moreover, there was a tendency for a
proximity-to-hand effect in time to peak velocity, with near distractors tending to pro-
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duce more interference than far distractors. Additionally, near distractors lowered peak
velocity, whereas far distractors had no effect on peak velocity, which was also the case
in the previous experiment.
The time to peak velocity and peak velocity data are in line with the hypothesis that
with large target-distractor separations interference occurs in the pre-planned portion of
the response, with the pattern of interference being action-centered (Tipper et al., 1992).
The present observation that time to peak velocity and peak velocity (i.e., the preplanned components of the response) showed a proximity-to-hand effect supports the
Visuomotor Processing Hypothesis, proposed by Meegan and Tipper (1999). The Visuomotor
Processing Hypothesis suggests that the faster a reaching movement can be made to a location, the more interference a distractor at that particular location will produce. The reason for this is that the efficiency of visuomotor processing (i.e., response planning and
execution) depends on the location of the stimulus. More specifically, near locations appear to have a visuomotor processing advantage relative to far distractors, thus explaining the occurrence of a proximity-to-hand effect (Meegan & Tipper, 1998).

GENERAL DISCUSSION
In the present study we investigated distractor interference with both small (5 mm) and
large (20 mm) target-distractor separations, and separated response time into reaction
time, time to peak velocity and time after peak velocity. With the small target-distractor
separation in Experiment 1, we observed distractor effects in the early and later portions
of the movement. That is, near distractors decreased peak velocity whereas far distractors
had no significant effect on peak velocity; this suggests an early locus of distractor interference. In addition, distractors prolonged the time after peak velocity, indicating a later
locus of interference. Moreover, this interference effect was symmetric (i.e., similar for near
and far distractors), suggesting the use of an environment-centered frame of reference.
With the large target-distractor separation in Experiment 2, on the other hand, distractor
interference occurred in the time to peak velocity and, moreover, showed a proximity-tohand effect. Again, near distractors decreased peak velocity whereas far distractors did not
affect peak velocity. The proximity-to-hand effects in both time to peak velocity and peak
velocity suggest the predominance of an action-centered frame of reference in the control of the pre-planned portion of the response.
The present results suggest that target-distractor separation is an important determinant
of the temporal locus of interference in selective reaching. To substantiate this claim statistically,
we performed a between-experiment analysis of variance, using TTPV and TAPV as dependent
variables. In this analysis, distractor presence (without vs. with distractor) served as within-subject variable, and target-distractor separation as between-subjects variable. For both TTPV and
TAPV, the distractor presence x target-distractor separation interaction was significant (F(1, 36)
= 5.52, p < .05 and F(1, 36) = 4.18, p < .05, respectively) thereby bolstering the claim that distractor interference was different for the small and large target-distractor separations.
Pratt and Abrams (1994) also partitioned movement time into time to peak velocity
and time after peak velocity. In their study, participants were required to move a handle
such that a cursor on a screen moved toward a target. The target was on some occasions
accompanied by a distractor (target-distractor separation was 30 mm). Results showed that
time after peak velocity was longer for trials with near compared to trials with far distractors
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(i.e., a proximity-to-hand effect). There was no difference in time to peak velocity as a function of distractor location. Pratt and Abrams’ (1994) results are not consistent with our findings. That is, whereas Pratt and Abrams (1994) found action-centered interference in time
after peak velocity, we found action-centered interference in time to peak velocity. The exact
cause of this inconsistency remains unclear, but methodological differences might have
contributed to it. For example, Pratt and Abrams (1994) used an indirect pointing task
where handle rotations below a display were mapped onto cursor movements on the
display. Moreover, they did not differentiate between trials with and without discrete
movement modifications. This may be an important distinction, as we explain later on.
In Experiment 1 all stimulus locations were within an array of 7 cm, indicating that
the combined target-distractor location did not change much with every possible target-distractor combination. As a consequence, participants may have adopted a strategy of consistently programming an “averaged” response, which then was corrected
online, resulting in symmetric interference effects. However, in an explicit test of this hypothesis (Keulen et al., 2003) we observed results at variance with this hypothesis. That
is, we manipulated target-distractor separation within the 7 cm array of stimulus boxes
of experiment 1. Thus, for both the small and the large target-distractor condition the
“general” target-distractor location remained relatively stable. The results showed that
interference was environment-centered with the small target-distractor separation.
However, with the large separation the distractor interfered in an action-centered manner. These results reject the strategy account of the results of Experiment 1.
With both the small (Experiment 1) and the large target-distractor separation (Experiment
2) we observed that distractors facilitated RTs. That is, RTs were shorter in the presence of a distractor compared to when the target was presented alone. However, this facilitatory effect
appeared to be larger with the large than with the small target-distractor separation (i.e.,
18 vs. 8 ms, respectively). Indeed, a between-experiment analysis using RT as dependent
variable, distractor presence (without vs. with distractor) and target location (1, 2, 3, 4, and
5) as independent variables, and target-distractor separation (small vs. large) as betweensubjects variable yielded a significant target-distractor separation x distractor presence interaction, F(1, 36) = 5.545, p < .05, indicating more facilitation with the large than with
the small target-distractor separation. An explanation for the smaller facilitation effect
with the small target-distractor separation is provided by the significant target-distractor separation x distractor presence x target location interaction, F(4, 144) = 4.067,
p < .01. This interaction indicated that the larger facilitation effect with the large targetdistractor separation was most probably due to the relatively large amount of RT facilitation occurring when the target was presented at the location closest to the start
position of the hand (Ms = 40, 10, 3, 18, and 19 ms, respectively, for target locations 1, 2,
3, 4, and 5). Importantly, this 40 ms facilitation effect was the result of a relatively long
RT for target location 1 in the no-distractor condition. To test whether this can account
for the difference in facilitation between the small and the large target-distractor separation, we performed an additional between-experiments leaving out the trials in which
the target was presented at location 1. Now, both the target-distractor separation x distractor presence interaction ánd the target-distractor separation x distractor presence x
target location interaction were non-significant (all ps > .5), indicating that the amount
of facilitation was similar for the small and the large target-distractor separation (Ms =
12 vs. 13 ms, respectively). It might have been the case that in the large target-distractor
separation condition the participant’s hand obscured the target location closest to the
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hand, thus hampering detectability of a stimulus appearing at that location and, as a result, increasing RT for that location.
Currently there are several accounts of distractor effects on kinematic measures
such as movement trajectory and peak velocity. One account has been proposed by
Tresilian (1998) and has been referred to as the obstacle account. According to the obstacle account people maintain a minimum distance between their limb segments and
nontarget objects within the workspace; consequently, they slow down, because a reduced speed helps to ensure that the obstacle is not contacted. This account suggests
that distractor effects are the result of an avoidance strategy. On the other hand, Tipper
and colleagues (Howard & Tipper, 1997; Tipper, Howard, & Jackson, 1997) observed that
movement trajectories appear to deviate away from nontarget objects even when these
were no direct obstacles. This led them to conclude that kinematic distractor effects are
the result of an inability to effectively ignore the nontarget. More specifically, it is assumed that both target and nontarget are processed in parallel and evoke competing
responses. As a result, a response is activated that contains both target and nontarget
components. If this interfering activation is not inhibited the trajectory of the moving
hand will deviate toward the distractor location. The strength of the interfering activation depends upon the location of the nontarget. That is, objects located between the
hand and the target produce stronger interfering activation than nontargets beyond
the target. Thus, distractors close to the start position of the responding hand will be associated with larger deviations toward the distractor location than distractors beyond
the target, if not inhibited. The present results do not support the obstacle account. For
one thing, the distractors were no real physical obstacles. Moreover, according to the
obstacle avoidance account, participants slow down when approaching the distractor.
This would imply that for both the small and the large target-distractor separation the
time spent after peak velocity would be longer with the near compared to the far distractor, and this was clearly not the case. On the other hand, the peak velocity data appear to support the parallel processing account proposed by Tipper et al. (1997). That is,
near distractors lowered peak velocity, whereas far distractors had no significant effect
on peak velocity. It thus appears that in case of a near distractor the response toward
the target contains distractor components, because a movement towards the distractor
location is associated with a lower peak velocity than a movement towards the target
location. The observation that a far distractor has no significant effect on peak velocity
indicates that distractors beyond the target produce less or no interference.
As mentioned in the Introduction, the relatively small percentage of trials containing a discrete movement modification led us to exclude these particular trials from
analyses. At this point we would like to provide some insight into the kinematics of
these trials. We therefore calculated mean reaction time, time to peak velocity, peak velocity, and time after peak velocity for both trials with and without discrete movement
modifications.2 Results showed that trials with and without discrete movement modifications appeared to differ mainly with regard to the magnitude of peak velocity and the
duration of the time after peak velocity. As expected, the time after peak velocity was
substantially longer in the presence of movement modifications (Ms = 367 ms and 233
ms, respectively, for trials with and without discrete movement modifications, averaged
across experiments 1 and 2). Furthermore, peak velocity was higher for trials with movement modifications compared to trials without movement modifications (Ms = 77.1
cm/s and 74.3 cm/s, respectively, for trials with and without discrete movement modifi-
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cations, averaged across experiments 1 and 2). These findings are consistent with the
notion that high-velocity initial impulses, compared to low-velocity impulses, are more
likely to require error correction due to the lack of accuracy (Meyer et al., 1988). Reaction
times and time to peak velocity were not substantially different for trials without and
with movement modifications (Ms = 306 ms vs. 303 ms and 212 ms vs. 210 ms, for reaction
times and times to peak velocity, respectively). In sum, the extremely large difference in
time after peak velocity between trials without and with discrete movement modifications suggests qualitatively different underlying control mechanisms, and therefore
recommends to differentiate between these two types of trials.
In conclusion, the present study provided evidence for the hypothesis that target-distractor separation is an important determinant of the temporal locus of distractor interference in selective reaching. The separation between target and distractor determines which
selection problem(s) need to be solved and, in turn, the specific selection problem determines when the problem needs to be solved, and what frame of reference it might benefit
from. We have demonstrated that distractors affect the pre-planned portion of the response when they interfere with determining the general location of the target. This is so
because determining the general location of the target area is required to bring the hand
from the start towards the vicinity of the target. On the other hand, when the distractor interferes with distinguishing the exact location of the target, the on-line controlled portion
of the response is affected, because accurately terminating the movement at the target necessitates that the exact target location has been distinguished.
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FOOTNOTES
1

A search was first performed for peak velocity. The velocity profile was then traversed
backwards in time until the velocity fell below 2 cm/s. This point was defined as the beginning of the movement. The end of the movement was defined as the point in time
following peak velocity in which the absolute velocity of the pen tip fell below 2 cm/s
for 150 ms. Then, a search was performed from peak velocity to the end of the movement for the possible initiation of a discrete movement modification. That is, a negative
to positive zero crossing in the acceleration trace. In order to qualify as a correction
phase, the absolute maximum in the acceleration trace in between the negative to positive zero crossing and the subsequent positive to negative zero crossing in the acceleration trace should be at least 150 cm/s2. Furthermore, the duration between the
initiation of the movement modification and the end of the movement had to be at
least 60 ms and the distance traveled during this time had to be at least 1 mm. When
neither of these criteria was met, a search for the next negative to positive zero crossing
in the acceleration trace was performed. This was repeated until a movement modification was identified that met all the aforementioned criteria, or until the end of the
movement. In those cases in which there was no movement modification, the end of
the movement was repositioned at the point after peak velocity where the absolute
velocity fell under 2 cm/s for the first time. The movement modifications we identified
using the aforementioned criteria included both continuations in the initial movement
directions (following a target undershoot) as well as reversal movements (following a target overshoot). This is so because the acceleration profile was the first order derivative of
the absolute velocity profile, and the absolute velocity is independent of the direction of
the movement. However, due to the use of absolute velocity, we cannot differentiate
between these two types of movement modifications.

2

Because of the large between-subjects variability in the percentage of trials containing a
discrete movement modification, we chose to use the data from those participants with at
least 10 % of trials containing a discrete movement modification. For experiment 1 we
included 8 out of 16 participants, for experiment 2 we included 10 out of 22. We calculated
mean RTs, TTPVs, PVs, and TAPVs in the no-distractor and distractor condition, both for the
trials without and with discrete movement modifications. We then averaged across the
no-distractor and distractor conditions to arrive at the values reported in this paragraph.
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Abstract

In this study we investigated the influence of movement direction and type of
m ove m e nt on distra ctor inte rf e re n ce in select i ve re a c h i n g. Pa rt i c i p a nt s
reached for a green target while ignoring a simultaneously presented red distractor. In Experiment 1 participants performed rightward or leftward movements within the right or the left body-space using their dominant (i.e.,right)
hand. Reaction times, movement times, and percentage errors were recorded.
Results showed significant interference effects in movement time, not in reaction time. Importantly, movement time interference was found to be smaller
for leftward than for rightward movements.However, in Experiment 1,movement direction was confounded with type of movement (i.e.,abduction vs.add u ct i o n ) . In Experiment 2 we disentangled these two factors by having
participants perform rightward and leftward movements with right and left
hands. Results indicated again that leftward movements were less prone to
distractor interference than rightward movements, regardless of the responding hand.This phenomenon is interpreted in terms of a left hemisphere superiority
in online feedback-processing during goal-directed movements in right-handers.
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INTRODUCTION
Many studies have been performed investigating the effect of distracting stimuli on the
performance of aiming movements. Typically, the tasks used in those studies require participants to reach for a target stimulus while ignoring a simultaneously presented distractor stimulus. Usually, but not always, distractors have been found to interfere with the
required response. That is, reaction times and/or movement times are prolonged, and/or
movement paths are altered. When comparing the various reports on distractor interference in these so-called selective reaching tasks, it is striking that the experimental setup
is often very different between studies. For example, some studies require participants to
reach for the target (e.g., Tipper, Lortie, & Baylis, 1992), whereas others require a grasping
response (e.g., Gangitano, Daprati, & Gentilucci, 1998). In some studies target and distractor are defined by color (e.g., Tipper et al., 1992), whereas in other studies target and distractor appear as signs (i.e., X and +; e.g., Pratt & Abrams, 1994). Another apparent
difference between studies is the direction of the movement toward the target. For instance, in the selective reaching task used by Tipper, Lortie, and Baylis (1992), participants
made movements away from the body or towards the body along the sagital axis. In the
Keulen et al. studies (Keulen, Adam, Fischer, Kuipers, & Jolles, 2002, 2003) participants performed rightward movements along the frontal axis.
Differences in distractor interference between studies are difficult to account for
because studies often differ on more than just a single attribute. The present study was
designed to investigate whether the direction of the movement to be performed influences the degree of interference caused by a distracting stimulus. The rationale for investigating direction of movement as a potential determinant of distractor interference
in selective reaching comes from research in the domain of manual asymmetries and
hemispheric specialization associated with goal-directed aiming. Within this domain of
research, movement direction has often been a key variable of interest. It has repeatedly
been shown that when right-handers are required to make right-hand target-directed
movements to the left and to the right, there is an advantage for leftward movements.
For instance, Bradshaw, Bradshaw, and Nettleton (1990) found that in right-handers,
right hand movement times were shorter for leftward than for rightward movements.
Morgan et al. (1994) also revealed a superiority for leftward-directed movements, both
for the right and the left hand. In the present study we sought to extend the above-mentioned studies by investigating whether the advantage of leftward movements also extends to the susceptibility to interference from distractors. In other words, we aimed at
answering the following question: Is there a difference in susceptibility to interference
from distractors when performing rightward and leftward target-directed movements?
In the first experiment, right-handed participants performed rightward and leftward
movements with their preferred hand within the left or the right body-space. In that way,
we were able to distinguish between the effect of movement direction (rightward vs. leftward movements) on distractor interference on the one hand and laterality (ipsilateral vs.
contralateral movements) on the other.
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EXPERIMENT 1
Method
Participants. Fourteen Maastricht University undergraduate students, 7 female and 7
male, participated. Mean age was 22.6 years (range 20-25). In this, and the next experiment, they were paid the equivalent of about 5 US$, were right-handed (as indicated by
self-report), had normal or corrected-to-normal visual acuity, and were naive as to the
purposes of the experiment.
Material and Apparatus. Participants were tested individually in a quiet, dimly illuminated
room. They were seated on a height-adjustable chair in front of a 43.2 cm (i.e., 17 inch) video
monitor that was equipped with a touch screen. The monitor was placed in a normal, upright
position and participants made responses with the tip of the right index finger directly on the
screen. The stimulus display was made up of a start box and a target box, both in white outline on a black background. The target box was always located in the center of the screen. The
start box was located either to the left or to the right of the target box, at a distance of 12 cm
(side-to-side). Participants were positioned such that the body midline was in line either with
the start box or with the target box, and the shoulder line (i.e., an imaginary line connecting
both shoulders) was parallel to the monitor’s screen. The stimulus displays used in the experiment and the position of the participant’s body midline relative to the start position and the
target are schematically depicted in Figure 5.1. The target stimulus was presented as a green
square completely filling the target box. The distractor stimulus was presented as a red
square appearing either in between the start box and the target or beyond the target. The
distractor could appear at one of four possible target-distractor distances (side-to-side): 2, 14,
26, and 38 mm. Start box, target box, and distractor box were all 10 mm wide and high. Note,
however, that for defining an aiming error the effective target width was set at 12 mm; this
was done in order to limit the number of errors (i.e., target misses).

Figure 5.1.

Schematic depiction of the stimulus displays used in the present study, and the
position of the participant relative to the
start position and the target. The ‘S’ indicates the start position of the responding hand. The ‘T’ indicates the location
of the target. The dotted squares on either side of the target indicate the possible locations of the distractor stimulus.
The arrow indicates the movement direction. The ‘S’, ‘T’, and the arrow were
not actually present.
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Design. Participants performed in two sessions, each lasting about 20 minutes. There
were four experimental conditions (i.e., two in each session), resulting from the orthogonal combination of movement direction (rightward or leftward) and body-space in which
the movement was performed (right or left). Thus, there were four experimental conditions: (1) Rightward, Right Body-Space; (2) Rightward, Left Body-Space; (3) Leftward, Right
Body-Space; and (4) Leftward, Left Body-Space. Rightward refers to movements starting
from the left start position and moving to the right. Leftward refers to movements starting from the right start position and moving to the left. Right Body-Space indicates that
the movement is performed within the side of space right from the body midline. Left
Body-Space indicates that the movement is performed within the side of space left from
the body midline. For each experimental condition there were 144 test trials, preceded by
25 practice trials. Within a block of 144 test trials, there were 24 trials without distractor (=
16.7 %) and 120 with distractor (= 83.3 %). For each of the 4 possible distractor locations at
both sides there were 15 trials. Order of distractor trials and no-distractor trials was random. Order of experimental conditions was random.
Procedure. At the beginning of each trial, the start box turned green, indicating that
the participant could move the fingertip to the green start box. Participants were informed that on each trial a green light would appear in the target box and that on some
trials a red light would appear in a different location. Participants were asked to first
contact the start box with the index fingertip of the right (i.e., preferred) hand and then
to move the eyes to the target box. This shift in gaze position was prompted and facilitated by blinking the target box three times during a period of 1000 ms. Then, after an
additional delay of 1000 ms, the target stimulus (with or without distractor) was presented.
Participants were instructed to move to and contact the green target box as quickly and
accurately as possible while ignoring the red distractor box. If they missed the target,
they were encouraged to try to do better in subsequent trials. One second after completing the aiming movement, the start box turned green again, signaling the start of
the next trial which the participants could initiate at will. The computer presented a visual feedback signal if the participant failed to hit the target box or if the start box was
released too soon (that is within 150 ms after target presentation).
We calculated two measures of response time: (1) reaction time (RT), measured
from the time when the target stimulus appeared to the time when the start box was released; and (2) movement time (MT), measured from the time when the start box was
released to when the target box was contacted.
Analysis. RTs below 150 ms were considered anticipations and were excluded from data
analyses. RTs over 1000 ms as well as MTs below 150 ms or over 1000 ms were considered
outliers, and were also excluded; 15.0 % of the trials were removed using these criteria (14.1 %
in the no-distractor and 16.0 % in distractor condition). This was mostly due to anticipations
(14.8 %). RT, MT, and Percentage Errors were calculated for each subject as a function of
Movement Direction, Body-Space, and Distractor Presence. Analysis of variance (ANOVA) was
performed on mean RT, MT, and percentage errors with Movement Direction (Rightward vs.
Leftward), Body-Space (Right vs. Left), and Distractor Presence (without vs. with distractor) as
within-subject variables. Error trials were excluded from all latency analyses.1
Whenever needed, the tests were adjusted for heterogeneity of variance and covariances using the Huynh-Feldt corrected significance values. Post-hoc analyses were
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carried out using Tukey’s honestly significant difference (hsd) procedure; an alpha level
of .05 was employed to determine statistical significance.

Results
Reaction Time. There was a significant Distractor Presence main effect, F(1, 13) = 37.427,
p < .001, indicating that RTs were longer for trials without distractor compared to trials with
distractor (Ms = 272 and 242 ms, respectively, for trials without and with distractor). All remaining F-values involving Movement Direction, Body-Space, and Distractor Presence were
non-significant (all ps > .1).
Movement Time. There was a significant Movement Direction main effect, F(1, 13) =
41.507, p < .001, indicating that leftward movements were shorter in duration than rightward movements (Ms = 324 and 385 ms, respectively). The Body-Space main effect was
also significant, F(1, 13) = 13.035, p < .005, indicating that movements performed within
the right body-space were shorter in duration compared to movements performed within
the left body-space (Ms = 339 vs. 370 ms, respectively). The significant Distractor Presence
main effect, F(1, 13) = 27.592, p < .001, indicated that MTs were significantly longer in the
distractor condition compared to the no-distractor condition (Ms = 358 vs. 351 ms, for trials
with and without distractor, respectively).
Importantly, the Distractor Presence main effect was qualified by a significant
Distractor Presence x Movement Direction interaction, F(1, 13) = 8.135, p < .05, indicating less interference for leftward movements compared to rightward movements (i.e., 3
vs. 11 ms, respectively; see Figure 5.2). Note, that the 3 ms interference effect observed
with the leftward movements barely missed significance (p = .075). All remaining F-values involving Movement Direction, Body-Space, and Distractor Presence were non-significant.
Percentage Errors. All F-values involving Movement Direction, Body-Space,
and Distractor Presence were non-significant. Mean error percentage was 5.6 %.

Figure 5.2.

Movement time as a function of Movement Direction and Distractor Presence
in Experiment 1. The error bars represent standard errors.
** indicates significance at the .005 level.
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DISCUSSION
In the present experiment we investigated the effect of the direction of selective reaching
movements on the amount of interference caused by a distractor stimulus. Right-handed
participants performed right-hand movements to the right or to the left, either within the
right or the left body-space. Results showed that leftward movements were shorter in duration than rightward movements, and that movements performed within the right bodyspace (i.e., ipsilateral movements) were shorter in duration than movements performed
within the left body-space (i.e., contralateral movements). Distractor interference occurred
in MT and, importantly, this interference effect was larger in rightward movements than in
leftward movements. Finally, RTs were shortened by the presence of a distractor.
We found less interference for leftward compared to rightward movements performed with the right hand. However, it is not clear whether movement direction is in fact
the driving factor or type of movement, because these two factors were confounded. That is,
whereas rightward movements were abductive, leftward movements were adductive. As a
result, less interference for leftward movements compared to rightward movements might
either be a ‘movement direction’ effect or a ‘type of movement’ effect. So, one interpretation could be that leftward movements are less prone to distractor interference than rightward movements. Another interpretation could be that adduction movements are less
prone to distractor interference than abduction movements. To differentiate between a
‘movement direction’ account and a ‘type of movement’ account, we performed a second
experiment in which participants performed leftward and rightward movements with both
their right and left hands. If movement direction is responsible for the difference in interference, then leftward movements should show less interference than rightward movements,
irrespective of the hand used to respond. However, if type of movement is the crucial variable, then a dissociation between right-hand and left-hand movements should occur. That
is, with the right hand there should be less interference for leftward (adductive) than for
rightward (abductive) movements. In contrast, with the left hand there should be less interference for rightward (adductive) than for leftward (abductive) movements.

EXPERIMENT 2
Method
Participants. Fourteen new right-handed students, 8 female and 6 male, participated.
Mean age was 23.1 years (range 20-27).
Material and Apparatus. The same experimental setup as in Experiment 1 was used.
The only difference was that participants were positioned such that the body midline
was always in line with the target box, and that they made movements with both their
right and their left hand (see Figure 5.1 B-C).
Design. Participants again performed in two sessions, each lasting about 20 minutes.
There were four experimental conditions (i.e., two in each session), resulting from the
orthogonal combination of movement direction (rightward or leftward) and hand used for
responding (right or left). The four conditions were: (1) Right-Hand Rightward; (2) RightHand Leftward; (3) Left-Hand Rightward; and (4) Left-Hand Leftward. Rightward refers to
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movements starting from the left starting position. Leftward refers to movements starting
from the right starting position. In one session participants performed either the two righthand conditions or the two left-hand conditions. Order of the conditions within one session
was random. The number of trials in each condition was identical to that in Experiment 1.
Procedure. Procedure was identical to the procedure in Experiment 1.
Analysis. Using the Experiment 1 criteria for exclusion of trials resulted in 10.3 % of the
trials being removed (9.1 % in the no-distractor and 11.5 % in distractor condition).
Again, the majority of excluded trials was due to anticipations (8.5 %). RT, MT, and
Percentage Errors were calculated for each subject as a function of Hand, Movement
Direction, and Distractor Presence. We performed ANOVA on mean RT, MT, and percentage errors with Hand (Right vs. Left), Movement Direction (Rightward vs. Leftward), and
Distractor Presence (without vs. with distractor) as within-subject variables.2

Results
Reaction Time. There was a significant Distractor Presence main effect, F(1, 13) = 169.335,
p < .001, indicating that RTs were longer for trials without distractor compared to trials with
distractor (Ms = 264 and 236 ms, respectively, for trials without and with distractor). All remaining F-values involving Hand, Movement Direction, and Distractor Presence were nonsignificant (all ps > .05).
Movement Time. There was a significant Hand main effect, F(1, 13) = 7.694, p < .05, indicating that movements performed with the right hand were shorter in duration than
movements performed with the left hand (Ms = 401 and 432 ms, respectively). The
Hand main effect was qualified by a significant Hand x Movement Direction interaction,
F(1, 13) = 54.351, p < .001, indicated that the right hand was better at executing leftward movements, whereas the left hand was better at executing rightward movements.
There was a significant Distractor Presence main effect, F(1, 13) = 14.813, p < .005. That
is, MTs were significantly longer in the distractor condition compared to the no-distractor condition (Ms = 423 vs. 411 ms, for trials with and without distractor, respectively).
Importantly, the Distractor Presence main effect was qualified by a significant
Movement Direction x Distractor Presence interaction, F(1, 13) = 11.060, p < .01. This interaction indicated less interference for leftward movements compared to rightward
movements (i.e., 7 vs. 18 ms, respectively; see Figure 5.3). This effect was independent of
the hand used for responding, as there was no significant Hand x Movement Direction x
Distractor Presence interaction, F(1, 13) = 0.501, p > .4. All remaining F-values involving
Hand, Movement Direction, and Distractor Presence were non-significant.
Percentage Errors. The presence of a distractor slightly reduced the Percentage Errors
(Ms = 4.3 vs. 3.3 %, for trials without and with distractor, respectively; F(1, 13) = 7.052,
p < .05). However, this effect was qualified by a significant Distractor Presence x Hand
interaction, F(1, 13) = 4.990, p < .05, indicating that it only materialized for movements
performed with the right hand (i.e., 4.6 vs. 2.8 %, for trials without and with distractor, respectively; p < .05), not for movements performed with the left hand (i.e., 4.0 vs. 3.8 %, for
trials without and with distractor, respectively; p > .6).
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Movement time as a function of Movement Direction and Distractor Presence
in Experiment 2. The error bars represent
standard errors.
** indicates significance at the .005 level.
* indicates significance at the .05 level.

Discussion
Experiment 2 was designed to differentiate between a ‘movement direction’ and a ‘type
of movement’ interpretation for explaining the key finding of Experiment 1 that leftward
movements suffered less interference from the presence of a distractor than rightward
movements. Results again showed that there was less interference for a leftward movement than for a rightward movement and, most importantly, this effect was independent
of the hand used to respond. Overall, right-hand movements were executed faster than
left-hand movements. Furthermore, leftward MTs were shorter than rightward MTs when
using the right hand, whereas the opposite was true when using the left hand. Again, as in
Experiment 1, RTs were shortened by the presence of a distractor.
The outcome of Experiment 2 solves the ambivalence that was evident in Experiment 1,
that confounded movement direction (i.e., rightward vs. leftward) with type of movement (i.e.,
abduction vs. adduction). The results of Experiment 2 showed that, regardless of the responding hand, leftward movements were associated with less interference than rightward movements. This observation indicates that movement direction rather than type of movement was
responsible for the difference in interference between leftward and rightward movements.

GENERAL DISCUSSION
In the present study we investigated the effect of movement direction and type of movement on distractor interference in a goal-directed reaching task performed by right-handers.
The results of two experiments consistently showed that leftward movements suffered less
MT interference than rightward movements. We also found that reaction times were shortened by the presence of a distractor. Furthermore, movements were executed faster within
ipsilateral space than within contralateral space, and adductions were faster than abduc-
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tions. Finally, right hand movements were faster than left hand movements.
A new and most interesting finding was that leftward movements were less prone
to distractor interference than rightward movements, regardless of the hand used for
responding and regardless of the body-space in which the movement was performed.
How to explain this most intriguing phenomenon? In attempting to answer this question, it is important to note that when pointing to or reaching for a target a typical strategy of human performers is to move the eyes to the target before the start of the hand
movement. This serial order is known as the “eyes-first, hand-second phenomenon” (e.g.,
Abrams et al., 1990; Neggers & Bekkering, 2001). Indeed, this was certainly also the case
in our experiments, as we explicitly encouraged our participants to have their eyes on
the target before the start of the hand movement. As a result, leftward movements were
performed within the right visual field (which projects to the left hemisphere), whereas
rightward movements were performed within the left visual field (which projects to the
right hemisphere). This argument allows for an explanation of the observed superiority
for leftward movements in terms of a cerebral lateralization and specialization account.
In particular, it has been proposed that in right-handers the left hemisphere is superior at processing (visual and non-visual) feedback information during goal-directed
aiming movements (e.g., Flowers, 1975; Todor & Doane, 1978; Roy, Kalbfleisch, & Elliott,
1994; Mieschke et al., 2001). This position is based on several lines of evidence. Flowers
(1975) asked participants to perform two types of tasks: a visually controlled, discrete
aiming task and a ballistic tapping task. Flowers (1975) found that right hand advantages (in right-handers) were more pronounced for aiming than for tapping, and that
the hand differences in aiming increased with the accuracy demands of the aiming task.
A similar observation was made by Todor and Doane (1978) who reported a right hand
advantage that was greater for small than large targets. Furthermore, Roy, Kalbfleisch,
and Elliott (1994) reported that in right-handed participants performing aiming movements, the right hand was associated with smaller movement times than the left hand.
Kinematic analyses revealed that the right and the left hand differed only in time spent
after peak velocity, with the right hand spending significantly less time in deceleration,
regardless of the availability of vision. On the basis of this finding, Roy et al. (1994) argued that the left hemisphere might be more efficient at processing (visual or non-visual) feedback information.
It is a common notion that online feedback-processing plays an important role in
target-directed reaching, especially in the presence of nearby distractors. That is, in the
later stages of the movement, when the critical task is to terminate the movement accurately on the target and not on the distractor, feedback regarding the ongoing movement in relation to the target and distractor is necessary to prevent hitting the distractor
instead of hitting the target. When performing target-directed movements within the
right visual field, visual information regarding the moving hand is projected directly to
the left hemisphere that is superior at processing feedback during the ongoing movement. However, when performing target-directed movements in the left-visual field, visual information is projected to the right hemisphere, and a time-consuming process of
interhemispheric communication is needed to consult the specialized, dominant left
hemisphere. According to this account, the superiority of leftward over rightward movements in solving distractor interference is related to a left hemisphere superiority in online
feedback-processing during goal-directed movements in right-handers.
The observation that distractor interference occurred in movement time, and that
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reaction times were facilitated by (rather than that they suffered from the presence of)
the distractor is in line with some of our previous studies (Keulen et al., 2002, 2003) reporting a similar outcome. In those studies we suggested that this result might have
been caused by the fact that movement direction (and, in the present study also target
location) was known in advance throughout the experiment. So it might be the case
that RTs mainly reflected detection of the stimulus (i.e., target alone ór target plus distractor) and initiation of the response. Detectability of the onset of the target, however,
might have been easier when the target was accompanied by a distractor than when
the target was presented alone. This is because total stimulus energy is larger when target and distractor are presented together than when the target is presented alone (e.g.,
Nickerson, 1973).
The shorter movement latency of ipsilateral compared to contralateral movements
is a rather common observation. Several explanations have been forwarded to account
for this ipsilateral movement advantage. One possible explanation is concerned with
biomechanical differences between ipsilateral and contralateral movements. Carey and
colleagues (Carey, Hargreaves, & Goodale, 1996; Carey & Otto-de Haart, 2001) argued
that factors such as a larger displacement of the centre of mass of the limb and more
muscle groups to be recruited might be responsible for the longer latencies of movements crossing the midsagittal plane. Another explanation focuses on interhemispheric
processes. More specifically, when the visual input is given to one hemisphere and the
motor response is mediated by the other (which is the case with contralateral targets),
interhemispheric transfer of information is required. Within-hemisphere processing of
feedback information arising from the reaching limb is carried out more efficiently than
cross-hemisphere processing, so this difference might account for the ipsilateral movement advantage (Velay & Benoit-Dubrocard, 1999; Velay, Daffaure, Giraud, & Habib, 2002).
However, in the present study the eyes were directed at the target location at stimulus
onset, so the target stimulus was actually presented centrally rather than ipsilaterally or
contralaterally. Thus, the explanation based on interhemispheric processes might not be
appropriate to explain the present ipsilateral advantage.
The finding of a movement advantage for adduction relative to abduction movements is consistent with some studies, but contradictory to others. Guiard, Diaz, and
Beaubaton (1983) observed shorter execution times for adductive compared to abductive movements, even though the adductive movements crossed the midsagital plane
whereas the abductive movements did not. Bradshaw, Bradshaw, and Nettleton (1990),
on the other hand, found that abductive movements were completed faster than adductive movements (both were in ipsilateral hemispace). However, they found an adductive superiority when the task to be performed required fine manipulative control.
The latter observation is consistent with our results, as the small targets used in the
present experiment place a large demand upon fine motor skills.
The right-hand advantage for movement execution in right-handers is well documented, and has been attributed to a greater ability of the left hemisphere for the
processing of perceptual and/or motor information during the ongoing movement
(Flowers, 1975). Because reaches toward small targets are assumed to rely heavily on feedback, they are performed best by the arm that is linked to the left hemisphere (i.e., the
right arm). This suggestion is supported by the finding by Todor and Doane (1978) that
the right-hand advantage for MT is dependent on the size of the target, with the advantage being larger for small targets. Another explanation might be that the right (i.e., pre-
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ferred) hand benefits from an overpractice in aiming tasks. This overpractice results in
differences in the specification and timing of the muscular forces required to move the
limb towards the target (Roy & Elliott, 1989).

Conclusion
Two experiments revealed an intriguing new phenomenon, namely that right-handers
were better in resisting distractor interference when performing leftward compared to
rightward movements (in right and left visual fields, respectively). This phenomenon
was interpreted in terms of a left hemisphere superiority in feedback-processing during
online control of goal-directed reaching movements.
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FOOTNOTES
1

Although it was not the focus of the present study, we also analyzed the effect of TargetDistractor Separation (8 vs. 32 mm; we averaged the 2 and 14 mm and the 26 and 38 mm
distances to constrain the degree of variability) and Distractor Location (in between start
and target vs. beyond the target) on MT Interference and movement endpoint, the latter
in terms of Constant Error (CE). There was a significant Target-Distractor Separation main
effect on MT, F(1, 13) = 23.508, p < .001, indicating more interference with the small (i.e., 8
mm) target-distractor separation than with the large (32 mm) target-distractor separation (Ms = 11 vs. 3 ms, for the 8 mm and 32 mm target-distractor separation, respectively).
Furthermore, there was a significant Distractor Location main effect on the horizontal
movement endpoint, F(1, 13) = 103.827, p < .001, indicating that the movement endpoint
was biased away from the location of the distractor. In other words, when the distractor
was in between the start and the target, movement endpoints were further away from
the start position compared to the no-distractor condition (CE Interference = + 0.95 mm).
However, when the distractor was beyond the target, movement endpoints were closer to
the start position compared to the no-distractor condition (CE Interference = -0.28 mm).
This bias was larger for the 8 mm target-distractor separation (Ms = +1.09 vs. –0.44 mm,
for distractors in between start and target and distractors beyond the target, respectively)
than for the 32 mm target-distractor separation (Ms = +0.81 vs. –0.13 mm, for distractors
in between start and target and distractors beyond the target, respectively). These effects
were similar to our previous findings (Keulen et al., 2002, 2003).

2

Analysis of the effect of Target-Distractor Separation (8 vs. 32 mm) and Distractor
Location (in between start and target vs. beyond the target) on MT Interference and
movement endpoint revealed that here was a significant Target-Distractor Separation
main effect on MT Interference, F(1, 13) = 80.718, p < .001, indicating more interference
with the small (i.e., 8 mm) target-distractor separation than with the large (32 mm) target-distractor separation (Ms = 18 vs. 6 ms, for the 8 mm and 32 mm target-distractor
separation, respectively). Furthermore, there was a significant Distractor Location main
effect on the horizontal movement endpoint, F(1, 13) = 44.573, p < .001, indicating that
the movement endpoint was biased away from the location of the distractor (Ms =
+0.80 vs. –0.44 mm, for distractors in between start and target and distractors beyond
the target, respectively). This bias was larger for the 8 mm target-distractor separation
(Ms = +1.04 vs. –0.65 mm, for distractors in between start and target and distractors
beyond the target, respectively) than for the 32 mm target-distractor separation (Ms =
+0.57 vs. –0.22 mm, for distractors in between start and target and distractors beyond
the target, respectively).
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Abstract

This study examined the effects of visual distractors on reaching performance
in children aged 7, 9, and 13 years. The experimental task was to reach for a
green target appearing either with or without a red distractor on a computer
screen. Potential targets were either small (i.e.,1x1 cm) or large (i.e.,2x2 cm),
and were separated by small (0.5 cm) or large (1 cm) side-to-side distances,
respectively. Reaction times, movement times, and error percentages were
measured. Results showed that in all age groups the presence of a distractor
prolonged movement times.Importantly,this movement time interference decreased with increasing age. Reaction times were unaffected by the presence
of a distractor, whereas error percentages increased. Movement time interference was greater for small than for large targets. The obser ved changes with
age in distractor interference during selective reaching are interpreted as reflecting maturational changes in the (pre)frontal cortex and concomitant improvements in inhibitory control.
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INTRODUCTION
Following the lead of Tipper, Lortie and Baylis (1992), many studies have examined distractor effects in a selective reaching paradigm (e.g., Pratt & Abrams, 1994; Meegan &
Tipper, 1998, 1999; Castiello, 1998; Chieffi, Ricci, & Carlomagno, 2001). In this paradigm,
participants reach for a target while ignoring a simultaneously presented visual distractor. Even though there are exceptions (e.g., Jackson, Jackson, & Rosicky, 1995), the usual
finding is that reaction times (RTs) and/or movement times (MTs) are lengthened by the
presence of a distractor stimulus (e.g., Fischer & Adam, 2001; Tipper, Lortie, & Baylis,
1992). Thus, the presence of a distractor in a reaching task may induce a temporal cost
by slowing down the planning and/or execution of the movement toward the target.
According to Tipper and colleagues (Tipper et al., 1992; Meegan & Tipper, 1998, 1999),
this temporal cost is due to an inhibitory process directed towards the distractor representation and its associated response.
There is ample evidence suggesting that inhibitory control subsides in specific circuits within the prefrontal cortex, depending on the task requirements. For example,
Vendrell et al. (1995) found that right dorsolateral prefrontal patients made more errors
on the Stroop color-word test than did controls. Casey et al. (1997) observed that the
volume of activity in the ventral prefrontal cortex correlated positively with the performance on a go no-go task. Bunge et al. (2002), using an Eriksen flanker task, found bilateral prefrontal activation when selection among competing responses was required
(i.e., when target- and flanker letter were associated with opposite responses). The finding that performance on tasks that require inhibition of irrelevant or competing information corresponds with increased prefrontal activation suggests that these tasks are
ideal for studying both the development of inhibitory control and the maturation of
prefrontal cortex. This is an interesting topic because there
It is well established that the prefrontal cortex continues developing throughout
childhood and into adolescence (e.g., Bourgeois, Goldman-Rakic, & Rakic, 1994; Rakic,
Bourgeois, & Goldman-Rakic, 1994). This is in line with behavioral data showing that young
children perform worse on tasks that require irrelevant information to be ignored than
older children and adults. For instance, Ridderinkhof, Van der Molen, and Band (1997)
found that flanker interference effects decreased with age, with the largest decrease occurring somewhere between the ages of 8 and 11 years. In a flanker task, participants are required to respond to a target that is surrounded by stimuli associated with either the same
response as the target or the opposite response. Similar improvements in performance
with age have been reported using the Stroop task (e.g., Cormalli, Wapner, & Werner, 1962)
and the negative priming paradigm (Tipper, Bourque, Anderson, & Brehaut, 1989).
However, to the best of our knowledge, so far there have been no reports on developmental effects of distractors on the planning and execution of goal-directed aiming
movements. The present study sought to investigate this issue in a task similar to the
selective reaching paradigm introduced by Tipper et al. (1992). Based on numerous
studies showing that older children and adults are better able than young children to
focus their attention on relevant aspects of the task and to filter out irrelevant aspects,
we expected less interference as age increases.
We used visual displays that contained nine stimulus boxes arranged in a 3 x 3 matrix. On all trials, one of the stimulus boxes would turn green, signaling the location of
the target. On 57% of the trials a second stimulus box would turn red simultaneously
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with the onset of the target, thus signaling the location of the distractor. Participants
had to reach for the green target while ignoring the red distractor. Importantly, the
stimulus boxes were either small (1 x 1 cm and separated by a distance of 0.5 cm sideto-side) or large (2 x 2 cm and separated by a distance of 1 cm side-to-side). Hence, the
distance between the centers of target and distractor (and also between their borders)
was much larger for the large than for the small stimulus display. Since it is well established that interference effects decrease with increasing target-distractor separation
(e.g., Eriksen & Eriksen, 1974; Keulen et al., 2002, 2003) we expected less interference
with the large than with the small targets.
In previous studies with adults reaching to targets along the frontal axis, we observed that target-distractor separation can modulate the spatial nature of the interference effect. That is, with large target-distractor separations an asymmetric pattern of
interference is usually found, with “near” distractors producing more interference than
“far” distractors (e.g., Tipper et al., 1992). This phenomenon has been called the proximityto-hand effect and refers to the finding that a distractor located between the start position
of the responding hand and the target (a “near” distractor) generates more interference
than a distractor located beyond the target (a “far” distractor). With small target-distractor
separations, however, a symmetric pattern emerges, with equal amounts of interference
from near and far distractors (Keulen et al., 2002, 2003). According to Keulen et al. (2002,
2003), this interaction suggests a distinction between action- and environment-centered
spatial coding systems in selective reaching, the former being dominant with large targetdistractor separations, the latter being dominant with small target-distractor separations.
Applying these insights to the present reaching task with children using a vertically-oriented stimulus display, we hypothesized that the small targets would generate
a symmetric pattern of interference (i.e., similar amounts of interference for distractors
above and below the target) and the large targets an asymmetric pattern (i.e., more interference for the “below” distractors that appear to be somewhat nearer to the start
location of the responding hand than the “above” distractors).
In sum, the goal of the present experiment was to investigate the developmental
trend of distractor interference in a selective reaching task. In particular, we tested three
hypotheses: (1) distractors cause interference in RT and/or MT which is maximal in
young children and decreases with increasing age; (2) distractor interference is greater
for small than for large targets; and (3) small targets exhibit a symmetric pattern of interference effects but large targets an asymmetric pattern, the latter showing more interference from below than from above distractors.

METHOD
Participants. Children in three different age groups volunteered to participate: 15 7year-olds (M = 7.1 years, SD = 0.39; 6 male, 9 female), 22 9-year-olds (M = 8.9 years, SD =
0.34; 12 male, 10 female), and 22 13-year-olds (M = 13.2 years, SD = 0.56; 10 male, 12 female). The children were recruited from two elementary schools near Maastricht, and all
were at a normal scholastic level. Informed consent was provided by parents and teachers. All participants had normal or corrected-to-normal visual acuity, and were naive as
to the purpose of the study. There were 4 lefthanders among the 7-year-olds and 2
among the 9-year-olds. All 13-year-olds were right-handed.1
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Apparatus and stimuli. Participants were tested individually in a quiet room. They
were seated on a height-adjustable chair in front of a 43.2-cm (i.e., 17-in.) video monitor
that was equipped with a touch screen. The monitor was placed on a table in a normal,
upright position. A round start button (Ø 13 mm) was attached to the table in front of
the video monitor. Horizontal distance between the start button and the front panel of
the monitor was 205 mm. Vertical distance between the start button and the center of
the screen was 220 mm. Participants were positioned such that the body midline was in
line with the start box in front of them. The stimulus displays used in the experiment are
schematically depicted in Figure 6.1. The stimulus boxes were presented as squares in
white outline on a black background. The target stimulus was presented as a green
square completely filling one of the stimulus boxes. The distractor stimulus was presented as a red square completely filling one of the boxes directly adjacent to the target
box. The nine stimulus boxes were arranged in a 3 x 3 matrix. There were two experimental conditions: the Small Target condition and the Large Target condition. In the
Small Target condition, all stimulus boxes were 10 mm wide and high, with a distance of
5 mm between the individual stimulus boxes (side-to-side). In the Large Target condition, the boxes were 20 mm wide and high, with a distance of 10 mm between the individual stimulus boxes. Effective target width and height were set at 14 and 24 mm,
respectively, for the Small and Large conditions; this was done in order to limit the
amount of errors (i.e., target misses). In both conditions the center stimulus box was located in the center of the screen.

Figure 6.1.

Schematic overview of the stimulus displays used in the present study. Drawn to scale. The numbers
were not actually present. ‘SMALL’ indicates the Small Target condition, ‘LARGE’ indicates the Large
Target condition.

The touch screen and the start button were interfaced with an MS-DOS Pentium
100 MHz computer that controlled stimulus presentation and recorded reaction times,
movement times, and response accuracy. Temporal resolution was 5 ms and spatial
resolution 0.1 mm.
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Design. Participants performed in one single session lasting about 20 minutes. In each
Target Size condition, there were 63 test trials, preceded by 7 practice trials. Within a block
of 63 test trials, there were 27 trials without distractor (that is 3 for each target location)
and 36 trials with distractor. Targets 1, 3, 7, and 9 each had 3 trials with a distractor.
Targets 2, 4, 6, and 8 each had 5 trials with a distractor, and target 5 had 4 trials with a distractor. The order of distractor and no-distractor trials within a block of 63 test trials was
random. The order of the Small Target and Large Target conditions was counterbalanced.
Procedure. At the beginning of each trial, participants were required to press the start
button with the index finger of their dominant hand. Upon pressing the start button, the
target stimulus (with or without distractor) appeared without delay and remained on until
the response was completed. Participants were instructed to move their finger as quickly
and accurately as possible toward the green target and touch it, while ignoring the red
distractor. They were required to keep the finger at the target until the stimulus boxes
were cleared (500 ms after the target hit). Participants could initiate the next trial at will.
We calculated two measures of response time: (1) reaction time (RT), measured from the
time the target stimulus (with or without distractor stimulus) was presented to the time
the start button was released, and (2) movement time (MT), measured from the time the
start button was released to the time the target stimulus was pressed. Furthermore, we
calculated error percentages (%Error), indicating the percentage of trials in which the
movement ended outside the effective target area.
Analysis. RTs below 100 ms were considered anticipations and were excluded from data
analyses. Furthermore, RTs and MTs over 1100 ms and MTs below 100 ms were considered outliers and were also excluded from further analysis. 5.1 % of the trials were removed using these
criteria (5.7, 5.6, and 3.9 %, for the 7-, 9-, and 13-year-olds, respectively).
For each of the dependent variables listed in the Procedure section we calculated means
for each participant as a function of Target Size and Distractor Presence. We performed two
kinds of analysis of variance (ANOVA). The first analysis, called Analysis of Distractor Presence,
included all data and was performed on the means of all dependent variables with Target
Size (Small vs. Large) and Distractor Presence (with vs. without distractor) as within-subject
variables, and Age (7, 9, and 13 years) as between-subject variable. In the second analysis we
compared trials with below and above distractors. Following Meegan and Tipper (1998) we
calculated interference scores for each participant in each of the distractor conditions (i.e.,
below and above) in the following manner. Mean RTs, MTs, and %Errors were calculated for
each target-distractor combination, including target-only conditions. The differences between mean RT, MT, and %Errors for each target-distractor combination and its respective
control (i.e., RT, MT, and %Errors for the same target without a distractor) were then computed. We calculated interference scores for each participant in each distractor condition (i.e.,
below and above) by taking a mean of all difference scores in a particular distractor condition.
ANOVA was performed on these interference scores with Target Size (small or large) and
Distractor Location (below or above) as within-subjects variables and Age (7, 9, or 13 years) as
between-subjects variable. Error trials were excluded from all latency analyses.
Whenever needed, the tests were adjusted for heterogeneity of variance and covariance using the Huynh-Feldt corrected significance values. Post-hoc analyses were
carried out using Tukey’s honestly significant difference (hsd) procedure; an alpha level
of .05 was employed to determine statistical significance.
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RESULTS
Analysis of Distractor Presence
Reaction Time. Only one significant effect materialized, namely the main effect of Age,
F(2, 56) = 65.373, p < .001. This main effect indicated that RTs decreased with increasing
age (Ms = 469, 342, and 268 ms for 7-, 9-, and 13-year-olds, respectively). The post-hoc
analysis revealed that all age groups differed significantly from each other. RT was not
influenced by target size or the presence of a distractor (all ps > .2).
Movement Time. The significant main effect of Age, F(2, 56) = 27.376, p < .001, indicated shorter MTs with increasing age (Ms = 542, 493, and 389 ms for 7-, 9-, and 13-yearolds, respectively). The post-hoc analysis revealed that the only statistically significant
improvement in MT occurred between the ages of 9- and 13-years (p < .001). The significant main effect of Target Size, F(1, 56) = 85.729, p < .001, indicated substantially shorter
MTs for large than for small targets (i.e., 439 and 511 ms, respectively). Importantly, the
significant main effect of Distractor Presence, F(1, 56) = 35.771, p < .001, indicated
longer MTs for trials with than without distractor (Ms = 481 and 468 ms, respectively).
These main effects were qualified by several interactions. The significant Target
Size x Distractor Presence interaction, F(1, 56) = 5.812, p < .05, indicated more MT interference for small than for large targets (i.e., 18 vs. 9 ms, respectively). When expressed as
a proportion of MT, this corresponds to 3.5% and 2.0 % interference in the small and
large target conditions, respectively. The Age x Distractor Presence interaction, F(2, 56)
= 4.079, p < .005, indicated less interference with increasing age (Ms = 22, 11, and 7 ms
for 7-, 9-, and 13-year-olds, respectively; see Figure 6.2). Again, when expressed as a proportion of MT, this corresponds to 4.4, 2.2, and 1.7 % interference for the 7-, 9-, and 13year-olds, respectively. The difference in interference between 7- and 13-year-olds was
significant (p < .05).
Error Percentage. There was a significant main effect of Age, F(2, 56) = 3.612,
p < .05, indicating that the 9-year-olds
missed the target less frequently than
did 7- and 13-year-olds (Ms = 6.3, 4.7,
and 8.4 % for 7-, 9-, and 13-year-olds, respectively). The significant Target Size
main effect, F(1, 56) = 49.779, p < .001,
indicated more errors for small than for
large targets (i.e., 10.4 vs. 2.5%, respectively). This was especially true for the
13-year-olds, as indicated by the significant Age x Target Size interaction, F(2,
56) = 4.310, p < .05.

Figure 6.2.

Movement time as a function of distractor presence for the different age groups.
The error bars represent standard errors.
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Also, there was a significant Distractor Presence main effect, F(1, 56) = 5.991, p < .05, indicating more errors for trials with than without distractor (i.e., 7.2 and 5.7 %, respectively).

Analysis of Distractor Location
Reaction Time and Percentage Errors. All F-values involving Distractor Location were
non-significant (all ps > .05), indicating that below and above distractors did not differentially affect RTs and Error Percentages.
Movement Time. There was a significant Target Size x Distractor Location interaction,
F(1, 56) = 3.981, p < .05. This interaction indicated that with small targets below distractors
interfered less than above distractors (i.e., 12 vs. 28 ms, respectively; p < .05), whereas with
large targets there was no significant difference in interference between below distractors and above distractors (p > .4).

DISCUSSION
This study explored the developmental trend in interference effects observed when a target stimulus is accompanied by a distractor stimulus in a selective reaching task. Results
showed that distractor interference occurred in MT, not in RT, and that MT interference
decreased with increasing age. Moreover, MT interference was greater for small than for
large targets. Finally, with small targets, above distractors generated more interference
than did below distractors, while with large targets there was no difference in interference
between above and below distractors. These findings will be discussed in turn.

No Distractor Interference in Reaction Time
In the present study we observed no interference effect in RT. This outcome has been
reported before (Keulen et al., 2003) and appears to suggest that distractor inhibition
may have been postponed until after movement initiation. Two procedural factors may
have promoted such a strategy. First, there was no time delay between pressing the start
button and appearance of the target, and, second, there were no catch trials. Thus, participants may have used a default strategy of pressing the start button and then moving
in the direction of the stimulus display regardless of the stimulus condition. Such a strategy would allow selective processes to occur after movement initiation.

Movement Time Interference Decreases with Increasing Age
All age groups showed longer MTs when an irrelevant distractor stimulus was present in
the display than when there was not. Importantly, this interference effect decreased with
increasing age. This finding confirms the hypothesis that the ability to inhibit distracting
stimuli while reaching for targets improves as age increases. Moreover, it replicates and
extends previous studies showing an improved efficiency in selective processing during
childhood (for reviews see Lane & Pearson, 1982; Plude, Enns, & Brodeur, 1994). As inhibitory control has been suggested to subside in the (pre)frontal cortex (Corbetta, Miezin,
Dobmeyer, Shulman, & Petersen, 1991; Fuster, 1997), and the (pre)frontal cortex (and it’s
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functions) has not yet fully developed until between the ages 10 and 12 (Stuss, 1992),
it appears that the age-related decrease in interference is a manifestation of the maturation of the (pre)frontal cortex.

Greater Movement Time Interference for Small than for Large Targets
Movement time interference due to the presence of a distractor was greater in the small
target condition than in the large target condition. This outcome is consistent with evidence showing that interference effects diminish as target-distractor separation increases (e.g., Keulen et al., 2002). Apparently, the negative effect of a distractor can be
attenuated and filtered out more easily with greater distances between distractor and
target. Moreover, the reaching movements toward the small targets might have relied to
a greater extent on on-line feedback processes needed to accurately attain the target
than the reaching movements toward the large targets. This differential dependence on
on-line feedback processes for movements to small and large targets might have augmented the effect of target-distractor separation on movement time interference. This
possibility is corroborated by evidence showing robust developmental improvements in
the efficiency of on-line processes to modify an ongoing motor response based on feedback (e.g., Hay, 1987; Bard, Fleury, & Cagnon, 1990; Hauert, Zanone, & Mounoud, 1990).

Distractor Interference as a Function of Distractor Location
The effect of below and above distractors was different for small and large targets. With
small targets there was more interference from above than from below distractors, whereas with large targets there was no difference in interference from below and above distractors. Both findings were not as expected. The first finding is inconsistent with previous
results showing similar interference effects for distractors presented at different locations
(i.e., “near” and “far”). Perhaps, this finding is due to the finger/hand obscuring (or reducing) the visibility of the below distractor, when the finger homes in on the target. This possibility is bolstered by evidence showing that, with small targets and small target-distractor
separations, the negative effect of the distractor mainly accrues during the later phases of
the movement (Keulen et al., submitted). Thus, with small targets the finger/hand approaching the target might have obscured the distractor, thereby reducing its negative impact.
The finding of similar interference effects for below and above distractors with
large targets (in other words, the absence of a proximity-to-hand effect) was also not expected. Perhaps, methodological differences are responsible. That is, contrary to studies
in which a proximity-to-hand effect was found (Tipper et al., 1992; Pratt & Abrams, 1994;
Keulen et al., 2002; 2003) in the present study the relative difference in ‘proximity to
hand’ between below and above distractors was rather small due to the large distance
to be covered (30 cm on average). When the relative difference in proximity is small, the
difference in interference between below and above distractors might also be small and
therefore not significant. This possibility is supported by our data showing a tendency
for more interference from below than above distractors (i.e., 11 vs. 8 ms, respectively);
however, this difference was not significant.
The present study showed that the selective reaching paradigm is yet another task
that is suitable to study the development of inhibitory processes with age. Moreover, it
might be useful for studying (child) psychopathology that has as a key symptom a problem
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overriding inappropriate thought and behaviors, for example Attention Deficit/Hyperactivity
Disorder (ADHD), Obsessive Compulsive Disorder (OCD), and Tourette’s syndrome. Performance
of patients suffering from these disorders should be compromised relative to age-matched
healthy controls, probably due to abnormalities in prefrontal cortex.

FOOTNOTES
1

We performed preliminary Analyses of Variance on reaction times and movement
times, one analysis including all participants, and one including only right-handed participants. Target Size and Distractor Presence were within-subject variables, Age was
between-subjects variable. As both analyses generated similar outcomes, we decided
not to exclude left-handers from any further analyses.
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In the current thesis we reported a series of experimental studies that sought to address
two main issues. First, the issue of how the independent variable “target-distractor separation” mediates the dominant frame of reference when reaching toward a target in the presence of a distractor. Second, the issue of whether the Visuomotor Processing Hypothesis as
an account of distractor effects in selective reaching can handle the pattern of distractor effects when relatively small target-distractor separations are involved.
In the current chapter, first an overview of the main findings of the present thesis is
presented. Then these findings are discussed in the context of the frames of reference
issue, and subsequently in the context of the Visuomotor Processing Hypothesis. In addition, the findings will be related to the recently proposed Planning-Control Model (Glover,
in press). Furthermore, we will identify some limitations of the present research and discuss possible directions for future research. This chapter will end with a conclusion.

Main Findings
In our studies participants always reached for a green target stimulus on a computer
screen while ignoring a simultaneously presented red distractor stimulus. In Chapter 2
target-distractor separation was varied, and the target (and distractor) was presented
either in foveal vision or peripherally. Results showed that movement time interference
was larger when the distractor was presented close to the target (i.e., target-distractor
separation = 5 mm) than when the distractor was further away (i.e., target-distractor
separation = 20 mm). Importantly, a proximity-to-hand effect materialized in the large
target-distractor separation condition, but not in the small separation condition. A spatial repulsion effect was also observed with the small target-distractor separation. That
is, movement endpoints were biased away from the location of the distractor. In
Chapter 3, target-distractor separation was varied within the compact constellation of
stimulus boxes that was used in the small-separation condition in Chapter 2. Again we
found a proximity-to-hand effect for the large, but not for the small target-distractor
separation. Thus, the actual distance between target and distractor appeared to be responsible for the dissociation between small and large target-distractor separation effects reported in Chapter 2. Again, the small target-distractor separation showed a
spatial repulsion effect. In Chapter 4 we repeated the first two experiments of Chapter 2,
and studied the kinematics of the selective reaching movements. The temporal locus of
the interference effect appeared to be dependent on the physical separation between
target and distractor. More specifically, when target and distractor were close together,
interference effects accrued mainly during the later stages of the response (i.e., during
the time spent after peak velocity), and there was no proximity-to-hand effect. However,
when target and distractor were further apart, the early stages of the response were affected (i.e., time spent before peak velocity), and there was a proximity-to-hand effect. In
Chapter 5, we used a single target location, and movements were either leftward or
rightward. Moreover, they were performed within ipsilateral or contralateral space,
either with the right or the left hand. Results showed that interference was less pronounced when performing leftward movements than when performing rightward
movements. This directional effect was independent of body-space and hand. The finding of less interference for leftward than rightward movements was interpreted in terms
of a left hemisphere superiority in processing feedback information for the on-line control of goal-directed movements. In Chapter 6, children from different age groups per-
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formed the selective reaching task. Results indicated that the susceptibility to interference from distracting stimuli decreased with increasing age.

Frames of Reference and the Visuomotor Processing Hypothesis
A most important and consistent finding in this thesis was that target-distractor separation mediated the pattern of interference in selective reaching. A large (i.e., 2 cm) target-distractor separation was associated with an asymmetric interference effect that
manifested itself in time to peak velocity. That is, time to peak velocity was lengthened
to a larger extent by a distractor that was located in between the start position of the responding hand and the target than by a distractor that was located beyond the target:
the proximity-to-hand effect. On the other hand, a small target-distractor separation
was associated with a symmetric interference effect (in time after peak velocity), indicating that distractors in between start and target and distractors beyond the target
lengthened time after peak velocity to the same extent. Another intriguing finding was
that more distractor interference occurred when performing a rightward target-directed movement compared to when performing a leftward target-directed movement.
The finding of an asymmetric interference effect with the large target-distractor
separation is consistent with an action-centered account of distractor interference in selective reaching. However, the action-centered frame of reference cannot account for
the symmetric interference effect observed when employing a small separation between target and distractor. The symmetric pattern of interference indicates that with
small target-distractor separations the relationship between target and distractor rather
than the relationship of the distractor with the starting position of the effector determines the degree to which the distractor interferes with target-directed reaching. Thus,
the action-centered frame of reference dominates performance in a selective reaching
task when the separation between target and distractor is large. When target-distractor
separation is small distractor interference is environment-centered in nature.
The Visuomotor Processing Hypothesis can account for asymmetric interference effects because distractors in between start and target and distractors beyond the target
differ with regard to how fast a movement toward their respective locations can be executed. However, this should imply that asymmetric interference effects are not restricted
to large target-distractor separations, but also apply to small target-distractor separations. That is, also with small separations between target and distractor, distractors in between start and target are closer to the start position of the hand than distractors beyond
the target, and should therefore interfere more. However, the spatial repulsion effect observed with the small target-distractor separation (i.e., movement endpoints were biased
away from the location of the distractor) suggests that with the small target-distractor
separation the pattern of distractor interference does not depend on the distractor’s
proximity to the start position, but on its spatial relationship with the target. Thus, it appears that the Visuomotor Processing Hypothesis does not necessarily generalize to situations in which target and distractor are in close spatial proximity.
As has been mentioned earlier, the Visuomotor Processing Hypothesis assumes that
the faster a movement can be made toward a location, the more a distractor at that particular location will interfere with reaching toward the target location. We observed that
the amount of distractor interference was smaller when performing leftward target-directed movements than when performing rightward target-directed movements. An ex-
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planation based on the Visuomotor Processing Hypothesis would require that rightward
movements are completed faster than leftward movements, regardless of the hand used
to respond. However, we did not find any evidence for that. Besides, even if we would
have observed such a rightward movement advantage, then this advantage would apply
not only to movements toward the distractor location, but also to movements toward the
target location. Thus, the Visuomotor Processing Hypothesis cannot account for the difference in distractor interference between leftward and rightward movements.
In sum, it appears that the Visuomotor Processing Hypothesis can account for distractor effects when the distractor affects the response toward the target in an early
stage, that is, when the target-directed movement is planned. However, when the distractor affects the on-line control of the ongoing movement toward the target, the
Visuomotor Processing Hypothesis cannot account for the observed pattern of interference. The observation that planning and control of target-directed movements are affected differently by the presence of a distractor is in accordance with the idea that
planning and control are separate stages of an action, both influenced by different
sources of visual and cognitive information.

The Planning-Control Model
Woodworth (1899) was among the first to propose a distinction between the planning and
control stages of action. In the Two-Component Model, Woodworth distinguished between an initial impulse phase and a current control phase. The initial impulse phase was
assumed to be under central control (i.e., planning), whereas the current control phase uses
feedback to adjust the movement on-line (i.e., control). Glover (in press) expanded on this
distinction, and included separate visual representations in each of these two stages of action. He therefore put forth the Planning-Control Model as an explanation for human action production. According to the Planning-Control Model, the planning of an action and
its on-line control are separate functions, implemented by different systems.
The purpose of the planning system is to select and initiate an adaptive motor program, given the environment and the goals of the actor. This is accomplished by taking
into account information regarding the environment and the actor. This information
can be classified into four categories: (1) the spatial characteristics of target and actor;
(2) the non-spatial characteristics of the target; (3) the overarching goal(s) of the action;
and (4) the visual context surrounding the target. Examples of spatial characteristics are
orientation, position, shape, and size. Non-spatial characteristics are fragility, function,
and weight. Overarching goals are associated with what goal the actor wants to attain
through performing a specific action. The visual context, finally, refers to for example
the presence of obstacles in the vicinity of the target.
The control system, on the other hand, is in charge of minimizing the spatial error of the
movement. This is accomplished by monitoring and adjusting motor plans in flight. This adjustment is limited to the spatial characteristics of the target and actor, as these are the most
likely to change or to be erroneously planned. Non-spatial characteristics, visual context, and
overarching goals are ignored during control. Thus, according to the Planning-Control
Model, distractors (which constitute the visual context in a selective reaching task) should affect only the planning stage of a movement, not the control stage, as the latter is assumed
to take into account exclusively spatial characteristics of the target and actor.
In this thesis we have shown that with a small separation between target and distrac-
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tor a spatial repulsion effect occurs. That is, spatial movement endpoints were biased
away from the location of the distractor. In other words, participants terminated their
movements within the prescribed target area so as to maximize the distance to the adjacent distractor. As this repulsion effect was small but consistent, and as it was limited to
the small target-distractor separation it is likely that the spatial repulsion effect reflects online control rather than planning processes. This observation is not damaging for Glover’s
model, but it does qualify one of its major assumptions (Adam & Keulen, submitted).

Limitations and Future Investigations
The results of the studies reported in this thesis have increased our insight into the
processes involved in and the factors influencing performance on selective reaching in
the presence of distractors. Nonetheless, more research on this topic is needed to resolve some issues that are still unclear. A few of these issues and their implications for
future research are discussed below.
In the present thesis we repeatedly found that when target and distractor were
spatially close together, movement endpoints were biased away from the location of
the distractor. However, it would be even more interesting to study movement trajectories. This is so because not only movement time consists of a pre-planned and an on-line
controlled portion, but also movement trajectory. Thus, movement trajectories are very
suitable for further studying the effect of target-distractor separation on the pattern
and locus of distractor interference. That is, with small separations the final (on-line controlled) part of the trajectory (including movement endpoint) should be altered by the
presence of a distractor, whereas with a large separation the initial (pre-planned) part of
the trajectory should be affected.
Distractor interference has been related with an inhibitory process directed toward
the distractor representation, and there is ample evidence suggesting that this inhibitory process subsides within specific portions of (pre)frontal cortex. However, the exact
locus of (pre)frontal activation has been shown to depend on the task that is used to investigate inhibitory control. Future investigation using neuro-imaging techniques is
needed to shed light on the specific areas of the (pre)frontal cortex that are involved in
inhibitory control during selective reaching in the presence of distractors.
In the studies described in this thesis, the temporal interference effects of distractors were restricted to movement times; reaction times were not negatively affected.
This finding is contradictory to selective reaching studies reporting interference effects
in both reaction times ánd movement times (e.g., Meegan & Tipper, 1998, 1999; Pratt &
Abrams, 1994). We already acknowledged that this lack of interference in reaction times
was most likely due to the fact that in our studies movement direction was constant and
known in advance, and the delay between pressing the start position and presentation
of the target was fixed. As a result, participants could make anticipatory responses in
that they could initiate a response before they actually distinguished the target from
the distractor. Selection of the target then took place after movement initiation rather
than prior to movement initiation, thus resulting in distractor interference occurring in
movement time and not in reaction time. In future research it might be interesting to increase both spatial ánd temporal uncertainty. Spatial uncertainty can be increased by
arranging the potential target locations in a way that each location is associated with a
substantially different movement direction. Temporal uncertainty can be increased by
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varying the temporal delay between pressing the start position and presenting the target. Increasing uncertainty will most likely result in movement initiation being postponed
until after selection of the target has taken place, this in order to prevent initiating a response toward the distractor instead of toward the target. This will allow for a differentiation between planning processes as indicated by reaction times on one hand and control
processes as indicated by movement times on the other.

Conclusion
The results reported in this thesis indicate that the presence of a distractor stimulus can
affect performance on a target-directed reaching task. More specifically, the results indicate that multiple frames of reference, rather than a single one, might mediate selective
reaching performance. In particular, an environment-centered frame of reference appears to be used when target and distractor are spatially close together. An environment-centered frame of reference is particularly effective in processing visual feedback
information regarding the position of the target, distractor, and the moving hand in the
later stages of the movement, that is, during time after peak velocity. An action-centered frame of reference, on the other hand, appears to guide performance when target
and distractor are spatially further apart. The present findings support the hypothesis
that the brain represents spatial information in multiple frames of reference, with the
dominant frame of reference being dependent on the task demands.
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SUMMARY
DISTRACTOR INTERFERENCE
IN SELECTIVE REACHING:
An Experimental Study
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Selective reaching refers to the activity of selectively moving the arm/hand system from a
start position to a specific object or location, while ignoring competing objects or locations (i.e., distractors) that are simultaneously present. A frequent finding in the study of
selective reaching is that when reaching for a target stimulus, response times (i.e., the
total of reaction time and movement time) are prolonged by the presence of a distractor
stimulus; this phenomenon is known as distractor interference. Furthermore, it has been
shown that, with large target-distractor separations, distractors located in between the
start and the target interfere more than distractors located beyond the target; this phenomenon is known as the proximity-to-hand effect. The proximity-to-hand effect has
been regarded as strong evidence for the hypothesis that selective reaching can take
place in an action-centered frame of reference, in which objects are coded relative to the
start position of the responding effector. In line with this view, the Visuomotor Processing
Hypothesis put forward by Meegan and Tipper (1999) attributes interference effects in
selective reaching to visuomotor competition from distractors, with distractors close to
the responding hand causing more competition and thus more interference than distractors further away. The main goal of the present thesis was to investigate further the planning and execution of selective reaching movements toward targets surrounded by
distractors in healthy young adults. Specifically, the focus was on the factor “distance between target and distractor” as a potent mediator of interference effects (Chapter 1).
Most studies on selective reaching have used rather large distances between target
and distractor, and have consistently reported that distractor interference is liable to a
proximity-to-hand effect. Consequently, selective reaching movements in the context
of large target-distractor separations have been assumed to operate within an actioncentered frame of reference. In Chapter 2 we systematically manipulated target-distractor separation and found a proximity-to-hand effect for large separations but not for
small separations. The finding that, with small target-distractor separations, the magnitude of distractor interference is independent of the distance between hand and distractor, is inconsistent with an action-centered frame of reference, but rather accords
with an environment-centered frame of reference. These results support the notion that
multiple frames of reference can be involved in selective reaching.
However, it is not clear whether the observed dissociation between small and large
target-distractor separation was attributable to the physical distance between target
and distractor (i.e., a distance account) or to the perceptual grouping of the individual
stimulus boxes (i.e., a grouping account). In Chapter 3 we sought to remove this potential confound by manipulating target-distractor separation within a fixed and close constellation of stimulus boxes. Results revealed that small target-distractor separations
were associated with an environment-centered pattern of distractor interference, whereas large separations were associated with an action-centered pattern of distractor interference. These findings were in line with a distance account of distractor interference and
refuted a grouping account.
The experiments reported in Chapters 2 and 3 indicated that distractor interference
accrued during movement time. However, movement time can be split up into two distinct phases, namely an time to peak velocity and a time after peak velocity. Whereas the
time to peak velocity is assumed to be the pre-planned portion of the movement, the
time after peak velocity is thought to be the feedback-controlled portion of the movement. In Chapter 4 we examined how target-distractor separation influences the kine-
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matics of selective reaching movements, and in particular the durations of the time to
peak velocity and the time after peak velocity of the movement. Again, results revealed
the critical role of target-distractor separation in determining interference effects. That
is, with small target-distractor separations, the distractor lengthened the duration of the
time after peak velocity, whereas with large target-distractor separation, the presence
of a distractor lengthened the duration of the time to peak velocity of the movement.
Hence, target-distractor separation is not only an important determinant of the dominant frame of reference, but also of the temporal locus of distractor interference in selective reaching.
Studies of selective reaching often differ with regard to the direction of the aimed
movement. In Chapter 5 we investigated the influence of the direction of the movement on the magnitude of distractor interference. There have been studies reporting an
advantage for leftward movements in right-handers performing target-directed reaching movements with their right hand. We sought to investigate whether this leftward
superiority extends to the susceptibility to distractor interference in selective reaching.
We compared rightward movements with leftward movements. Results showed that
leftward movements were less prone to interference from distracting stimuli compared
to rightward movements, which is in line with the notion of a left-hemisphere superiority
for processing feedback during the ongoing movement.
Distractor interference in selective reaching has been associated with inhibition,
because participants need to suppress or inhibit responding toward the distractor.
Furthermore, response inhibition has been suggested to subside in prefrontal cortex,
which has not fully matured until late adolescence. In Chapter 6, we examined distractor interference in children aged 7, 9, and 13 years old, and found that distractor interference to decrease with increasing age. This outcome fits with a continued maturation
of prefrontal cortex and improvement of inhibitory control throughout childhood.
In Chapter 7 we discussed the findings of the present thesis in the context of the
frame of reference issue and the Visuomotor Processing Hypothesis, and in the context
of theories of motor control.
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SAMENVATTING
DISTRACTOR INTERFERENTIE
IN SELECTIEVE REIKBEWEGINGEN:
Een Experimentele Studie
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Selectief reiken is het doelgericht bewegen van de hand naar een specifiek object of een
bepaalde locatie. Een consistente bevinding in de studie van selectieve reikbewegingen is
dat de aanwezigheid van een irrelevante (distractor) stimulus de responstijd (het totaal
van reactietijd en bewegingstijd) verlengt; dit fenomeen staat bekend als distractor interferentie. Bovendien is aangetoond dat distractoren gepositioneerd tussen start en doelwit
meer interfereren dan distractoren gepositioneerd voorbij het doelwit; dit fenomeen is
het proximity-to-hand effect. Het proximity-to-hand effect ondersteunt de hypothese dat
selectieve reikbewegingen plaats kunnen vinden binnen een zogenaamd “action-centered” referentiekader. Binnen dit referentiekader worden de locaties van objecten
gedefinieerd in relatie tot de startpositie van de responderende effector. De Visuomotor
Processing Hypothese, die door Meegan en Tipper (1999) is gepostuleerd, en consistent is
met het hiervoor genoemde action-centered referentiekader, stelt dat interferentieeffecten die optreden tijdens selectieve reikbewegingen toe te schrijven zijn aan zogenaamde visuomotorische concurrentie van distractoren, waarbij distractoren dichtbij de
responderende hand meer concurrentie veroorzaken dan distractoren verder weg. Het
voornaamste doel van het huidige proefschrift was om de planning en uitvoering van selectieve reikbewegingen naar doelwitten omgeven door distractoren verder te onderzoeken binnen een populatie van gezonde jongvolwassenen. De nadruk lag met name op
de factor “afstand tussen doelwit en distractor” als een belangrijke mediator van interferentie-effecten (Hoofdstuk 1).
In de meeste studies naar selectieve reikbewegingen zijn relatief grote afstanden
tussen doelwit en distractor gebruikt, en vertoonden de geobserveerde interferentieeffecten een proximity-to-hand effect. Dientengevolge werd aangenomen dat selectieve reikbewegingen in de context van grote doelwit-distractor separaties plaatsvinden
binnen een action-centered referentiekader. In Hoofdstuk 2 hebben we doelwit-distractor separatie systematisch gemanipuleerd en geconstateerd dat het proximity-to-hand
effect wel optreedt bij grote doelwit-distractor separaties, maar niet bij kleine separaties.
De bevinding dat met kleine doelwit-distractor separaties de omvang van de interferentie-effecten onafhankelijk is van de afstand tussen de hand en de distractor is niet in
overeenstemming met een action-centered referentiekader, daarentegen wel met een
zogenaamd “environment-centered” referentiekader. Deze bevindingen suggereren dat
meerdere referentiekaders een rol kunnen spelen tijdens selectieve reikbewegingen.
Echter, het was niet duidelijk of de waargenomen dissociatie tussen kleine en grote
doelwit-distractor separaties geconstateerd in Hoofdstuk 2 toe te schrijven was aan de
fysieke afstand tussen doelwit en distractor (d.w.z., een verklaring op basis van afstand)
of aan de perceptuele groepering van de potentiële doelwitten (d.w.z., een verklaring
op basis van groepering). In Hoofdstuk 3 hebben we deze potentiële confounder verwijderd door doelwit-distractor separatie te manipuleren binnen een vaste en nauwe constellatie van mogelijke doelwitten. De resultaten toonden aan dat kleine doelwit-distractor
separaties geassocieerd waren met een environment-centered interferentie-patroon, terwijl grote separaties geassocieerd waren met een action-centered interferentie-patroon.
Deze bevindingen zijn consistent met een verklaring op basis van afstand, en verwerpen
de verklaring op basis van groepering.
In de experimenten gerapporteerd in de hoofdstukken 2 en 3 trad distractor interferentie op tijdens de bewegingstijd. Bewegingstijd kan echter opgesplitst worden in
twee afzonderlijke fasen, namelijk de tijd vanaf de start van de beweging tot aan de maxi-
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male bewegingssnelheid en de tijd vanaf de maximale bewegingssnelheid tot aan het
eind van de beweging. De meeste onderzoekers veronderstellen dat de eerste fase vóór
aanvang van de beweging wordt geprogrammeerd, terwijl de tweede fase onder invloed
van feedback tijdens de beweging wordt gereguleerd. In Hoofdstuk 4 hebben we onderzocht hoe target-distractor separatie van invloed is op de kinematica van selectieve reikbewegingen, en dan met name op de duur van de twee eerdergenoemde fasen van
bewegingstijd. Wederom werd de kritieke rol van doelwit-distractor separatie in het
bepalen van interferentie-effecten aangetoond; terwijl bij kleine doelwit-distractor separaties de distractor de laatste fase van de beweging verlengt, wordt bij grote doelwitdistractor separaties de eerste fase van de beweging door de distractor verlengd. Gesteld
kan worden dat doelwit-distractor separatie niet alleen een belangrijke determinant is van
het heersende referentiekader, maar ook bepaalt wanneer in de beweging distractor interferentie optreedt.
Studies naar selectieve reikbewegingen verschillen vaak van elkaar wat betreft de
richting van de doelgerichte reikbeweging. In Hoofdstuk 5 hebben we onderzocht wat de
invloed is van bewegingsrichting op de omvang van het interferentie-effect. Sommige
studies rapporteren dat er voor rechtshandigen die met hun rechterhand bewegen een
voordeel bestaat voor bewegingen naar links. Wij hebben onderzocht of deze superioriteit
voor bewegingen naar links ook generaliseert naar een verminderde vatbaarheid voor distractor interferentie van doelgerichte bewegingen naar links vergeleken met bewegingen
naar rechts. De resultaten bevestigden deze hypothese. Deze uitkomst is consistent met een
superioriteit van de linker hersenhemisfeer in het verwerken van visuele feedback tijdens
de uitvoering van de beweging.
Distractor interferentie tijdens selectieve reikbewegingen wordt vaak geassocieerd
met inhibitie, omdat proefpersonen de neiging moeten onderdrukken om naar de distractor in plaats van naar het doelwit te bewegen. Bovendien wordt aangenomen dat respons
inhibitie in de prefrontaal-cortex gelokaliseerd is, en dit specifieke gedeelte van de cortex is
pas volledig gerijpt in een later stadium van de adolescentie. In Hoofdstuk 6 hebben we
distractor interferentie onderzocht bij kinderen in de leeftijd van 7, 9 en 13 jaar oud. We
stelden vast dat de omvang van het interferentie-effect afnam met toenemende leeftijd.
Deze bevinding past bij de progressieve rijping van de prefrontaal-cortex en de verbetering van de inhibitoire controle tijdens de jeugd en adolescentie.
In Hoofdstuk 7 hebben we de in dit proefschrift gerapporteerde bevindingen bediscussieerd in het licht van de verschillende referentiekaders, de Visuomotor Processing
Hypothese en een recente theorie van motor control.
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DANKWOORD
Het is vrijdagavond 13 februari (vrijdag de dertiende, dat is haast vragen om een dankwoord
waarin, naar later blijkt, allerlei mensen ontbreken die er wel een plekje in verdienen..............
bij deze alvast mijn excuses). Ik sta voor de moeilijke keuze een uiterst boeiende tv-avond
tegemoet te gaan met als trieste hoogtepunt ‘de leukste thuis’, of ik kan het dankwoord voor
mijn proefschrift gaan schrijven. De keuze is snel gemaakt.
In de eerste plaats wil ik Jos Adam bedanken. Jos, menig AIO zou zich een co-promotor
als jou wensen. Enthousiast, betrokken, deskundig, kritisch, motiverend, toegewijd. Ben ik
iets vergeten? Vast wel. Ik heb de afgelopen vier jaar heel veel geleerd. Niet alleen uit de
boeken, maar vooral ook uit onze werkbesprekingen. Je nam ruimschoots de tijd om me
op weg te helpen, bij te sturen, en zo nu en dan op te peppen als ik het spoor weer eens
bijster was. Je was geduldig maar hield tegelijkertijd de druk op de ketel als dingen langer
duurden dan noodzakelijk of wenselijk was. Maar het was vooral (en is nog steeds) een
plezier om met jou samen te mogen werken.
Geachte 1e Promotor Prof. Dr. Jolles, beste Jelle. Ik heb jouw begeleiding in de afgelopen
jaren zeer gewaardeerd. Het was vooral begeleiding op afstand, maar daarom niet minder
waardevol. Jouw kritische en deskundige blik op de manuscripten die ik je ter beoordeling
toestuurde is de kwaliteit ervan zeker ten goede gekomen. Bedankt dat je me in aansluiting
op mijn AIO-periode de gelegenheid hebt geboden de kennis die ik de afgelopen jaren heb
opgedaan toe te passen als onderzoeker binnen de afdeling neuropsychologie.
Geachte 2e Promotor Prof. Dr. Kuipers, beste Harm. Jouw begeleiding werd met name
gekenmerkt door het ongekend snel nakijken van de door mij geproduceerde schrijfsels.
Het is me echter na al die jaren nog steeds niet gelukt je te overtuigen van het feit dat de
manier waarop ‘wij’ (de functie-leerders) onze wetenschappelijke artikelen opbouwen
weliswaar substantieel anders maar beslist niet minder goed is dan de manier waarop ‘jullie’
(de fysiologen) dat gewoon zijn te doen.
Geachte leden van de beoordelingscommissie en de corona. Bedankt dat jullie ondanks jullie overvolle agenda’s tijd hebben willen vrijmaken om mijn proefschrift te lezen
en zitting te nemen in de corona.
Dear Martin, I truly enjoyed our cooperation over the last four years. Your contribution
to the papers I wrote has been of great value to me. I also enjoyed our walk in the Scottish
hills, especially because I managed to keep up with you despite of the fact that I was a
heavy smoker back then. Thank you for travelling all the way from Dundee to Maastricht for
the defence of my thesis.
Beste Dees, secretaresse (en zo veel meer dan dat.....) van de capgroep BW. Niet in de
laatste plaats dankzij jou heb ik het de afgelopen 4 jaar bij BW ontzettend naar m’n zin
gehad. Altijd vriendelijk, behulpzaam, en in voor een geintje. Bedankt voor alles!
M’n vaste lunch-groepje met daarin Désirée, Ellen, Harry, Jos, Lilian en Paul. Uitgaande
van gemiddeld 3 gezamenlijke lunches per week hebben jullie zo’n 600 keer moeten

130
aanzien hoe ik de ene na de andere vette hap wegwerkte, zonder ook maar een gram aan
te komen. Bedankt voor de gezellige lunches en de wandelingen die bij mooi weer de middagpauze aanzienlijk verlengden.
Reinout, kamergenoot gedurende het grootste gedeelte van mijn AIO-periode. Bedankt
voor de gezellige periode waarin we ons allebei wellicht regelmatig hebben afgevraagd waar
we in godsnaam aan waren begonnen. Maar het viel uiteindelijk alleszins mee, toch?
En dan waren er nog Eric, Esther, Frans, Fred, Gerard, Gerrit, Gert, Hans K., Hans S, Henk,
Jantine, Jons, Kenneth, Klien, Lars, Maarten, Marchel, Mireille, Olivier, Ronnie, Sofie en
Yvonne. Bedankt voor de gezelligheid en collegialiteit gedurende de afgelopen 4 jaar,
meestal op de capgroep, maar zo nu en dan ook op bowlingbanen, pool-tafels, ligfietsen, en
in restaurants, bierproeverijen en wijnboerderijen.
Stagiaires Tom, Gaby, Marieke en Floor, bedankt voor de gezellige samenwerking.
Bij een nieuwe capgroep hoort een nieuw lunchgroepje: Dick, Ellis, Elsa, Freddy, Lisbeth,
Martine, Pauline, Renate, Willemien, en Wim, bedankt dat jullie me ‘geadopteerd’ hebben.
John en Eric, jullie ongekende creativiteit en professionaliteit komen tot uiting in de
‘looks’ van dit proefschrift. Jullie hebben me enorm veel werk uit handen genomen, en
hebben het klaargespeeld om in relatief korte tijd een schitterend eindproduct af te leveren.
Bedankt hiervoor.
Hoe drukker ik het kreeg met m’n proefschrift, des te minder tijd bleef er over voor wat
écht belangrijk is: vrienden. Sommigen ‘achtervolgen’ me al sinds de middelbare school
(Hedwig, Manon en Simone), anderen ontmoette ik tijdens de studie (Marieke en Nicole). En dat
roken niet alleen slecht voor je is blijkt wel uit het feit dat ik zelfs in het rookhok vrienden heb
gemaakt (Anneke, Ilse, Petra en Tanja). En laat ik vooral de categorie ‘Tilburg en Omstreken’ niet
vergeten: Hans, Liesbeth, Frank, en Linsey. Ruud en Geranda, jullie zijn de verpersoonlijking
van het gezegde “beter een goede buur dan een verre vriend”. Weliswaar inmiddels geen
buren meer, maar nog steeds zeer goede vrienden. Sandra en Marloes, ik hoop dat we nog
vaak het “geen zin hebben om te koken” aangrijpen om te gaan uit eten. Bedankt allemaal
dat ik jullie tot mijn vriendenkring mag rekenen.
Een speciaal woord wil ik hier richten aan de drie vrouwen in mijn leven: Annette,
Isabelle en Marjolijn. De eerste twee zijn mijn paranimfen, de derde wordt mijn getuige
mocht ik ooit gaan trouwen (je weet het maar nooit.....).
Annette, nagenoeg vanaf de eerste dag dat we collega’s werden, waren we onafscheidelijk. We deelden samen heel veel, maar dat ik uiteindelijk ook mijn huisgenoot Harry met
je moest delen, wie had dat kunnen vermoeden. Maar het resultaat mag er zijn, getuige jullie twee prachtige kindjes Kieran en Tessa. Je bent voor mij van onschatbare waarde, en ik
ben dan ook vereerd dat je mijn paranimf wilt zijn.
Isa, ik had het niet beter kunnen treffen toen ik in 1997 het ouderlijk huis verruilde voor
het studentenhuis in Heugem. En dan doel ik niet op het huis, maar op jou en Matthias.
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Het klikte gelijk, en ook al word er zo nu en dan verhuisd (hetzij van de ene kant van Maastricht
naar de andere, hetzij van Maastricht naar Den Haag) we zijn mekaar gelukkig nog niet uit het
oog verloren. Isa en Matthias, bedankt voor jullie vriendschap en Isa, bedankt dat je me als
paranimf wilt bijstaan tijdens mijn promotie.
En dan Marjolijn. Samen in de eerste onderwijsgroep, samen BW gaan studeren, samen
keuze-onderwijs in Amsterdam gevolgd. Daarna scheidden onze wegen, tenminste op professioneel gebied alsook topografisch. Dit bleek echter geen belemmering te zijn voor onze
vriendschap, die bewezen heeft onder alle omstandigheden stand te houden. Ondanks dat
we mekaar niet al te vaak zien zou ik jou en Evert voor geen goud willen missen.
Lieve familie en schoonfamilie; pap, mam, Diana, Pieter, Petra, Jannika, Annabelle, Michel
en natuurlijk kleine Sara. Bedankt voor jullie steun en belangstelling de afgelopen jaren. En
ook voor jullie geduld, aangezien ik jullie dit boekje met de bijbehorende feestelijkheden
eigenlijk al voor september 2003 had beloofd. Gelukkig maar dat van uitstel niet altijd afstel
komt..........................
Lieve Sjoerd. Ik kan je voor van alles bedanken. Voor het editen van de grafieken in mijn
proefschrift, voor het bijna volledig overtypen van één van mijn artikelen (omdat ik zo nodig
wilde dat het er in m’n proefschrift exact hetzelfde zou uitzien als in het betreffende tijdschrift.................), voor de vele andere proefschrift-gerelateerde fröbelwerkzaamheden. Ik kan
je bedanken voor het lijdzaam aanhoren van mijn gezeur, mijn geklaag, en zo nu en dan
mijn gescheld als dingen niet zo liepen als ik zou willen dat ze liepen. Maar waar het eigenlijk
op neer komt is dat je er onvoorwaardelijk voor me bent, en dat nu al ruim vier jaar. ‘Bedankt’
lijkt me in deze context dan ook niet het juiste woord. Welk woord hier wel op z’n plaats is
weet ik ook niet. Wat ik wel weet is dat ik nooit meer anders zou willen.

132

CURRICULUM VITAE
Ron Keulen werd geboren op 2 januari 1975 in Sittard. In 1993 behaalde hij zijn Gymnasium diploma aan het College Sittard, het huidige Trevianum, te Sittard. In aansluiting
hierop ging hij Gezondheidswetenschappen studeren aan de Rijksuniversiteit Limburg, die
enkele jaren later werd omgedoopt tot Universiteit Maastricht. Hij volgde de biologische
differentiatie, en koos in het tweede jaar van zijn studie voor de afstudeerrichting Bewegingswetenschappen. Voor het verplichte keuze-onderwijs week hij uit naar de Vrije Universiteit te Amsterdam, alwaar hij van maart tot en met oktober 1996 enkele vakken bij de
Faculteit Bewegingswetenschappen volgde. Na enig oponthoud heeft hij zijn afstudeeronderzoek uitgevoerd bij de Capaciteitsgroep Bewegingswetenschappen van de Faculteit
der Gezondheidswetenschappen aan de Universiteit Maastricht. Onder begeleiding van
Dr. J. Adam heeft hij onderzoek gedaan naar de invloed van distractoren op de sturing en
uitvoering van doelgerichte bewegingen. In augustus 1999 is hij afgestudeerd, met in het
vooruitzicht de aanstelling als Assistent in Opleiding bij de Capaciteitsgroep Bewegingswetenschappen, die op 1 oktober van dat jaar van start ging. Het resultaat daarvan ligt nu
voor u in de vorm van dit proefschrift. Sinds 17 november van het vorig jaar is Ron werkzaam als onderzoeker binnen de Capaciteitsgroep Psychiatrie en Neuro-psychologie, eveneens aan de Universiteit Maastricht.

133

134

PUBLICATIONS

136

Publications

137

Adam, J. J., & Keulen, R. F. (in press). Commentary on Scott Glover: fMRI evidence for and behavioral evidence against the planning-control model. Behavioral and Brain Sciences.
Buekers, M. J., Adam, J. J., Keulen, R. F., & Ceux, T. (submitted). Is cyclical synchronization a matter
of controlling the reversal positions?
Keulen, R. F., Adam, J. J., Fischer, M. H., Kuipers, H., & Jolles, J. (2002). Selective reaching: evidence
for multiple frames of reference. Journal of Experimental Psychology: Human Perception and
Performance, 28(3), 515-526.
Keulen, R. F., Adam, J. J., Fischer, M. H., Kuipers, H., & Jolles, J. (2003). Distractor interference in selective reaching: dissociating distance and grouping effects. Journal of Motor Behavior, 35(2), 119-126.
Keulen, R. F., Adam, J. J., Fischer, M. H., Kuipers, H., & Jolles, J. (in press). Selective reaching: distractor
effects on movement kinematics as a function of target-distractor separation. Journal of General
Psychology.
Keulen, R. F., Adam, J. J., Fischer, M. H., Kuipers, H., & Jolles, J. (submitted). Distractor interference
in selective reaching: a developmental study.
Keulen, R. F., Adam, J. J., Fischer, M. H., Kuipers, H., & Jolles, J. (submitted). Distractor interference
in selective reaching: effects of movement direction and type of movement.

138

