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Grasping a Fruit: Selection for Action

Umberto Castiello
Universitd di Bologna and European Medical Center

This study used a natural task, with no emphasis placed on speeded responses, to investigate
unconscious information processing. Using the ELITE system, a kinematic analysis was
performed of the upper limb reach-to-grasp movement. Nine experiments explored how the
presence of distractors affects the transport and grasp component of this movement. Exper-
iment 1 showed that the kinematics for grasping apples, mandarins, cherries, and bananas
were measurably different. Experiments 2A-D, 3, and 4 showed that these kinematics were
not affected by the presence of nearby distractor fruits of either the same or a different kind.
In Experiment 5, interference effects became evident when participants were required to
perform a subsidiary task involving the distractor (counting the number of times a laterally
placed fruit was illuminated). Experiment 6, requiring both grasping a target fruit and
counting the number of times that this fruit was illuminated, revealed no interference effects.
Taken together, these results suggest that selection for action does not involve substantial
passive processing of distractors. However, dual-action processing of simultaneously pre-
sented objects does appear to involve automatic processing of even the task-irrelevant
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properties of the distractor.

How does the central nervous system direct attention to
one object among several and generate the limb movements
necessary to grasp and manipulate this selected object? In a
typical visual scene, many objects of different shapes, col-
ors, and textures impinge on the retina. People cannot make
an eye or a limb movement to all of these objects at any one
moment,. It is also presumably difficult to specifically attend
to more than one or two relevant objects at a time. Much
unwanted information must be processed. The first stage in
this processing is the figure—ground segmentation, where,
in a largely automatic manner, figures are distinguished
from their background (Baylis & Driver, 1993). However,
even after operation of this segmentation, the visual scene
remains very complex because of its many different figures.
Thus, a second stage of object feature selection is necessary.
Attention is thought to operate at this second stage, selecting
one or two objects at a time (Wise & Desimone, 1988). This
operation of selecting part of simultaneous sources of in-
formation, by enhancing the processing of some objects,
suppressing information from others, or both, is tradition-
ally referred to as selective attention (Johnston & Dark,
1986; for a review, see Theeuwes, 1993). Of course, this
does not mean that this is the only possible role of attention.
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Indeed, in order to minimize response-interference effects,
it has been proposed that information about irrelevant stim-
uli, possibly including information for potential motor pro-
grams that interact with these stimuli, should be effectively
decoupled or isolated from the control of particular actions
(Allport, 1980, 1987, 1989, 1993). In any case, it is clearly
difficult to establish whether or what kind of processing of
irrelevant stimuli occurs.

Allport (1987) defined one aspect of the selective inte-
gration problem as “selection-for-action.” For example,
when a person is choosing a piece of fruit from a bowl,
many fruits are visible and within the reaching space, but
only the one that the person would like to pick up governs
the particular pattern and direction of movement. How is the
motor output for reaching and grasping that particular fruit
selected? Where is the locus of this selection? Is selection at
an early or a late stage of processing (e.g., Bundesen, 1990;
Duncan, 1987; Johnston & Dark, 1986; Kahneman &
Treisman, 1984)? Do the other fruits, different in size,
shape, color, and weight, produce interference? Is there a
role played by selective attention in coding all characteris-
tics of the correct grasping module? Perhaps there is a
central attentional system that supports the entire computa-
tion (Norman & Shallice, 1986). Alternatively, attentional
functions may be of many different kinds, serving a large
range of different motor computational purposes (Allport,
1993).

Recently, Tipper, Lortie, and Baylis (1992) suggested that
for an action such as selective reaching to a target with
nearby distractors, attention accesses an action-centered in-
ternal representation. They found significant interference
only if the distractor was on or near the hand trajectory to
the target. It was as if such distractors acted as potential
obstacles when the target was being reached for. Tipper et
al. (1992) proposed that because the distractors cannot be
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excluded from the computation, “motor programs for the
distractors are also specified in parallel” (p. 903) and that
this produces interference effects of which we are rarely
aware. Such a view suggests that the brain must often
consider multiple, simultaneous, and conflicting motor sig-
nals before it is able to execute the correct program for a
determined target stimulus (Goldberg & Segraves, 1987).
The first aim of the present study was to determine at what
point attentional mechanisms act for motor output selection.
For example, they may act before movement initiation to
exclude a priori the competing object and distractor motor
outputs. Alternatively, the effect of competition between the
target object and the distractors may be inevitable and
constant. From the computational point of view, this could
lead to kinematic modifications of the motor output required
for the reach to grasp a specific object interspersed among
others. In other words, if there is an attentional process in
choosing the correct motor output, then experimental ma-
nipulations that influence selective attention (e.g., set size)
might also influence movement kinematics.

The current study used six main experiments to explore
the mechanisms of selection-for-action planning and execu-
tion. Distractor techniques were used, and visuospatial at-
tentional modules were manipulated. In the first four exper-
iments, null effects were found; that is, no interference
occurred with the presentation of distractor objects. How-
ever, the positive results that emerged in Experiment 5, as
opposed to those in Experiment 6, indicate that covert
attentional mechanisms appear to be relevant for object-
related motor output selection.

Experiment 1

Jeannerod (1981, 1984) described two main components
for the reach-to-grasp movement. The transport component
is the reaching movement required to bring the hand to the
object to be grasped. The manipulation component is the
movement required to grasp the object for such functions as
manipulation, identification, and use. Previous studies
(Castiello, Bennett, & Mucignat, 1993; Castiello, Bennett,
& Paulignan, 1992; Castiello, Bennett, & Stelmach, 1993;
Castiello & Jeannerod, 1991; Gentilucci et al., 1991) have
already demonstrated that the kinematics of both of these
components change according to the type of grasp adopted.
These differences were found with a comparison between
precision grip and whole-hand prehension.

Many authors (Allport, 1987, 1993; Neumann, 1987;
Wise & Desimone, 1988) have used the example of picking
up an apple to speculate about how selection mechanisms
allow parameterization for grasping a certain fruit that is
positioned among others. The aim of the current experiment
was to provide baseline kinematic data for the reach to grasp
of an apple as well as of different fruits. Participants were
asked to reach out and grasp an apple, a mandarin, a cherry,
or a banana. The use of a variety of fruits, and thus of a
variety of grasps, allowed a more complete description of
the kinematic changes and selection according to grasp type.
For example, the grasp used for a banana is clearly different

from that used for an apple. Differences at the kinematic
level can be used as a parameterization index of selection
for action. This allows kinematic comparisons across ex-
periments and thus of the interference effects produced
when other fruits or distractors are presented (Experiments
2-6).

Method

Participants

Eight students (4 women and 4 men, aged 18-32 years) volun-
teered to participate in this experiment. All were right-handed
according to the Edinburgh Inventory (Oldfield, 1971), reported
normal or corrected-to-normal vision, and were unaware of the
purpose of the experiment. Each participant attended one experi-
mental session of approximately 0.5-hr duration.

Apparatus and Materials

The experiment was conducted under normal lighting condi-
tions. Details of the experimental setup are shown in Figure 1. The
participant was seated in front of the table working surface (1 m X
1 m). Prior to each trial, the participant placed his or her right hand
on the table in the midsagittal plane, 15 cm from the thorax. In this
position, the shoulder was flexed (5-10°), the elbow was flexed,
the forearm was semipronated, and the wrist was in 10-15° of
extension. The index finger and the thumb were held gently
opposed, and the ulnar border of the hand rested on a pressure-
sensitive starting switch. A single piece of fruit (apple, mandarin,
cherry, or banana) was presented on a tray so that the fruit was 30
cm from the starting position. The position of the fruit was central
(midsagittal plane), ipsilateral (20° to the right of the central fruit),
or contralateral (20° to the left of the central fruit). The alignment
of these fruits is shown in Figure 2A. Each fruit could be gently
highlighted by a spotlight positioned 1.8 m above the table. Except
for the single piece of target fruit, no other fruits were positioned
upon the working surface. The order of presentation according to
type of fruit and its position was counterbalanced across partici-
pants. The fruit was present, and thus visible to the participants, for
at least 10 s prior to trial onset.

Reflective passive markers (0.25 cm in diameter) were attached
to the following points of the reaching limb: (a) wrist—radial
aspect of the distal styloid process of the radius, (b) index finger—
radial side of the nail, and (¢) thumb—ulnar side of the nail.
Movements were recorded with the ELITE system (Ferrigno &
Pedotti, 1985). This system consisted of two.infrared cameras
(sampling rate 100 Hz) inclined at an angle of 30° to the vertical
and placed 3 m in front of the table and 3 m apart. The calibrated
working space was a paralielpiped (60 cm long X 30 cm wide X
60 cm high) from which the spatial error measured from stationary
and moving stimuli was 0.04 mm. Calibration was performed
using a grid of 25 markers (§ X 5). The centroid of each marker
was placed 15 cm from that of another. Using the procedure of
Haggard and Wing (1990; see also Wing, 1993), the mean length
of a bar with two markers attached 15 cm apart, as reconstructed
from the ELITE data, was 14.70 cm (SD = 0.22 cm). Coordinates
of the markers were reconstructed with an accuracy of V5,000 over
the field of view and sent to a host computer (PC 386). The
standard deviation of the reconstruction error was Y5000 for the
vertical (Y) axis and 45000 for the two horizontal (X and Z) axes.
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Procedure

A warning signal (880 Hz; duration of 250 ms) was given at a
randomized time from 500 to 2,000 ms prior to highlighting of the
fruit; this variability was to reduce expectancy effects. As soon as
the fruit was highlighted, the participant was required to reach,
grasp the fruit, and bring it to the starting position. In order to
promote a natural movement, no instructions were given as to the
speed of responding to illumination, the velocity of movement, or
the type of grasp to adopt. Each participant performed 5 practice
trials in the same manner as the subsequent block of 10 trials for
each fruit type. In both the practice and experimental trials, all
participants used grasp types that changed according to the fruit. A
whole-hand prehension involving all digits and the palm was used
to grasp the apple. A small whole-hand prehension, whereby there
was not as much contact with the palm, was used for the mandarin.
A precision grip between the index finger and the thumb was used
to grasp the cherry, and a clench-type grasp, whereby the fingers
hooked the fruit in opposition to the thumb, was used for the
banana.

Data Processing

The ELITE processing package was used to assess the data. This
gave a three-dimensional reconstruction of the marker positions.
The data were then filtered using a FIR linear filter with a transi-
tion band of 1 Hz (sharpening factor = 2; D’ Amico & Ferrigno,
1990, 1992). The transport component was assessed by analyzing
the trajectory, the velocity, and the acceleration of the wrist
marker. The manipulation component was assessed by analyzing
the trajectory of each of the hand markers and the distance between
these two markers. The velocity of the opening and closing of the
digits was also assessed. Movement initiation time, so-called be-
cause no emphasis was placed on making a rapid response, was
taken from release of the starting switch. The end of the movement
was taken as the time when the fingers closed on the fruit and there
was no further change in the distance between the index finger and
the thumb. The period following the end of the movement,
whereby the fruit was brought to the starting position, was not
assessed. The dependent variables were initiation time; movement
duration; for the transport component the times to peak velocity,

Details of the experimental setup.

peak acceleration, and peak deceleration of the wrist marker and
the amplitudes of these peaks (amplitude peak velocity, amplitude
peak acceleration, and amplitude peak deceleration, respectively);
and for the manipulation component, the times to peak grip aper-
ture and peak grip velocity, the amplitudes of the aperture and
velocity peaks, and specification of the index finger for precision
grip (specification time). This latter parameter refers to the time at
which the index finger deviates from the more ulnar digits for
specification of precision grip (break detection algorithm;
Castiello, Bennett, & Stelmach, 1993).

Results and Discussion

The means for each of these variables were determined
for each block of trials. In order to compare kinematic
temporal data of this experiment with those of the following
experiments, each temporal value was also calculated as a
percentage of movement duration. These data were ana-
lyzed using an analysis of variance (ANOVA) whereby the
within-group variables were type of fruit grasp (precision
grip, clench, small whole-hand prehension, or whole-hand
prehension) and position (central, ipsilateral, or contralater-
al). Where necessary, significant effects were further as-
sessed using the Newman-Keuls test for pairwise compar-
isons between means (5% significance level). Regression
analyses were used to determine correlations between
temporal events of the manipulation and transport compo-
nents. The Fisher’s Z transformation of data was used for
homogeneity of variance and to counteract any nonnormal
distributions.

Absolute and, where relevant, relative values are reported
in Table 1. Given the simplicity of the task, performance
errors when reaching to grasp the fruits, such as an incorrect
homing phase or missing the target, were rare (<1%) and
were not analyzed. The pattern of results obtained for ini-
tiation time and for both the transport and manipulation
components resembled that of other reach-to-grasp move-
ment studies (Jeannerod, 1981, 1984) and that of more
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Figure 2. A: Example of the position of the fruit in Experiment
1. Arrows indicate that the fruit could also be positioned on the
right or the left of the tray. B: Example of the positions of the fruits
in Experiment 2A for the compatible distractor condition. C:
Example of the positions of the fruits in Experiment 2A for the
incompatible distractor condition.

recent studies in which different types of grasp were used
(Castiello, Bennett, & Mucignat, 1993; Castiello et al.,
1992; Castiello, Bennett, & Stelmach, 1993; Gentilucci et
al., 1991). Initiation time did not change according to fruit
type. Movement duration was longer when participants
were reaching for the cherry (precision grip) than when they
were reaching for the apple (whole-hand prehension), and
the values for the reach to grasp of the mandarin and the
banana were intermediate, F(3, 21) = 43.54, p < .0001.
That is, the movement was longest for the smallest fruit. For
the transport component (see Figure 3), the velocity curves

were consistently bell-shaped. The peak of this profile was
reached at approximately 40% of the movement, and the
duration of the deceleration phase (from peak velocity to the
end of the movement) was related to the type of grasp
adopted. This phase was longest for the cherry (precision
grip), and it showed progressively decreasing values for the
mandarin (small whole-hand prehension), the banana
(clench), and the apple (whole-hand prehension), respec-
tively: absolute F(3, 21) = 31.04, p < .0001, and relative
F@3, 21) = 28.02, p < .0001. The times of wrist peak
acceleration and deceleration were approximately 26% and
61% of the movement, respectively, and showed no differ-
ences according to fruit type. However, the amplitudes of
the velocity, acceleration, and deceleration peaks were all
greater for the apple (whole-hand prehension) than for the
other fruits: F(3, 21) = 22.04, p < .0001 for amplitude peak
velocity; F(3, 21) = 18.03, p < .0001 for amplitude peak
acceleration; and F(3, 21) = 18.06, p < .001 for amplitude
peak deceleration (see Figure 3). These results for the trans-
port component are consistent with those from previous
studies (Castiello, Bennett, & Mucignat, 1993; Castiello et
al., 1992; Castiello, Bennett, & Stelmach, 1993; Gentilucci
et al., 1991; Jeannerod, 1981, 1984; Marteniuk, Leavitt,
MacKenzie, & Athenes, 1990). The length of the decelera-
tion phase is generally related to accuracy and precision
requirements of the task. Therefore, it was not unexpected
that this phase would be longest for the fruit (cherry) that
required a more precise grasp. Similarly, speed of move-
ment generally shows an inverse relationship to task preci-
sion. Thus, movement velocity was greatest for the fruit
requiring the more gross grasp (apple).

The position variable showed no significant effects; that
is, apart from direction differences, the kinematics did not
change according to whether the fruit was placed centrally,
ipsilaterally, or contralaterally. In particular, movement du-
ration showed no difference according to the ipsilateral—
contralateral position. This result is not in accordance with
those of Fisk and Goodale (1985), who found that reaching
to ipsilaterally placed objects tended to be faster than reach-
ing to contralaterally placed objects. However, invariance of
movement duration has previously been observed for com-
plex movements executed without enforced time con-
straints. Viviani and Terzuolo (1980), for instance, showed
that writing the same letter at different sizes was achieved
by simply changing the tangential velocity of the writing
movement without changing its duration. Prehension move-
ments such as those studied here and by Jeannerod (1984)
appear to belong to this category.

The results for the manipulation component were in ac-
cordance with those from previous studies of reaching to
grasp objects of different sizes (see Figure 3). Peak grip
aperture was earlier for the more precise grasps: absolute
F(3, 21) = 28.16, p < .001, and relative F(3, 21) = 22.13,
p < .001. It occurred, for example, at 52% and 63% of
movement duration for the cherry (precision grip) and the
apple (whole-hand prehension), respectively. The amplitude
of maximum grip aperture was also directly related to fruit
size, being greater for the apple than for the banana, the
mandarin, and the cherry, respectively, F(3, 21) = 77.14,
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Table 1

CASTIELLO

Initiation Times, Movement Durations, and Kinematic Values (Absolute and Relative)
for the Different Types of Fruit in Experiment 1

Apple Banana Mandarin Cherry
Variable M SO M SO M SD M SD
Initiation time (ms) 380 31 390 38 391 35 387 40
Movement duration (ms) 740 80 784 81 764 83 825 94
Transport component
Time to peak velocity (ms) 302 27 312 33 309 27 320 29
% 41 5 40 5 40 3 39 4
Time to peak acceleration (ms) 193 21 213 27 200 19 218 25
o 26 2 27 1 26 3 26 3
Time to peak deceleration (ms) 452 51 471 49 448 50 512 52
% 61 5 60 7 59 7 62 9
Deceleration time (ms) 438 48 472 50 455 49 505 52
% 59 6 60 7 59 6 61 7
Amplitude peak velocity (mm/s) 753 88 728 75 703 74 672 69
Amplitude peak acceleration (mm/s?) 7,124 840 7,088 712 6918 712 6,425 650
Amplitude peak deceleration (mmy/s?) 6,845 732 6,669 680 6,728 812 6,112 784
Manipulation component
Specification time (ms) 224 28
% 27 3
Time to maximum grip aperture (ms) 470 50 458 48 467 53 435 44
% 63 6 59 6 59 6 52 5
Amplitude grip aperture (mm) 110 5 74 7 68 7 55 6

p < .0001. For 5 of the 8 participants, significant positive
correlations were found between the time to peak grip
aperture and the time to peak deceleration (ps < .05).
Again, this finding fits with previous results of temporal
couplings between the transport and manipulation compo-
nents. Note that previous studies have demonstrated that
this coupling is flexible (Castiello, Bennett, & Stelmach,
1993). It may or may not be present for different partici-
pants, and it also shows variability according to the reach-
to-grasp task performed by a given participant.

Experiment 2A

The results from Experiment 1 indicate that the kinemat-
ics of the reach-to-grasp movement change according to the
dimension and the shape of the fruit. In this second exper-
iment, the influence of interference effects (W. O. Shaffer &
LaBerge, 1979; Stroop, 1935; Underwood, 1976) on these
different movement kinematics was investigated by present-
ing the participant not only with the fruit that should be
grasped but also with fruits in the immediate vicinity. Tip-
per et al. (1992) previously suggested that competing dis-
tractors appear to be analyzed to at least a semantic level
and that there is a consequent effect on the computation of
related motor programs (Keele, 1981). This line of reason-
ing suggests that the presence of distractor fruits within the
work space should add to the computational difficulty with
resultant effects on movement kinematics. Experiment 2A
investigated such interference effects in two ways. In one,
participants were required to grasp a piece of fruit presented
on a tray with other fruits of the same type. For example, an
apple was presented with other apples. Thus, competition
effects on kinematics should emerge only with respect to the
location of the fruit rather than with respect to the choice of

a reach-to-grasp movement pattern. In the second mode for
assessing interference effects, the fruit to be grasped was
presented among fruits that differed in color, shape, and
size. For example, an apple was presented with a banana. It
could be postulated that the interference effects in this case
would differ from those whereby all fruits were the same.
Experiment 1 demonstrated that each fruit in the visual field
requires its own specific kinematic patterning. The addi-
tional computations involved for selecting only one from
these different patternings could result in interference ef-
fects on the finally executed motor output for the target
fruit.

Method

Participants

Eight students (4 women and 4 men, aged 22-30 years) volun-
teered to participate; none had participated in Experiment 1. They
showed the same general characteristics as the participants in
Experiment 1. Each participant attended one experimental session
of 1-hr duration.

Apparatus and Materials

The apparatus and the materials were the same as those de-
scribed in Experiment 1. The difference was that a number of
fruits, rather than only one piece of fruit, were presented for each
trial. Examples of the two different arrangements are shown in
Figures 2B and 2C. In one arrangement, the fruit to be grasped was
presented with fruits of the same type (compatible distractors). In
the other arrangement, it was presented with fruits of differing
types (incompatible distractors). The laterally placed fruits were at
an angle of 10-20° from the central fruit (note that no effects of
position were found in Experiment 1). Under a no-distractor con-
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Figure 3. Velocity, acceleration, and grip aperture profiles of a
single movement for each of the fruit types.

dition, the piece of fruit to be grasped was presented without
distractors. In both cases, the distance between the starting position
and each piece of fruit in the semicircular array was 30 cm. In all
cases of differing fruit types, the height of each piece of fruit was
adjusted (using an adjustable platform) so that the tops of all fruits
were along the same plane. This leveling was to prevent jumps in
the trajectories.

Procedure

In most respects, the procedure was the same as that described
in Experiment 1. A warning tone was given, and when the target
fruit became highlighted, the participant was required to reach for
and grasp the fruit and bring it back to the starting position. The
target fruit that was highlighted was central, ipsilateral, or con-

tralateral. For each target fruit, a minimum of 7 trials was required.
Thus, in the no-distractor condition, the participant reached seven
times for an apple placed ipsilaterally, seven times for an apple
placed contralaterally, and seven times for an apple placed cen-
trally. The same conditions applied for the other three fruit types;
the total number of no-distractor trials was 84. Under the compat-
ible distractor condition, the participant again reached seven times
to each type of fruit in each of the three positions shown in Figure
2B. This gave a total of 84 compatible distractor trials. Under the
incompatible distractor condition, four pieces of fruit (one apple,
one mandarin, one banana, and one cherry) were displayed (see
Figure 2C). One was the target fruit, which was in any of the four
positions. The other three pieces acted as distractors. Overall, there
was a total of 96 possible target—distractor fruit combinations.
With the provision that each type of fruit was the target for at least
3 combinations, 20 combinations were pseudorandomly chosen.
The participant was required to perform 7 trials for each of these
chosen combinations, giving a total of 140 incompatible distractor
trials. The order of trial presentation according to distractor con-
dition (no distractor, compatible, or incompatible) was counterbal-
anced across participants. The order of the various combinations
for each condition was randomized. From trial to trial, the presen-
tation was changed. Experimentation continued until the required
number of trials had been performed.

Results and Discussion

The means for initiation time, movement duration, and
the kinematic parameters of each component were com-
puted. The variables analyzed were distractor condition
(compatible, incompatible, or no distractor), type of fruit
grasp (precision grip, clench, small whole-hand prehension,
or whole-hand prehension), and position of the grasped fruit
in relation to the participants position (central, ipsilateral, or
contralateral). The statistical methods that were used were
the same as those described in Experiment 1. Results for the
same type of fruit presented in isolation were compared
with those obtained in Experiment 1.

Values are reported in Table 2. The incidence of errors
was low (<1%); thus, they were not analyzed. The most
noticeable finding was that for initiation time, movement
duration, and all the kinematic variables analyzed, no sig-
nificant results were found except for a greater variability of
maximum grip aperture for some participants under the
incompatible distractor condition (see the standard devia-
tions in Table 2). To measure whether this variability varied
across conditions, the transform method of O’Brien (1981)
was used to test the trial-to-trial variability. No significant
effects were found. An additional ANOVA comparing ini-
tiation time, movement duration, and kinematic values ob-
tained in Experiments 1 and 2A for the same fruit presented
in isolation showed no significant effects. However, the 6
participants in Experiment 2A were slower than those in
Experiment 1. These prolonged movement durations in Ex-
periment 2A were confined to the participant population of
this experiment. In all of the other experiments (2B, 2C, 2D,
3, 4, 5, and 6) of the current study, such longer movement
durations were not found. This finding suggests that a
longer movement duration does not reflect an alteration in
strategy in response to the presence of a distractor.

Overall, these results demonstrated that initiation time,
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Table 2
Data (Collapsed for Fruit Type) for the Three Different Distractor Conditions in
Experiment 2A
No Compatible  Incompatible
distractor distractor distractor
Variable M SD M SD M SD
Initiation time (ms) 383 37 378 35 365 37
Movement duration (ms) 856 88 847 83 861 85
Transport component
Time to peak velocity (ms) 354 28 342 31 360 35
% 41 5 40 5 41 4
Time to peak acceleration (ms) 230 21 222 25 235 24
% 26 2 26 3 27 2
Time to peak deceleration (ms) 532 56 523 53 536 54
% 62 7 61 7 62 5
Deceleration time (ms) 502 53 505 55 501 53
% 58 6 59 7 58 6
Amplitude peak velocity (mmy/s) 561 64 584 65 548 62
Amplitude peak acceleration (mm/s?) 6,473 633 6,588 641 6,325 632
Amplitude peak deceleration (mm/s) 6,280 624 6,340 655 6,125 649
Manipulation component
Specification time (ms)® 233 26 248 25 239 25
%"* 25 2 26 3 27 3
Time to maximum grip aperture (ms) 510 53 495 51 514 55
59 6 58 6 59 5

0
Amplitude grip aperture (mm)

76 7 74 8 77 16

2 Only for cherries.

movement duration, and the movement kinematics of a
reach-to-grasp movement were not obviously influenced by
distractor fruits in the immediate vicinity of the fruit to be
grasped. This finding suggests that parameterization for
action is essentially predetermined and not subject to pas-
sive interference effects during the premovement and move-
ment phases. Such a result is in agreement with previous
studies (Chieffi, Gentilucci, Allport, Sasso, & Rizzolatti,
1993; Tipper et al., 1992) that have demonstrated that when
distractors are not on the route between the hand starting
position and the target, no interference effects are found.

Experiment 2B

To further verify the results from Experiment 2A, the
distractor was presented along the hand trajectory (Tipper et
al.,, 1992) in this experiment.

Method

Participants

Eight students (4 women and 4 men, aged 22-30 years) volun-
teered to patticipate; none had participated in Experiment 1 or 2A.
They showed the same general characteristics as the participants in
Experiments 1 and 2A. Each participant attended one experimental
session of 1.5-hr duration.

Apparatus and Materials

The apparatus and the materials were the same as those de-
scribed in Experiment 1. In a no-distractor condition, the fruit to be
grasped was presented alone. In a compatible distractor condition,

the fruit to be grasped was presented with fruits of the same type,
whereas in the incompatible distractor condition, it was presented
with fruits of differing types. Three pieces of fruit were placed
between the starting switch and the target at 7.5 cm, 15.0 cm, and
22.5 cm from the target fruit (see Figure 4).

Procedure

In most respects, the procedure was the same as that described
in Experiment 1. A warning tone was given, and when the target
fruit became highlighted, the participant was required to reach for
and grasp the fruit and bring it back to the starting position. The
target fruit was always placed centrally and at the 30-cm position.
For each compatible arrangement (n = 4), 7 trials were performed
for each target fruit (N = 28). For each incompatible arrangement
(n = 24), 7 trials were performed for each target fruit (N = 168).
There were 7 experimental trials for each target fruit in the no-
distractor condition. The order according to distractor condition
(compatible, incompatible, or no distractor) was counterbalanced
across participants. The order of the various combinations for each
condition was randomized. From trial to trial, the presentation was
changed.

Results and Discussion

Only the mean for the initiation time parameter was
computed. The variables analyzed were distractor condition
(compatible, incompatible, or no distractor), type of fruit
grasp (precision grip, clench, small whole-hand prehension,
or whole-hand prehension). The statistical methods that
were used were the same as those described in Experiments
1 and 2A. Kinematic analysis was not performed because
the aim of this experiment was to further test whether
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Figure 4. Example of the position of the fruit in Experiment 2B
for the incompatible distractor condition.

interference effects are related to object distractor position
as suggested by Tipper et al. (1992). In addition, because the
distractor objects were positioned along the hand path, the
necessary trajectory jumps would obviously lead to kine-
matic differences.

Values are reported in Table 3. The incidence of errors
was low (<1%); thus, they were not analyzed. Most notice-
ably, no significant results were found for initiation time in
relation to distractor condition. That is, even when a dis-
tractor was on the trajectory path, movement initiation time
was not affected. A possible explanation for the difference
between this study and that of Tipper et al. (1992) is that the
latter researchers measured reaction time as opposed to
movement initiation time. In the current study, I aimed to
assess movement initiation and performance under typical
behavioral conditions and thus placed no emphasis on the

Table 3
Initiation Times (in Milliseconds) for Different Types of
Fruit for the Distractor Conditions in Experiment 2B

No Compatible  Incompatible
distractor distractor distractor
Fruit M SD M SD M SD
Apple 337 29 341 37 335 38
Banana 342 35 337 34 338 36
Mandarin 338 30 345 35 340 36
Cherry 352 36 348 29 345 30

speed of response. In contrast, the participants in Tipper et
al.’s study were required to respond as quickly as possible.
Experiment 2C was thus conducted to determine whether
placing more emphasis on promptly initiating the movement
would reveal interference effects.

Experiment 2C

Even though the main goal of the previous experiments
was to investigate typical behavioral requirements, it was of
some interest to ascertain whether different instructions for
movement initiation would reveal interference effects.
Thus, in the present experiment, reaction time, rather than
the unstressed initiation time, was assessed. I asked whether
effects would be revealed because the reach was initiated as
quickly as possible (Tipper et al., 1992). In such a speeded-
response paradigm, would the need to inhibit the influence
of a distractor object become evident?

One aim of this experiment was to compare the results
from a distractor experiment, designed to parallel those in
the literature that have incorporated a speed-instructed sit-
uation, with the results from a more ecologically valid
situation. In this way, I hoped that some ideas could be
advanced to explain the conditions that are necessary to
reveal the requirement for distractor inhibition.

An additional point is that in Experiment 2B, the target
fruit was always visible and placed at the 30-cm position.
Because the participant already knew which object was the
target and where it was located prior to reach onset, it is
hardly surprising that no distractor interference effects on
initiation time were observed. For example, following the
practice trials, participants may have set up movement pa-
rameters for the target and, in subsequent trials, had no need
to consider distractors that were never the goal of action. A
further aim of Experiment 2C was to assess the role of
advanced visual information of the target on interference
effects from distractors.

Method

Farticipants

Eight students (4 women and 4 men, aged 23-29 years) volun-
teered to participate; none had participated in the previous exper-
iments. They showed the same general characteristics as the par-
ticipants in the previous experiments. Each participant attended
two experimental sessions of 1.5-hr duration. The order of the
experimental sessions was counterbalanced across participants.

Apparatus and Materials

The apparatus and the materials were the same as those de-
scribed for Experiments 2A and 2B.

Procedure

In most respects, the procedures were the same as those de-
scribed for Experiments 2A and 2B. Participants performed the













































