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Structured Perceptual Arrays  
and the Modulation of Fitts’s Law:  
Examining Saccadic Eye Movements
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ABSTRACT. On the basis of recent observations of a modulation 
of Fitts’s law for manual pointing movements in structured visual 
arrays (J. J. Adam, R. Mol, J. Pratt, & M. H. Fischer, 2006; J. 
Pratt, J. J. Adam, & M. H. Fischer, 2007), the authors examined 
whether a similar modulation occurs for saccadic eye move-
ments. Healthy participants (N = 19) made horizontal saccades 
to targets that appeared randomly in 1 of 4 positions, either on an 
empty background or within 1 of 4 placeholder boxes. Whereas 
in previous studies, placeholders caused a decrease in movement 
time (MT) without the normal decrease in movement accuracy 
predicted by Fitts’s law, placeholders in the present experiment 
increased saccadic accuracy (decreased endpoint variability) with-
out an increase in MT. The present results extend the findings of 
J. J. Adam et al. of a modulation of Fitts’s law from the temporal 
domain to the spatial domain and from manual movements to eye 
movements.

Keywords: motor performance, saccadic eye movements, visual 
perception, visuomotor

s a rapid aimed movement increases in amplitude,  the 
time to make the movement increases or the accuracy 

of the movement must decrease. This fundamental relation-
ship between amplitude (distance), speed, and accuracy was 
reported more than 100 years ago (Woodworth, 1899) and 
has since been algebraically formalized (Fitts, 1954; Fitts & 
Peterson, 1964), resulting in one of the relatively few laws 
in human behavior: Fitts’s law (for a review, see Plamon-
don & Alimi, 1997). Recently, however, investigators have 
noted deviations from this relationship when people make 
manual reaching movements in the presence of competing, 
but irrelevant, visual stimuli, such as placeholders (Adam, 
Mol, Pratt, & Fischer, 2006; Pratt, Adam, & Fischer, 2007). 
In the present study, we investigated whether such place-
holders would have a similar effect on saccades (the bal-

listic eye movements that people use to reorient gaze) to 
further delineate the cause of the deviations.

In their initial investigation of the effect of visual place-
holders on motor control, Adam et al. (2006) recorded 
reaching movements from a starting point to targets that 
appeared suddenly at one of a number of locations arranged 
linearly on the axis of movement (see Figure 1 for a simi-
lar experimental setup). On half of the trials, an array of 
placeholders marked all the potential target locations; on 
the other half, no placeholders were present. Because the 
size of the targets did not vary, the required accuracy of 
the movements stayed constant. Thus, in accordance with 
Fitts’s law, as the distance of each target from the starting 
point increased, there should have been a corresponding 
increase in movement time (MT). However, Adam et al. 
observed a violation of Fitts’s law in the placeholder condi-
tion: MTs were not longer to the farthest target than to the 
second-farthest target, but instead they tended to be shorter. 
In other words, Adam et al. found that facilitation occurred 
in the MTs of both horizontal and vertical reaching move-
ments that participants made to the farthest placeholder.

In a subsequent study, Pratt et al. (2007) replicated the 
effect on MT and extended the finding by manipulating the 
relative position of the target within the placeholder array 
independently of the absolute location of the target. That is, 
they had participants make reaching movements to one of 
five possible target locations in the presence of three place-
holders that could surround the first three, middle three, or 
final three locations. For example, the three placeholder 
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arrangements allowed movements that were made to the 
middle of the five target locations to be directed toward the 
farthest, middle, and nearest placeholder, respectively. As 
before, MTs to targets at the nearest and farthest placehold-
ers were shorter than were those to the middle placeholder. 
This manipulation of position within the placeholder array 
independently of absolute location provided a more power-
ful test of the effect of placeholders and revealed facilitation 
not only for movements to the final placeholder but also for 
movements to the first placeholder.

The finding that movements are facilitated when they are 
directed toward either the nearest or farthest positions in an 
array of placeholders complements a secondary result noted 
by Adam et al. (2006) in their original study. In addition 
to the aforementioned effect on MT, Adam et al. observed 
that placeholders attenuated the range effect: The typical 
overshoots for shorter movements and undershoots for lon-
ger movements that characterize the range effect (Poulton, 
1974; Searle & Taylor, 1948) were diminished in the pres-
ence of placeholders. Thus, in combination with the effect 
on MT, visual placeholders caused both faster and more 
accurate movements to the nearest and farthest positions in 
the array.

To account for this effect of placeholders, Pratt et al. 
(2007; see also Adam et al., 2006) proposed a visuomotor 
explanation. They argued in that proposal that the percep-
tual array of placeholders forms an allocentric frame of ref-
erence that facilitates the spatial processing of the ends of 
the array (e.g., Adam, Hommel, & Umiltà, 2003; Mewhort 
& Campbell, 1978) and, in turn, movements made to those 
locations. In particular, Pratt et al. proposed that placehold-

ers may make movements to end locations easier to control, 
thus increasing the speed, or reducing the number, of cor-
rective submovements and MT. It should be noted, however, 
that the effect on the nearest location may only be revealed 
in paradigms that control for target amplitude (as Pratt et al. 
did in their study).

In the present study, we sought to determine if the ben-
eficial effects of placeholders on visuomotor performance 
of manual movements could be extended to the oculomotor 
system—in particular, to saccadic eye movements. Sac-
cades are rapid, ballistic eye movements that individuals 
use to gather visual information from the environment. 
Because of their unique role in the acquisition of informa-
tion, saccades are humans’ most commonly made overt 
movement because they make approximately three saccades 
every second of their waking day. Thus, determining wheth-
er placeholders also affect saccades would provide informa-
tion about both the control mechanisms of the oculomotor 
system and how such mechanisms affect the acquisition of 
visual information.

There are reasons to believe that saccades should show 
effects similar to those of targets in structured perceptual 
arrays. Performance of saccades, like performance of manual 
movements, is constrained by both the range effect (Kapoula, 
1985) and the speed–accuracy trade-off described in Fitts’s 
law (e.g., Abrams, Meyer, & Kornblum, 1989; but see Chi & 
Lin, 1997). There are, however, a number of reasons to sug-
gest that the effect of placeholders may not occur for saccadic 
eye movements because not all effects on the performance of 
manual movements are seen in saccades. For instance, there 
is a one-target advantage for manual movements (e.g., Adam 

5.00° 3.75°

1°
< 1,300 ms

400–1,500 ms

FIGURE 1. Typical sequence of events for a trial in the placeholder condition. The four open circles 
represent the placeholders that marked the potential target locations, and the black arrow reflects 
potential gaze position. Placeholders were 1° wide and were located 5.00°, 6.25°, 7.50°, and 8.75° 
directly to the right of the fixation stimulus. See Design and Procedure for further details.
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et al., 2000; Glencross, 1980) but not for saccades (Pratt, 
Shen, & Adam, 2004). Furthermore, the oculomotor system 
primarily uses saccades to rapidly gain information from the 
visual field, whereas it typically uses rapid hand responses to 
grasp or reach already viewed objects in the environment. In 
addition, vision is the primary form of sensory feedback in a 
rapid aiming task. For saccades, however, the eye serves as 
both the primary source of sensory feedback and the effector. 
For these reasons, the placeholder effect may not occur for 
saccadic eye movements. To resolve this issue, in the pres-
ent study we tested for the effect in the oculomotor system 
by having participants make saccades in the presence and 
absence of placeholders. 

In addition to accomplishing this primary goal, a test for 
an effect of placeholders on saccadic eye movements would 
enable us to refine the visuomotor proposal of Pratt et al. 
(2007). This refinement is possible because of a difference 
between the control of manual and saccadic movements. 
Whereas each discrete manual movement is composed of an 
initial ballistic phase followed by a corrective-submovement 
phase (e.g., Meyer, Abrams, Kornblum, Wright, & Smith, 
1988; Woodworth, 1899), a saccade contains only the ballis-
tic phase, with corrections made through additional, second-
ary saccades (Becker, 1972; Becker & Fuchs, 1969; Hallett, 
1978; Prablanc & Jeannerod, 1975; Weber & Daroff, 1972). 
For this reason, if one observes the placeholder effect for sac-
cadic eye movements, then the effect must not be limited to 
the corrective-submovement phase.

If one finds an effect of placeholders on the speed or 
accuracy of saccades, then the effect would have had to 
arise either in the planning or the execution of the ballistic 
phase. Changes in the speed or accuracy of a movement are 
normally achieved by a reorganization of the kinematics 
of the movement (MacKenzie, Marteniuk, Dugas, Liske, 
& Eickmeier, 1987; Mottet & Bootsma, 1999), which is 
implemented through changes to a neuromotor control 
signal (Abrams et al., 1989; cf. Carlton & Newell, 1988; 
Newell & Carlton, 1988). In fact, investigators have pro-
posed that the control signal causes speed–accuracy trade-
offs (Harris & Wolpert, 1998). According to Harris and 
Wolpert, the neuromotor control signal contains increasing 
noise with increases in signal magnitude (see also Clamann, 
1969; Matthews, 1996). Thus, for example, when magnifi-
cation of the control signal increases the speed or amplitude 
of a movement, movement accuracy decreases because of 
the increase in signal noise. Therefore, if the effect of place-
holders is to alter the execution of saccadic movements, 
then an alteration of the neuromotor control signal should 
occur and be revealed in the kinematics of the movements. 
Alternatively, the effect of placeholders may arise during 
the programming of the movement, in which case the effect 
should be observed not in the control signal but in the reac-
tion time of the movement. Thus, we can use the results of 
the present study to refine the visuomotor proposal of Pratt 
et al. (2007) by constraining the locus of the placeholder 
effect to particular phases of movement.

For the purpose of investigating the effect of placeholders 
on the neuromotor control signal, two kinematic measures 
are of particular interest: the time for the eye to reach peak 
velocity and the maximum acceleration the eye achieves. 
Because of the simple mechanics that generate saccades—
in particular, short horizontal saccades—those two mea-
sures are thought to directly reflect the control signal that 
the visuomotor system uses to drive the movement (Abrams 
et al., 1989; Robinson, 1981). In particular, the visuomo-
tor system initates short saccades (< 15º) through a single 
contraction of agonist muscles with simultaneous suppres-
sion of antagonist activity (Fuchs & Luschei, 1970; Miller, 
1958; Robinson, 1970) and does not rely on an antagonist 
contraction to bring the eye to rest. Instead, friction and 
elasticity cause the eye to come to rest (Robinson, 1964). 
Furthermore, the visuomotor system generates horizontal 
eye movements by using only a single set of muscles (Chil-
dress & Jones, 1967). Thus, the forces that generate a short, 
horizontal saccade result from a single muscle contraction, 
and researchers can directly measure the duration and mag-
nitude of the control signal that initiates the contraction 
from the kinematics of the resulting eye movement (Rein-
hart & Zuber, 1971; Thomas, 1969). Because the eye will 
begin to decelerate once the muscle contraction ends, the 
saccade’s time to peak velocity provides an indication of the 
control signal’s duration. Furthermore, because the accel-
eration of the eye reflects the magnitude of the force applied 
to the eye, peak acceleration provides an indication of the 
magnitude of the control signal. Any effect of placeholders 
on the duration or magnitude of the neuromotor control 
signal should therefore be revealed in time to peak velocity 
and peak acceleration of the saccades, respectively.

To examine whether placeholders have an effect on sac-
cadic eye movements in the present study, we adapted the 
manual response paradigm of Adam et al. (2006). Partici-
pants in the present study made horizontal saccades to sud-
denly appearing targets at various distances, either in the 
presence or absence of placeholders. This paradigm enabled 
us to determine whether the relationship between speed 
and accuracy was altered by the presence of placeholders. 
We also examined possible attenuations of the range effect. 
Because target size does not effectively control the accuracy 
of saccadic eye movements (as noted by Chi & Lin, 1997), 
we instead measured accuracy on the basis of the saccades’ 
end-location variability, with greater variability indicating 
less accuracy. This procedure accords with Welford, Norris, 
and Shock’s (1969) description of effective target width. 
Fitts’s law predicts that in this paradigm, increases in target 
distance result in increases in MT or decreases in accuracy, 
or both. If, however, placeholders have the same effect on 
saccadic eye movements as they have on manual pointing 
movements, then saccades to the farthest target position 
may be completed more quickly or more accurately in the 
placeholder condition than in the no-placeholder condi-
tion. Thus, the following predictions can be made. (a) If 
the effect of placeholders on the skeletal and ocular motor 
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systems is the same, then one should find a decrease in MT 
or endpoint variability, or both, for saccades made to the 
farthest target location in the placeholder condition in com-
parison with those made in the no-placeholder condition. 
(b) A corresponding attenuation of the range effect for the 
placeholder condition should also occur. (c) Furthermore, if 
such an effect on speed or accuracy results from a change in 
the neuromotor control signal, then one should find a facili-
tatory effect on peak acceleration or time to peak velocity 
of the saccade in the placeholder condition in comparison 
with that in the no-placeholder condition. 

Method

Participants

Participants were 18 undergraduate students who were 
enrolled in an introductory psychology course at the Uni-
versity of Toronto and author N.A. As compensation for 
participating, the undergraduates received extra credit 
toward their final course grade. All participants had normal 
or corrected-to-normal vision. We excluded the data of 1 
participant from the analyses because of an error in data 
recording. We received Institutional Review Board approval 
for our experimental protocol. We carried out the present 
research in accordance with the Helsinki Declaration.

Apparatus

We recorded eye movements by monitoring retinal posi-
tion and corneal reflectance by using a camera-based eye 
tracker (Eyelink II; SR Research, Mississauga, Ontario, 
Canada) that had a temporal resolution of 250 Hz and a 
spatial resolution of 0.2°. We established gaze position by 
using a nine-point calibration and validation. We recorded 
eye position data from whichever eye the Eyelink II tracked 
most accurately, as determined by the validation proce-
dure. We determined the beginning and end of saccadic 
eye movements by using a 30°/s threshold, with the addi-
tional criterion that the eye should exceed an acceleration 
of 8,000°/s2 during the movement. Experimental displays 
were presented on a 48-cm flat CRT at a refresh rate of 100 
Hz and a resolution of 1024 × 768 pixels. We used a chin 
rest to fix the participant’s head 60 cm from the monitor. 

Design and Procedure

We began each experimental session by verbally instruct-
ing participants that they would be required to make right-
ward eye movements from a fixation stimulus to a tar-
get that would appear suddenly in one of four locations. 
Each participant was further instructed that we would pre- 
sent placeholders to mark the potential target locations 
for half of the experiment and that we would not present 
such placeholders for the other half. We counterbalanced 
the order of those two halves between participants. Thus, 
the experimental design consisted of (a) one between-
participant factor, order of counterbalancing (order), and 
(b) two within-participant factors, whether placeholders 
were presented (placeholder, no placeholder) and which 

of four target positions was presented (target position). 
After the verbal instructions, we completed the setup of 
the eye tracker. During setup, the participant performed a 
nine-point calibration and validation repeatedly until he 
or she attained a minimum average accuracy of 0.5°. Each 
participant performed 136 trials (16 practice trials plus 
three blocks of 40 experimental trials) twice, once for each 
placeholder condition. On any trial, or between any blocks 
of trials, the experimenter could elect to perform a drift cor-
rection or recalibration of the eye tracker.

We presented all stimuli on a black background. The 
initial display on every trial contained a fixation stimulus: a 
green circle with a diameter subtending 0.3° of visual angle, 
centered vertically on the display but offset 5° to the left of 
the horizontal center (see Figure 1). On placeholder trials, 
we also presented placeholders that demarcated the four 
potential target positions located 5.00°, 6.25°, 7.50°, and 
8.75° directly to the right of the fixation stimulus (we mea-
sured distances center to center). We presented placeholders 
as gray rings with an outer diameter of 1.00° and an inner 
diameter of 0.95°.

The trial began once participants moved their gaze to 
within 1° of the fixation stimulus. To inform participants 
that a trial had begun, we presented a crosshair around 
the fixation stimulus. Once the trial commenced, we gave 
participants a 1,500-ms interval to establish and maintain 
fixation for at least 400 ms, at which point a target was 
presented randomly in one of the four target positions. Tar-
gets were identical in appearance to the fixation stimulus. 
Following target presentation, we required participants to 
initiate a first saccade of at least 3.15° within 1,300 ms. 
If participants executed such a saccade successfully, after 
a delay of 150 ms, a 1000-Hz success tone was sounded 
for 100 ms, and the stimuli on the display were then extin-
guished. If participants were unable to initially maintain 
fixation or to subsequently generate the defined saccade, 
however, a 200-Hz error tone was sounded for 100 ms, and 
the stimuli on the display were then extinguished. The dis-
play then remained blank for 800 ms, after which the next 
trial began. 

Measures

We used six measures to evaluate the effect of placehold-
ers and target positions on saccadic movements: (a) To 
evaluate motor planning, we determined saccadic reaction 
time (RT), the time between target onset and initiation of the 
saccadic response. (b) To evaluate the speed of saccades, we 
used saccadic MT, the time between the initiation and the 
completion of the first saccade. (c) To evaluate accuracy, 
we used the standard deviation of the horizontal endpoints 
of the saccades. (d) We calculated saccadic velocity on the 
basis of the distance that the eye traveled during each sam-
ple of the recorded eye movements, and we recorded the 
time (from saccade onset) to peak velocity to evaluate the 
duration of the neuromotor control signal. (e) We calculated 
saccadic acceleration on the basis of the change in velocity 
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between recorded samples, and we used peak acceleration 
to evaluate the magnitude of the control signal. (f) We used 
constant error to evaluate the range effect. Specifically, we 
recorded the on-screen position of gaze by using a Cartesian 
coordinate system, and the signed difference between the 
horizontal coordinate at the completion of a saccade and 
the center of the presented target provided the measure of 
constant error.

Data Analysis

Before analyzing saccadic measures, we excluded error 
trials from the dataset. Error trials included trials for which 
(a) the participant was unable to properly establish fixa-
tion at the beginning of the trial, (b) RT was less than 100 
ms or greater than 400 ms, (c) MT was less than 10 ms or 
greater than 100 ms, (d) the initial saccade did not exceed 
an amplitude of 3.15º, or (e) the initial saccade did not land 
within 2º of the target.

To evaluate the effect of placeholders on each saccadic 
measure, we performed separate 2 (order) × 2 (placeholder) × 
4 (target position) mixed analyses of variance (ANOVAs). 
No main effects of the order of counterbalancing were 
observed. However, order did interact with placeholder and 
target position for the constant error measure. For this reason, 
the analysis of constant error, which we present at the end of 
the Results section, includes separate analyses for each coun-
terbalancing order. For the remaining measures, however, 
we collapsed the analyses across order of counterbalancing 
and performed the analyses by using 2 (placeholder) × 4 
(target position) within-participant ANOVAs. In addition, 
we followed each ANOVA with a planned two-tailed t test 
to compare the effect of placeholders on saccades made to 
the farthest target location. We adjusted degrees of freedom 

by using the Greenhouse–Geisser correction in all analyses 
in which the assumption of sphericity was not justified, as 
indicated by Mauchly’s test of sphericity.

Results

Removal of error trials resulted in elimination of 22.5% 
of the trials, the majority (80.1%) from fixation errors. 
A 2 (order) × 2 (placeholder) × 4 (target position) mixed 
ANOVA revealed that the number of errors did not differ 
significantly between conditions (all Fs < 1.2).

Reaction Time 

We performed a 2 (placeholder) × 4 (target position) 
within-participant ANOVA on RT. This analysis revealed 
no main effect of placeholder, F(1, 18) = 2.17, p = .158 
(MSE = 1,095.80), no main effect of target position, F(1.7, 
31.1) = 2.01, p = .156 (MSE = 302.19), and no interaction, 
F(3, 54) = 1.22, p = .310 (MSE = 168.41). The planned  
t test, however, did reveal a significant difference, t(18) = 
2.30, p = .034. As can be seen in Table 1, participants’ RTs 
for saccades made toward the farthest target position were 
significantly slower in the presence of placeholders than in 
their absence. The increase in RT suggests that additional 
motor planning occurred for saccades generated toward the 
farthest target position in the placeholder condition.

MT 

To begin the evaluation of the relationship between speed 
and accuracy, we investigated the effect of placeholder and tar-
get position conditions on MTs by conducting a 2 (placehold-
er) × 4 (target position) within-participant ANOVA. The analy-
sis revealed a strong effect of target position, F(2.0, 35.5) = 
545.49, p < .0001, η2 = .97 (MSE = 1.83), but no effect of 

TABLE 1. Saccadic Measurements as a Function of Placeholder Condition 
and Target Distance

 Target distance

Condition 5.00° 6.25° 7.50° 8.75°

Reaction time (ms)
No-placeholder 224 219 216 218
Placeholder 228 219 224 227
Difference –3.5 0.2 –8.1 –10.1*

Peak acceleration (°/s2)

No-placeholder 28,760 31,407 32,398 34,409
Placeholder 29,916 31,685 33,794 36,405
Difference –1,156 –278 –1,396 –1,995

Time to peak velocity (ms)

No-placeholder 20.5 21.6 23.3 24.7
Placeholder 20.3 21.4 23.1 24.2
Difference 0.14 0.16 0.13 0.55

*p < .05 (not adjusted for multiple comparisons).
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placeholder and no interaction, both Fs < 1.1. The planned  
t test comparing MTs toward the farthest target in the place-
holder and no-placeholder conditions was not significant, 
t(18) = 1.10, p > .28. As can be seen in Figure 2, these results 
revealed that movement amplitude almost entirely determined 
MT; more distant movements took longer to complete. To fur-
ther investigate the relationship between distance and speed, 
we regressed mean MT onto mean movement amplitude for 
each of the four target positions in both placeholder conditions. 
The regression analysis revealed a strong linear relationship 
between saccadic amplitude and saccadic MT both when 
placeholders were present, b = 2.67, t(2) = 25.14, p = .002, 
and when they were absent, b = 2.60, t(2) = 74.88, p < .001. 
The slopes b of the analyses did not differ, t(4) = 0.49, p > .5. 
Thus, although researchers found an effect of placeholders on 
MTs of manual movements in previous studies, we did not find 
faster MTs for saccadic movements to the farthest target posi-
tion in the placeholder condition (M = 42.30, SD = 3.33) than 
in the no-placeholder condition (M = 42.95, SD = 3.53) in the 
present study. Instead, movement amplitude almost entirely 
determined saccadic MTs. 

Endpoint Variability

To evaluate the effect of placeholders and target positions 
on accuracy, we performed a 2 (placeholder) × 4 (target 

position) within-participant ANOVA on horizontal endpoint 
variability. The analysis revealed a main effect of target 
position, F(3, 54) = 4.13, p = .010 (MSE = 0.01), and a 
significant two-way interaction between target position and 
placeholder, F(3, 54) = 4.32, p = .008 (MSE = 0.01). The 
main effect of placeholder was not significant, F < 1. As can 
be seen in Figure 2, saccadic endpoint variability tended to 
increase with amplitude. However, the presence of place-
holders altered that relationship for the farthest target posi-
tion. There was less variability in the placeholder condition 
(M = 0.53, SD = 0.12) than in the no-placeholder condition 
(M = 0.62, SD = 0.17). Most important, the planned t test 
for the farthest target position revealed that the reduction 
in endpoint variability in the placeholder condition was 
significant, t(18) = 2.57, p = .019. 

Peak Acceleration and Time to Peak Velocity

To investigate whether the placeholder and target posi-
tion conditions affected the neuromotor control signal that 
participants used to generate the saccade, we performed 
a 2 (placeholder) × 4 (target position) within-participant 
ANOVA on the peak acceleration and time to peak veloc-
ity measures. As can be seen in Table 1, placeholders had 
no reliable effects on either measure. Beginning first with 
peak acceleration, the analysis revealed a strong effect 

FIGURE 2. Movement time (upper plot) and standard deviation of horizontal endpoints (end-
point variability; lower plot) as a function of target position and placeholder condition. Both 
metrics are plotted against actual movement amplitude. The nearest–farthest target positions on 
any line can be read from left to right. Three results can be observed. (a) Movement amplitude 
was largely determined by target position and was unaffected by placeholder presence. (b) 
MT was similarly unaffected by placeholders. (c) Placeholders affected movement accuracy, 
resulting in less variable movements to the farthest target location. Error bars represent 95% 
confidence intervals on the differences between means (placeholder vs. no placeholder).
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of target position, F(1.6, 28.0) = 30.53, p < .0001, η2 = 
.63 (MSE = 15.72 × 105), but no effect of placeholder 
and no interaction between the two factors, both Fs < 1. 
As target amplitude increased, greater peak accelerations 
were reached. However, the planned t test revealed that 
there was no significant effect of placeholders on peak 
acceleration to the farthest target position, t(18) = 0.97, 
p = .347. This finding suggests that the magnitude of the 
neuromotor control signal was unaffected by the presence 
of placeholders.

The same analysis on time to peak velocity once again 
revealed a strong effect of target position, F(1.6, 28.2) = 89.27, 
p < .0001, η2 = .83 (MSE = 2.66), but no effect of placeholder, 
F(1, 18) = 1.96, p = .178 (MSE = 1.17), and no interaction 
between the two factors, F < 1. As we observed for peak accel-
eration, time to peak velocity was unaffected by the presence of 
placeholders, which suggests that placeholders have no effect 
on the duration of the neuromotor control signal. In particular, 
the difference between placeholder conditions for the farthest 
target location was not significant, t(18) < 1.4, p > .20. Thus, 
the relationship between saccade amplitude and both peak 
acceleration and time to peak velocity was unaffected by the 
presence of placeholders, suggesting that one cannot attribute 
the detected decrease in endpoint variability to a change in the 
magnitude or duration of the control signal.

Constant Error

Last, we performed a 2 (order) × 2 (placeholder) × 4 
(target position) mixed ANOVA on constant error. The 
analysis revealed a significant three-way interaction, F(3, 
51) = 5.72, p = .002 (MSE = 0.08), indicating that the effect 
of placeholders on the range effect depended on the order of 
counterbalancing. Thus, we performed a 2 (placeholder) × 
4 (target position) within-participant ANOVA for those par-
ticipants who completed the no-placeholder condition first. 
This analysis revealed no main effect of placeholder, F < 1; 
no main effect of target position, F < 1; and no interaction, 
F(3, 27) = 1.47, p = .244 (MSE = 8.48 × 10–3). As can be 
seen in the left panel of Figure 3, there was no range effect 
in either placeholder condition when the no-placeholder 
condition was performed first. We also performed the same 
two-factor ANOVA on those participants who completed 
the placeholder condition first. As might be expected from 
the right panel of Figure 3, there was a reliable range 
effect when placeholders were present (i.e., overshoots to 
the nearest target and undershoots to the farthest) but no 
range effect when placeholders were absent. This pattern 
was revealed by a main effect of target position, F(3, 24) = 
6.18, p = .003 (MSE = 0.12), and a significant Placeholder × 
Target Position interaction, F(3, 24) = 10.47, p < .0001 
(MSE = 0.16), with no main effect of placeholder, F < 1. 

FIGURE 3. Constant error in the vertical axis as a function of placeholder condition, counter-
balancing order, and target position. Negative values reflect undershoots, and positive values 
reflect overshoots. A range effect was observed in the placeholder condition when participants 
performed that condition first. No range effect was observed in the other three conditions.
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Furthermore, the simple effect of target position for each 
level of placeholder was significant in the placeholder 
condition, F(3, 24) = 11.42, p < .001 (MSE = 0.26), but not 
in the no-placeholder condition, F(3, 24) = 1.77, p = .177 
(MSE = 0.02). The enhanced range effect in the presence 
of placeholders is contrary to the pattern that Adam et al. 
(2006) found for manual movements, in which the presence 
of placeholders reduced the range effect.

Discussion

Our purpose in the present study was to investigate the 
effect of a structured perceptual array (in this case, a set of 
placeholders) on the relationship between the speed and 
accuracy of saccadic eye movements. It is notable that we 
found an alteration of the relationship between speed and 
accuracy, similar to that found for manual movements. 
However, the alteration was expressed in accuracy rather 
than speed. That is, placeholders caused an increase in the 
accuracy of eye movements to the farthest target position 
via reduced endpoint variability without causing a decrease 
in speed. Thus, the results of the present study showed the 
oculomotor equivalent of the placeholder effect that (Adam 
et al. (2006) and Pratt et al. (2007) have previously found 
with manual pointing responses. It is important to note that 
the stimulus displays that we used in the present research 
were very similar to those that were used previously. For 
example, the movement difficulties (which Fitts’s law quan-
tifies as the ratio between movement amplitude and target 
width) were equivalent in this study to those in the manual 
response studies. Thus, it is unlikely that the change from 
an effect on speed to an effect on accuracy was a result 
of the particular paradigm we used. Rather, the change 
was probably a specific result of the switch from manual 
movements to saccades. Regardless of how the change 
was expressed, however, the results of the present study 
clearly demonstrate that the beneficial effect of placehold-
ers extends to the oculomotor system.

The finding that the placeholder effect occurs in the ocu-
lomotor system as a change in accuracy rather than speed 
provides interesting implications for the visuomotor pro-
posal of Pratt et al. (2007). Pratt et al. argued that placehold-
ers facilitate the spatial processing of the ends of the visual 
array, in turn speeding the corrective phase of movements 
directed toward the end locations. In contrast, the results of 
the present study point to an early effect of placeholders. 
That the RT was slowed for movements to the farthest loca-
tion in the placeholder condition suggests that participants’ 
visuomotor systems spent additional time programming the 
saccadic movement. Furthermore, the analysis of saccade 
dynamics shows that the increase in accuracy did not result 
from a kinematic reorganization (MacKenzie et al., 1987). 
In fact, there was no evidence of a change in the duration 
or magnitude of the underlying neuromotor control signal. 
Therefore, placeholders appear to affect the programming, 
rather than the execution, of saccadic eye movements. 
Although such a conclusion does not contradict the Pratt 

et al. visuomotor proposal, it does suggest a refinement of 
the proposal.

Before refining the proposal, however, it is worthwhile 
to consider why the placeholder effect may be expressed 
in MT for manual movements but in accuracy for saccadic 
eye movements. It is notable that given the opportunity, 
people tend to trade any increase in accuracy for an increase 
in speed. According to a number of successful models of 
movement trajectories of both manual and saccadic eye 
movements, the motor system selects movement speed to 
attain a criterion level of accuracy (Harris & Wolpert, 1998, 
2006; Tanaka, Krakauer, & Qian, 2006). Thus, it should not 
be surprising if an initial increase in the accuracy of manual 
movements was traded for an increase in speed.

Furthermore, there are two ways in which manual move-
ments may be speeded (at the cost of accuracy). Both the bal-
listic phase and the corrective-submovement phase might be 
speeded. However, it may not be possible for either of these 
two phases to be speeded in saccadic eye movements. As 
discussed earlier, there is no corrective submovement phase 
in saccades. Instead, saccades consist of only an initial bal-
listic phase, with corrections made through the generation of 
additional, secondary saccades (e.g., Becker, 1972; Prablanc 
& Jeannerod, 1975). Thus, the corrective-submovement phase 
is not available for producing faster saccades. In addition, it 
may not be possible to speed the ballistic phase of saccades. 
In particular, saccades made under a considerable variety of 
situations all follow the main sequence of normal saccades 
(Bahill, Clark, & Stark, 1975), which describes a specific 
relationship between saccade amplitude, duration, and peak 
velocity. For these reasons, the facilitatory effect of placehold-
ers on manual movements may be exhibited as an increase in 
movement speed, whereas the same facilitation may be mani-
fested only as an increase in accuracy in the case of saccadic 
eye movements.

Because of this characterization of the effect of place-
holders, the results of the present study suggest that the 
visuomotor proposal should be refined as follows. In accor-
dance with the proposal of Pratt et al. (2007), the effect of 
placeholders may be to enhance the spatial processing of 
the end locations of the visual array. In contrast to the origi-
nal proposal, however, the present results point to facilita-
tion of the programming of the ballistic phase—which 
results in a more accurate ballistic movement—rather than 
facilitation of corrective submovements. For manual move-
ments, the initial increase in accuracy may later be traded 
for a faster ballistic movement. Alternatively, given a more 
accurate ballistic phase, the motor system may require 
fewer submovements to reach the target, again resulting in 
a decrease in MT. Although the present results do not pre-
clude the possibility that placeholders also directly facilitate 
the corrective-submovement phase of manual movements, 
they do demonstrate that the effect cannot be limited to that 
phase. Indeed, if placeholders facilitate spatial processing, 
then one would expect the effect to also be beneficial for the 
implementation of corrective submovements.
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There are, however, some issues regarding the effects of 
placeholders on the two systems that researchers must account 
for before they can fully adopt this refined proposal. For 
example, previous investigators have found RT to be unrelated 
to the facilitatory effect of placeholders on manual movements 
(Adam et al., 2006; Pratt et al., 2007), whereas we found lon-
ger RTs when placeholders increased accuracy in the present 
study. In addition, the results of the range-effect analysis point 
to further differences between the effect of placeholders on the 
manual and oculomotor systems. Although a range effect is 
typically exhibited by both systems, a greater range effect for 
manual movements was previously found (Adam et al.) in the 
no-placeholder condition. In the present study, however, we 
found a greater effect in the placeholder condition for saccadic 
eye movements (but only when we presented the placeholder 
condition first). It is possible that the observed range effect 
was actually a result of the global effect (or saccadic averag-
ing effect)—the tendency for stimulus-driven saccades to be 
drawn to roughly the center of gravity of all visible stimuli 
located near the target (Coren & Hoenig, 1972). Thus, in the 
placeholder condition, saccades may have been drawn to the 
center of the perceptual array, generating a range effect. It is 
curious that the range effect was present only when partici-
pants performed the placeholder condition first. However, this 
finding may indicate that the global effect is not as inflexible 
as previously thought (Findlay, 1982). 

At present, the results of the range effect and RT analyses 
suggest that there are subtle differences in the general effects 
of placeholders on manual movements and saccadic eye move-
ments. Furthermore, researchers do not currently know how 
the programmed and corrective portions of manual movements 
differ in the presence and absence of placeholders. However, 
experiments are currently underway in our laboratory that will 
help elucidate the fine details regarding the planning and pro-
duction of responses to targets in structured perceptual arrays.

What clearly emerges from this study is that placeholders 
affect the manual and oculomotor systems, as exhibited by 
facilitation of both types of movements to the farthest target 
location. Thus, our results demonstrate that the modulation of 
Fitts’s law holds for both manual and oculomotor movements 
and, further, that the effect may arise early in the program-
ming of the movement. Because of their different time courses 
and control modes, however, the tradeoff is expressed differ-
ently for the two motor systems (Harris & Wolpert, 1998): 
Facilitation is exhibited in manual movements as an increase 
in speed and in saccades as an increase in accuracy. 
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