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We interact with objects in the environment by way of
eye and hand movements. Anatomical evidence suggests
that the eyes and hands are controlled, in part, by different
pathways (Keele, 1986; Schall, 1991). On the other hand,
behavioral evidence suggests that the oculomotor and
manual motor systems are interrelated during the produc-
tion of an aimed movement toward some target. For ex-
ample, Abrams, Meyer, and Kornblum (1990) found that
people almost always direct their eyes to a target to which
a manual movement must be made, and manual move-
ments are less accurate if subjects are not allowed to move
their eyes. Perhaps most dramatically, Bekkering, Abrams,
and Pratt (1995) found that adaptation of the oculomotor
system transfers to the manual motor system; they found
that pointing movements by an unseen hand were shorter
when the eyes were adapted to make short movements
than when the eyes were unadapted, suggesting that, at
some level, the eyes and the hands rely on a common code
or signal.

The purpose of the present study was to compare eye
movements and hand movements on another dimension
of motor behavior—namely, its withholding. Inhibition
of voluntary movement is an important part of executive
control over cognition and action (Logan, 1985). Our goal
was to determine whether inhibition of eye and hand move-
ments is governed by the same or different processes.

To measure inhibition, we used the stop-signal task. In
the stop-signal task, subjects are presented with a go signal
to which they must respond immediately, and, on occasion,
a stop signal is also presented, which tells them to inhibit
their response to the go task. The main datum of interest

is whether or not subjects succeed in inhibiting their go
response when the stop signal occurs. The probability of
inhibiting the go response depends on the delay between
the go signal and the stop signal (stop-signal delay) and
on the reaction time (RT) to the go signal: Subjects are
more likely to inhibit, the shorter the delay and the longer
the go RT (for a review, see Logan, 1994).

Performance on the stop-signal task has been modeled
quite successfully as a race between the processes re-
sponding to the go signal and the processes responding to
the stop signal (Logan & Cowan, 1984; Ollman, 1973;
Osman, Kornblum, & Meyer, 1986, 1990). If the go pro-
cesses are faster than the stop processes, the go response
escapes inhibition and is executed much like a normal go
response. If the stop processes are faster than the go pro-
cesses, the go response is inhibited. Go RT and stop RT
are both random variables, so the race is stochastic; given
the same go signal, the same stop signal, and the same in-
terval between them, subjects will sometimes inhibit and
sometimes fail to inhibit.

The race model predicts the probability of inhibition
as a function of stop-signal delay and go RT. It predicts RT
for responses that escape inhibition (signal-respond RT),
and it provides four different but formally related ways to
observe the unobservable—to estimate stop-signal RT
(SSRT). The race model succeeds largely because it is
abstract. It deals with the distribution of finishing times
for the go process and the stop process without address-
ing the nature of the processes that give rise to the finish-
ing times. Logan and Cowan’s (1984) version is the most
general. It applies to any distribution of finishing times,
regardless of the form.

The race model is useful in describing performance, but
it does not give much insight into the underlying processes.
It applies equally well regardless of response modality. It
has been used to study keypresses (Logan, 1981; Osman
et al., 1986), hand squeezes (De Jong, Coles, Logan, &
Gratton, 1990), typewriting (Logan, 1982), arm move-
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Inhibitory control of eye and hand movements was compared in the stop-signal task. Subjects moved
their eyes to the right or left or pressed keys on the right or left in response to visual stimuli. The stim-
uli were either central (angle brackets pointing left or right) or peripheral (plus signs turning into Xs
left or right of fixation), and the task was either pro (respond on the same side as the stimulus) or anti
(respond on the opposite side). Occasionally, a stop signal was presented, which instructed subjects
to inhibit their responses to the go stimulus. Stop-signal reaction times (SSRTs) were faster overall for
eye movements than for hand movements, and they were affected differently by stimulus conditions
(central vs. peripheral) and task (pro vs. anti), suggesting that the eyes and hands are inhibited by dif-
ferent processes operating under similar principles (i.e., a race between stop and go processes).
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ments (McGarry & Franks, 1997), and eye movements
(Hanes & Carpenter, 1997). The race model’s success in
these different domains suggests that the various re-
sponses are controlled by the same principles, but it does
not indicate whether the responses are controlled by the
same processes. On the one hand, there may be one stop
process common to all movements (which would explain
why the same principles apply across tasks). On the other
hand, there may be different processes involved for differ-
ent responses that operate according to the same principles.

Our strategy for addressing this question was to pre-
sent the same stimulus conditions and vary response re-
quirements. Subjects responded to displays with eye
movements or hand movements. Under these conditions,
processing should follow a common pathway up to a point
(e.g., response selection) and then branch to separate
pathways specific to each response. If subjects stop their
responses by disengaging processes in the common path-
way, there should be no difference in SSRT between con-
ditions. However, if subjects stop their responses by dis-
engaging processes specific to each response, then SSRT
should differ between response types and perhaps be af-
fected differently by other manipulations in the experi-
ment.

Our stimulus display consisted of three plus signs (+),
one in the center of the screen, one to the left of center,
and one to the right of center. The task was to move the
eyes to the left or right stimulus or to press a button cor-
responding to it. There were four conditions within each
response type, defined by the factorial combination of two
variables: stimulus condition (peripheral vs. central) and
task (pro vs. anti). In the peripheral condition, the left or
the right plus sign changed to an X. In the central condi-
tion, the central plus sign changed to an angle bracket (�
or �) pointing to one of the peripheral plus signs. In the
pro condition, subjects responded to the position indicated
by the X or the angle bracket; if the left plus sign turned
into an X or the angle bracket pointed left, they moved
their eyes to the left target or they pressed the left button.
In the anti condition, subjects responded to the position
opposite to the one indicated by the central or peripheral
cue. Thus, if the left plus sign turned into an X or if the
angle bracket pointed left, they moved their eyes to the
right target or pressed the right button.

We expected all three factors—response type, stimulus
condition, and task—to produce main effects on go RT.
Eye movement latencies are typically very fast, on the
order of 250 msec even when choice is involved, so we
expected them to be faster than hand responses. The task
manipulation would be viewed as a manipulation of
stimulus–response compatibility in the RT literature (e.g.,
Kornblum, Hasbroucq, & Osman, 1990), and RTs with
compatible (pro) stimulus–response mappings are typi-
cally faster than RTs with incompatible (anti) stimulus-
response mappings. Finally, we expected faster go RTs to
peripheral stimuli than to central ones, because peripheral
stimuli would likely elicit fast, reflexive responses (e.g.,
Posner, 1980). We had no a priori predictions about inter-

actions between these factors that were relevant to our pur-
poses (but see Kornblum et al., 1990).

In all four conditions, with both response types, the
stop signal consisted of three boxes that were centered on
the positions of the three plus signs. Subjects were told to
inhibit their eye movements or their buttonpresses when
this stop signal appeared. We had no a priori predictions
for any main effects or interactions except for the pro ver-
sus anti (compatibility) effect with hand responses. Pre-
vious research found no difference in SSRT to stop hand
responses that were spatially compatible versus incom-
patible (Logan, 1981). We expected to replicate that null
effect here.

We were concerned primarily with differences in SSRT
for eye and hand movements and with interactions between
response type and stimulus position and task. If eye and
hand responses were both stopped by inhibiting processes
in the common pathway, then there should be no difference
in SSRT between response types and no interactions be-
tween response type and stimulus position or response
type and task. Alternatively, if eye and hand responses
were stopped by inhibiting processes in the separate path-
ways, then SSRT should show a main effect of response
type and, possibly, interactions between response type and
stimulus condition or response type and task.

The second hypothesis is stronger than the first. A main
effect of response type can occur only if inhibition occurs
in separate pathways. A null effect of response type could
occur if inhibition occurs in the common pathway or if it
occurs in separate pathways that coincidentally take the
same amount of time to be stopped. Fortunately, the data
are consistent with the “separate pathways” hypothesis.

METHOD

Subjects
Eight subjects participated in the experiment. The subjects were

students at the University of Illinois, and they were naive about the
experimental hypotheses. They were paid $5 per hour for partici-
pating.

Apparatus and Stimuli
Stimuli were presented on a Tektronix 608 oscilloscopic display

equipped with P15 phosphor, which has no detectable persistence
(Groner, Groner, Muller, Bischof, & Di Lollo, 1993). Stimulus pre-
sentation was controlled with a Gateway 2000 486 50-MHz com-
puter. The x- and y-coordinates and the intensity value of each point
to be plotted were stored in a plotting buffer, which is able to trans-
fer values to the oscilloscope at a rate of 2,000 points/msec (Finley,
1985). A refresh rate of 1000 Hz was used during the experiment
(i.e., each point displayed on the oscilloscope was refreshed once
each millisecond).

Buttonpressing responses were made with the thumbs via hand-
held microswitches that were interfaced with the computer via a
digital-input board. During eye-movement trials, the computer also
recorded the output from an Applied Science Laboratories Model 210
scleral reflectance eyetracker by means of an analog-to-digital con-
verter. The eyetracker was mounted on eyeglass frames that were
held in place on the subject’s head with a headband. The eyetracker
was configured to record horizontal movements of the left eye only.
Eye position was sampled once every millisecond. A bite bar with
dental impression compound was used to keep the subject’s head
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steady during the experiment. The subjects completed a calibration
sequence (described later) before every experimental trial. The ac-
curacy of the eyetracker under these conditions is �0.3º.

During the experiment, the subjects were positioned 57 cm from
the display. At this viewing distance, the total display area sub-
tended a visual angle of 12º horizontally and 10º vertically. At the
beginning of each trial, three fixation crosses were presented on the
display, aligned horizontally. These crosses subtended 0.2º vertically
and horizontally, and they were separated from each other by 4.0º.

The central (� or �) and peripheral (X) stimuli also subtended
0.2º vertically and horizontally. The stop signal consisted of three
boxes centered at the location of the three fixation crosses; each
box subtended 1º vertically and horizontally and consisted of eight
dots (i.e., a 3 � 3 dot matrix with no center dot).

The experimental chamber was illuminated by overhead fluores-
cent lights. The luminance of the display screen was 68 cd/m2. The
effective luminance of the stimulus display was 552 cd/m2. This lu-
minance was obtained by measuring the luminance of a 31 � 31 dot
matrix plotted within an 8 � 8 mm area that was refreshed every
millisecond.

Design
There were eight experimental conditions, defined by response

type (eyes vs. hands), stimulus condition (peripheral vs. central),
and task (pro vs. anti). Each subject completed two practice blocks
and 10 experimental blocks of 40 trials each in each of the eight
conditions. Response type, stimulus condition, and task were held
constant in each block of trials.

The 12 blocks of each condition were completed in succession.
Condition order was balanced across subjects, with the exception
that the eye-movement version of each combination of stimulus
condition and task was completed before the buttonpressing ver-
sion. We used this order to ensure that our subjects would produce
good eye-movement data. Eye-movement data take longer to gather
and are harder to analyze than buttonpress data.

Procedure
On each trial, three plus signs were presented on the display, sep-

arated by 4.0º. The subject was instructed to fixate the center plus
sign carefully. Following an interval of 1,000, 1,250, or 1,500 msec,
the stimulus was presented. On central-stimulus trials, the center plus

sign turned into an angle bracket (� or �). On peripheral-stimulus
trials, one of the peripheral plus signs turned into an X.

In separate blocks of trials, the subjects responded by pressing a
button or by moving their eyes. In the pro task, the subjects re-
sponded to the position indicated by the X or the angle bracket; if
the left plus sign turned into an X or the angle bracket pointed left,
they moved their eyes to it or they pressed the button held in the left
hand. In the anti task, the subjects responded to the position oppo-
site to the one indicated by the central or peripheral cue. Thus, if the
left plus sign turned into an X or if the angle bracket pointed left,
they moved their eyes to the rightmost plus sign or pressed the but-
ton held in the right hand.

The subjects were instructed to respond as quickly but as accu-
rately as possible. They were also told that, on some trials, “stop
boxes” would appear around all three stimulus locations and that
they should try to withhold their response whenever that occurred.
They were told that some stop boxes would occur so early that they
would always be able to stop, whereas others would occur so late
that they would rarely be able to stop; thus, they should always try
to stop if they could, but they should not worry if they could not.
The instructions stressed that the most important thing was for them
to perform the go task as quickly and as accurately as possible and
not let the stop boxes interfere with their performance.

A stop signal was presented on 25% of the trials, sequenced ran-
domly. Five different stop-signal delays (or stimulus onset asyn-
chronies between cue onset and stop signal onset) were used for
each subject. These varied somewhat across subjects and condi-
tions, with most subjects experiencing stop-signal delays of 25,
100, 175, 250, and 325 msec. Slightly different ranges were chosen
for some subjects and conditions on the basis of performance in the
practice blocks to ensure that all of the stop signals did not occur too
early or too late.

Each trial ended when the subject responded or when 600 msec
elapsed from cue onset without a response. The eyes were consid-
ered to have moved if eye velocity exceeded 50º/sec and eye posi-
tion changed by at least 0.5º from the initial fixation point. The
point in time at which this occurred defined the latency of the eye-
movement response. No feedback about response accuracy was
given. The initiation of each trial was controlled by the subject.
During eye-movement blocks, each trial began with a calibration
routine during which a calibration point (a plus sign) stepped across
the display at three locations separated by 4.0º. Each point was pre-
sented for 1,500 msec, and the subject was instructed to fixate each
carefully. Eye position at each location was sampled (at a rate of
1000 Hz) for 100 msec near the middle of this interval. These
recordings served to calibrate the output of the eyetracker against
spatial position.

RESULTS

Go Task
Mean RTs and percentage of correct responses to the

go signal were computed for each subject and were sub-
mitted to 2 (response type: eyes vs. hand) � 2 (task: pro
vs. anti) � 2 (stimulus presentation: central vs. peripheral)
analyses of variance (ANOVAs). The means across sub-
jects are presented in Table 1.

As we expected, all of the main effects were significant:
The subjects responded 50 msec faster with the eyes than
with the hands [F(1,7) = 40.01, MSe = 965.04, p � .01];
they responded 49 msec faster to peripheral stimuli than
to central stimuli [F(1,7) = 69.31, MSe = 548.64, p � .01];
and they responded 26 msec faster in the pro (compatible)

Table 1
Mean Reaction Time (RT; in Milliseconds), Percentage
of Correct Responses (% Correct) to the Go Signal, and

Estimated Reaction Time to the Stop Signal (SSRT;
in Milliseconds) as a Function of Response Type, Pro Versus

Anti Task, and Central Versus Peripheral Stimulus Presentation

Central Peripheral

Pro Anti Pro Anti

Go Task

Hands
RT 364 360 306 352
% Correct 95 94 97 95

Eyes
RT 326 331 235 293
% Correct 97 95 98 97

Stop Task

Hands
SSRT 217 215 233 221

Eyes
SSRT 195 183 151 180
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task than the anti (incompatible) task [F(1,7) = 10.76,
MSe = 1,039.13, p � .01].

The main effects were modulated by two interactions:
First, the difference between central and peripheral stim-
uli was greater for eye responses (64 msec) than for hand

responses (33 msec) [F(1,7) = 8.52, MSe = 458.75, p �
.01], suggesting that peripheral eye movements were
more reflexive than compatible hand movements. Second,
the difference between pro and anti tasks was negligible
with central stimuli (1 msec) but substantial with periph-
eral stimuli (52 msec) [F(1,7) = 48.15, MSe = 223.56,
p � .01]. This suggests that peripheral stimuli elicited
reflexive or automatic responses, whereas central stimuli
did not (for similar results with central stimuli, see Proc-
tor, Van Zandt, Lu, & Weeks, 1993, Experiment 5).

The accuracy data mirrored the RT data, suggesting
no speed–accuracy tradeoff. The only significant effect
in the ANOVA on percent correct was the main effect of
stimulus presentation (central vs. peripheral) [F(1,7) =
5.57, MSe = 4.69, p � .05]. 

Stop Task
Inhibition functions. The probability of responding

when given a stop signal [ p(respond | signal)] was com-
puted for each subject in each combination of stop-signal
delay, response, stimulus condition, and task, yielding 40
points for each subject. These data are plotted in Fig-
ure 1.

According to the race model, the p (respond|signal)
depends on go RT, SSRT, and stop-signal delay, which
jointly determine the opportunity the subject has to detect
the stop signal and respond to it before executing the go
response (Logan & Cowan, 1984). The race model pre-
dicts that inhibition functions should become more reg-
ular and consistent as more predictors are added to the
measure of opportunity. The top panel of Figure 1 plots
p (respond | signal) as a function of stop-signal delay 
and shows considerable scatter. The middle panel plots
p (respond | signal) as a function of mean go RT minus
stop-signal delay, reducing the scatter somewhat. The
bottom panel plots p (respond | signal) as a function of
mean go RT minus stop-signal delay and SSRT, reducing
the scatter by a considerable amount. These data suggest
that the race model provides a good account of perfor-
mance, allowing us to compare estimates of SSRT for the
eyes and the hands.

SSRT. The most important data for our purposes are
the estimates of SSRT. The race model provides four ways
to estimate it, and we used the most general one. This
method treats SSRT and go RT as random variables, with
density functions fs(x) and fg (x), respectively. The prob-
ability of responding given a stop signal, Pr (td ), at stop-
signal delay, td , is

(1)

Equation 1 can be treated as a distribution function, be-
cause Pr (Td ) increases monotonically from 0 to 1 as td
increases from �∞ to +∞ . Its density function, φ(td ), is
the derivative of Equation 1,

(2)φ( )
( )
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Figure 1. The probability of responding given a stop signal as
a function of stop-signal delay (top panel), mean go reaction time
(RT) minus stop-signal delay (middle panel), and mean go RT
minus both stop-signal delay and stop-signal RT (SSRT; bottom
panel). Each subject contributed 40 points to each panel. Open
circles represent data from the eyes; filled circles represent data
from the hands.
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The mean of the inhibition function, treated as a distrib-
ution, is

(3)

According to Equation 3, the mean SSRT, T�s , can be es-
timated by calculating the mean of the inhibition func-
tion, T�d , and subtracting it from the mean go RT, T�g (for
further details, see Logan & Cowan, 1984). We esti-
mated SSRT by fitting a cumulative normal distribution
to each subject’s inhibition function, calculating its
mean, and subtracting it from their mean go RT, following
Equation 3. The SSRT estimates were submitted to a 2 (re-
sponse type: eyes vs. hands) � 2 (task: pro vs. anti) � 2
(stimulus presentation: central vs. peripheral) ANOVA.
The means across subjects are presented in Table 1.

The subjects stopped their eye movements 45 msec
faster than they stopped their hand movements. Moreover,
SSRT for hand movements was largely unaffected by task
or stimulus presentation—the fastest and slowest hand
SSRTs differed only by 16 msec. By contrast, SSRT for
eye movements was 29 msec faster in the peripheral pro
condition than in any other condition, and the other con-
ditions did not differ much from each other. The largest dif-
ference between the other conditions was 15 msec. These
data confirm both of the predictions we derived from the
hypothesis that the eyes and the hands were stopped by
separate processes: SSRT was faster for the eyes than for
the hands, and SSRT for the eyes and the hands was af-
fected differently by task and stimulus conditions.

These conclusions were supported in the ANOVA. The
main effect of response type was significant [F(1,7) =
28.16, MSe = 1,130.07, p � .01], and the interactions in-
volving response type were either significant or margin-
ally significant: for the response type � stimulus presen-
tation interaction [F(1,7) = 7.63, MSe = 639.80, p � .05];
for the response type � task interaction [F(1,7) = 4.66,
MSe = 208.12, p � .07]; and for the response type �
stimulus presentation � task interaction [F(1,7) = 4.27,
MSe = 587.87, p � .08]. In addition, the stimulus pre-
sentation � task interaction was marginally significant
[F(1,7) = 4.49, MSe = 223.00, p � .08]. The main effects of
stimulus condition and task were not significant (F � 1.0).

We tested the significance of the differences between
stimulus presentation and task conditions within each re-
sponse type by computing Fisher’s LSD, using the error
term from the highest order interaction (587.87). The value
for p � .05 was 29 msec. This analysis showed that, for
eye movements, SSRT in the peripheral pro condition was
significantly faster than in any other condition, and that,
for hand movements, none of the conditions differed sig-
nificantly from any of the others.

Finally, we analyzed each response type separately in
2 (stimulus condition: peripheral vs. central) � 2 (task:
pro vs. anti) ANOVAs. The critical interaction between
stimulus condition and task was significant in the eye re-
sponse ANOVA [F(1,7) = 11.69, MSe = 285.89, p � .05].
No effects were significant in the hand-response ANOVA.

DISCUSSION

The go-task results replicate standard effects in the lit-
erature. However, their interpretation is somewhat am-
biguous. They are consistent with the hypothesis that go
responses for the eyes and the hands are controlled by
the same mechanisms and with the contrary hypothesis
that they are controlled by separate mechanisms that are
affected in the same way by manipulations of task and
stimulus presentation. The larger effect of pro versus anti
task with eye movements may reflect different control
processes, or it may reflect a greater degree of compatibil-
ity between eye movements and peripheral stimuli than
between hand movements and peripheral stimuli. The eyes
actually moved to the positions of the peripheral stimuli,
suggesting a high degree of “dimensional overlap” be-
tween stimuli and responses (Kornblum et al., 1990). By
contrast, the hands moved to corresponding but noniden-
tical positions, suggesting a lower degree of dimensional
overlap. We were more concerned with the similarities
and differences between stop processes than between go
processes, so we did not try to resolve these uncertainties.

The stop-task results are consistent with the hypothe-
sis that eye and hand movements are inhibited by separate
processes that are governed by similar principles (i.e.,
the race model). First, SSRT was faster with the eyes than
with the hands. Second, stimulus and task conditions had
different effects on SSRT to the eyes and hands. Estimates
of SSRT for hand movements were unaffected by stimu-
lus conditions (central vs. peripheral) and task (pro vs.
anti). The null effect of task replicates previous results
with inhibiting manual responses (Logan, 1981). By con-
trast, SSRT for eye movements was especially fast in the
peripheral pro condition, suggesting a substantial advan-
tage for the stop process in that condition.

Our results are consistent with electrophysiological in-
vestigations of the inhibition of eye and hand movements.
De Jong and colleagues (De Jong, Coles, & Logan, 1995;
De Jong et al., 1990) recorded the lateralized readiness po-
tential with scalp electrodes placed over the motor cortex
in humans, and they found that the magnitude of the po-
tential was reduced substantially when subjects inhibited
hand responses successfully. This suggests that the motor
cortex is involved in stopping hand movements. De Jong
et al. (1995; De Jong et al., 1990) suggested that the motor
cortex was not the only structure involved in inhibiting
hand movements, because the lateralized readiness poten-
tials on stop trials exceeded a criterion that predicted overt
responses on trials with no stop signal. They proposed
two stop processes—a central one measured by the later-
alized readiness potential and a peripheral one produced
by midbrain structures—to account for their data (also
see Jennings, van der Molen, Brock, & Somsen, 1992).

Hanes, Patterson, and Schall (1998) recorded from
single cells in the frontal eye fields of macaque monkeys
during an oculomotor stop task, and they found two types
of cells that appeared to be involved in stopping eye
movements—saccade cells and fixation cells. The firing

T t t dt t f u f u t du dt T Td d s g g s= = + = −
−∞

∞

−∞

∞

−∞

∞

∫ ∫ ∫φ( ) ( ) ( ) .
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rate for saccade cells increased monotonically after the
go signal, reaching a maximum when the saccade began.
On stop-signal trials, the firing rate for saccade cells fol-
lowed the same pattern up to a point and then dropped
precipitously. Estimates of SSRT derived from the mon-
key’s behavior predicted the point of divergence. The fir-
ing rate for fixation cells dropped after the onset of the
go signal and reached a minimum during the saccade. On
stop-signal trials, the firing rate followed the same pattern
up to the estimate of SSRT and then diverged, increasing
as it would during a fixation.

The Hanes et al. (1998) data provide convincing evi-
dence of the validity of the methods for estimating SSRT.
Together with the De Jong et al. (1995; De Jong et al.,
1990) data, they suggest that the eyes and the hands are
inhibited by different anatomical structures, converging
on the conclusions we reached from analysis of our be-
havioral data. The fact that the race model fits both the
Hanes et al. data and the De Jong et al. data suggests that
the different anatomical structures are governed by the
same principles of processing: those described abstractly
by the race model.

An interesting question for future research is whether
other response systems (e.g., vocal gestures, eye blinks,
leg movements) are controlled by the same processes as
the eyes or the hands. Possibly, each distinct response
modality is controlled by its own pathway, but each in-
hibitory control system functions according to the same
race-model principles.
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