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ABSTRACT

Manual and saccadic reaction times (MRTsand SRTs) are reduced when
awarning signal precedes the onset of atarget. The decreasing on SRTs
observed after the offset of afixation point has been called the gap effect.
Different theories have been proposed to explain it. According to some
authors, the offset also alows the saccadic system to generate a separate
population of SRTs, the express saccades. Nevertheless there is no
agreement about the influence of the offset of a peripheral stimulus on
MRT. Intwo experimentswetested the effects of aperipheral visual offset
used aspreparatory signal on MRTsto atarget after variableintervals. We
found areductionon MRT at short (200-300 ms) and long (1300-2000 ms)
intervalsafter theperipheral offset. MRT distribution shifted toward short
latencies, which sometimes formed a separate population. Since MRTs
obtained at longinterval swere affected by theintroduction of catchtrials,
while MRTs at short intervals were not, we propose that two different
mechanismsareinvolved in thedecreasing of MRTs: warning and tempo-
ral expectancy. Our data support the hypothesis that the temporal com-
ponent involved with the preparatory stages for motor responses can be
shared by saccadic movements and key press responses, alowing the
reductiononmotor latenciesafter thevisual offsetinthegap paradigm. Our
data corroborate the three components model for the gap effect. In our
view, the question of the existence or not of a gap effect for manual
responses is essentialy conceptual.

Keywords: Reaction time; Preparation; Expectancy; Gap effect; Visual offset; Express
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INTRODUCTION

Since the last century there has been general agreement that reaction
times are reduced when awarning signal precedes the onset of atarget (for
details®). Ross and Ross®® showed that manual reaction times (MRTS) to
avisual target were equally reduced no matter if the preparatory signal (S1)
was the onset or the offset of afoveal stimulus. In contrast, the reduction
on saccadic reaction times (SRTs) was greater when the offset was used
instead of the onset of a visual preparatory stimulus®. However, data
obtained by our group“® have shown that MRTs are also differentially
affected by the previous onset or offset of avisual stimulus. In one of these
papers® onset and offset of a peripheral S1 were used as awarning signal.
Our results showed that S1 offset produced MRTs shorter than those
observed when the onset of S1 preceded thetarget (S2). Thisfacilitation on
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MRTSs for offset trials was observed for S2 presented both
contra- and ipsolaterally to S1. In short, our data support the
idea that the onset or offset of a visual non-informative cue
produce different effects on MRT to a second stimulus.

Theinterest in the different effects of S1 onset or offset on
motor responses to S2 has increased with the studies about
phenomena such as the gap effect and the express saccades.
Saslow® was the first to show that if the fixation point (FP)
disappeared prior to target onset (gap paradigm) SRTs were
reduced. When the FP remained on throughout the trial (over-
lap paradigm), the mean SRT was about 250 ms; when the FP
offset was simultaneous to the stimulus onset (gap 0), the
mean SRT was about 200 ms; and when the FP disappeared
200 ms before the target onset (gap paradigm), SRTs decrea-
sed to about 150 ms. This reduction on SRTs has been called
“the gap effect” (for details?).

Fischer and Boch® in monkeys and Fischer and Ramsper-
ger® in humans confirmed Saslow’ s findings regarding the gap
paradigm and showed additionally that SRT distribution in
many subjects can form two distinct modes or peaks. In
humans, the first peak occurred around 100-120 ms and the
second one occurred around 160-180 ms. The very short laten-
cy group inthe SRT distribution was called Express Saccades -
ESs™. According to Fischer, “express saccades are defined by
their extremely short reaction times (70 msin monkey, 100 msin
man), which often form a separate peak in the reaction time
distribution” ™ (p. 553) - bimodal distribution criterion. More-
over, after training, some subjects were able to reduce or even
eliminate the later peaks, thus resulting in an unimodal distri-
bution with a single peak around 100 ms™ - absolute latency
criterion. Other researchers'®¥, however, though confirming
the reduction on SRTs with the gap paradigm, do not support
the idea of ESs. According to their interpretation, neither the
bimodality nor the latency criterion are convincing enough to
propose the existence of ESs.

Someimportant additional findingswerereported by May-
frank et al.*® and Braun and Breitmeyer®®. In these studies,
the onset of the target was preceded by the offset of a pe-
ripheral visual cue, while FP remained unchanged, i.e. remai-
ned on. Both studies showed that SRTs were reduced and the
ESs demonstrated after a peripheral offset, even with no FP
offset. In agreement with Saslow®, they also showed that the
best interval to produce the reduction on SRTs was between
200 and 300 ms.

The mechanisms underlying the reduction of SRTsin the
gap paradigm are not yet completely understood (for a
review®). It isalso not clear whether the reduction on reaction
times observed with visual offset represents a general senso-
ry-motor phenomenon or if they are restricted to the saccadic
system. In fact, some authors*?9 have tried to elicit express
manual responses using choice reaction time paradigms. In
short, no evidence has been presented for the existence of a
sub-population of manual reaction times corresponding to the
express responses. These results led us to study the effects of
visual offsets on manual responses by changing some of the
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experimental procedures used by other researchers. In the
present study, we employed the simple reaction time para-
digm, which, in our view, isbest suited to demonstrate “ reflex-
like” manual responses. We also decided to use a peripheral
offset instead of a FP offset (as Mayfrank et al.“® and Braun
and Breitmeyer®® did) and, to avoid anticipatory errors and/or
time-locked manual responses, we used variableintervals bet-
ween the offset of S1 and the onset of S2. Thus, our experi-
ments differ from most of the previous onesin three important
ways: the use of asimple manual reaction times paradigm; the
use of a peripheral stimulus offset instead of a fixation point
offset; and the use of avariable array of intervals, since most
of the studies used a constant interval or a blocked array of
intervals (i.e., during a block of trials, the interval was cons-
tant - typically 200 ms).

EXPERIMENT 1

Inthefirst experiment, we collected manual reaction times
to visual targets after a peripheral visual offset in order to
determine whether the findings observed by Mayfrank et al .
and Braun and Breitmeyer®® concerning SRTs also apply to
MRTs. Our main questions are: 1) Is there a reduction on
simple MRT when a peripheral stimulus offset precedes the
target onset, such as occurred for SRT?2) If it occurs, what is
thetime course? 3) Isit possible to distinguish different popu-
lations of MRTsin the latency distribution, just as it has been
found for SRTs?

MATERIAL AND METHODS

Subjects

Eight subjects (four males and four females) participated
voluntarily inthisstudy. All of them were right-handed accor-
ding to the Edinburgh Inventory®, had normal or corrected
vision, and their ages ranged from 20 to 35 years. They were
undergraduate or graduated students at Federal Fluminense
University, and had already participated in previous experi-
ments in our laboratory, although they were naive with res-
pect to the goals of the present experiment.

Apparatus

The experiments took place in a sound-attenuated room,
under dim ambient light. The subjects sat in front of a CRT
screen driven by a PC-486 microcomputer, which timed the
stimuli and recorded the MRT. The head was positioned in a
head-and-chin rest so that the distance between the eyes and
the screen was approximately 57 cm. Before data collection,
subjects were given some training and the importance of main-
taining fixation was stressed. During this training, eye move-
ments were monitored by the experimenter sitting behind the
subject, using a suitably oriented mirror. The observer did not
notice any shift in gaze directions before target presentation.
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Moreover, in this experiment, the target was always presented
around the fixation point (see below), i.e., in afoveal region.

Procedure

Each trial began with the simultaneous presentation of a
central point (fixation point - FP) and asquare (S1 - 0.5°x 0.5°)
located 4° above it. After 700 ms, S1 went off and after a
variable interval, the imperative stimulus (S2 - an identical
square) flashed for 100 ms around the FP. The position of S2
close to the FP helped preventing eye movements. The inter-
vals between S1 offset and the S2 onset were 0, 100, 200, 300,
500 and 2000 ms (Figure 1). These intervals had the same
probability of occurrence and varied at random. The subjects
wereinstructed to fixate at the FP and to use the offset of S1 as
acue for the onset of S2. They were a'so instructed to press a
microswitch with the right index finger as soon as they detec-
ted S2. After each manual response, itslatency (MRT) appea-
red, in milliseconds, onthe screen for 1000 ms. Next trial began
immediately after this presentation. Stimulus luminance was
11.5 cd/m? and background luminance was 0.2 cd/m?. All the
subjects performed three sessions of 300 trials in separate
days (approximately 30 minutes per session). The sessions
consisted in four blocks of 75 trials interspersed with one or
two minutes to rest. Fifty MRT for each interval were measu-
red daily. The first session was considered to be training, and
its results were not considered in analysis. MRTs shorter than
100 msor longer than 700 mswere considered to be errorsand
generated a written message “anticipation” or “slow respon-
se”, respectively, which remained on the screen for 1000 ms.
These trials were repeated at the end of each session.
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Figure 1 - Schematic representation of stimulus display; and temporal
sequence of occurrence of the fixation point (FP), the first - preparatory
- stimulus (S1) and the imperative stimulus (S2) for the first experiment

The medians of MRTs obtained in the second and third
days were submitted to an analysis of variance (ANOVA) in
which “day” (second and third) and “interval” (0, 100, 200,
300, 500 and 2000 ms) were used as within-subjects factors.
We also performed a post-hoc analysis using Newman-Keuls
method. The significance level adopted was p<0.05.

RESULTS AND DISCUSSION

In this first experiment, the error-trials corresponded to
4.33% (208 errorsin 4800 trials), and almost all of them were
anticipations (MRTs shorter than 100 ms). These errors ten-
ded to be equally distributed among subjects and between
second and third days. However, anticipations increased for
thelongest intervals: from 19 errorsat theinterval 200 msto 88
errorsat theinterval of 2000 ms.

The ANOVA showed a significant effect of “interval”
(F(5.35)=26.871, p< 0.001) but not “day” (F(1,7)=0.123, p=
0.733) onthe MRTs. No interaction was observed between the
two factors (F(5.35)= 0.256, p= 0.932). Figure 2 shows the
variation of MRTsasafunction of stimulusinterval. The post-
hoc analysis showed that manual responses were longer for
theinterval of 0 ms (248 ms) than for any other interval. MRTs
for theintervals of 200, 300 and 2000 msdid not differ among
them (213, 217 and 216 ms, respectively) and were shorter than
the others. MRTs for the intervals of 100 and 500 ms did not
differ (226 and 228 ms, respectively), but were statistically
different from the others. Thus, two zones of facilitation for
manual responses were found: one at 200-300 ms and another
at the longest interval (2000 ms).

Thetime course of thefirst facilitationisquitesimilar tothat
observed in the gap paradigm for saccades (for a review™).
Indeed, in order to define the best interval to reduce SRTS,
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Figure 2 - Mean latency of manual reaction times (ordinate) as a
function of the interval (abscissa) for the eight subjects. The error bars
indicate +1 standard error of the mean
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Mayfrank et al.*® and Braun and Breitmeyer®® tested the effec-
ts of different gap duration (intervals) on SRT. Both studies
concluded that the optimal interval was 200-300 ms, and SRTs
werenot so fast for shorter (50 ms) or longer (500 ms) intervals.
The intervals of 200-300 ms were also the most effective in
generating a noticeable peak of express saccades. On both
studieswith SRTs, theinterval wasblocked, i.e., during ablock
of trialstheinterval was constant. In our experiment, the inter-
vals were always randomly distributed during the test. Despite
thisfact, we observed that theinterval s of 200-300 mswere also
very efficient in reducing MRTSs.

MRT distributions were made for the eight subjects with
the data of the second and third days grouped. Therefore,
there were 100 MRTs for each tested interval in the distribu-
tions. It was used a bin width of 10 ms, i.e, the first bin
included MRTs from 120 to 129 ms, and the last from 310 to
319 ms. Figure 3 shows datafrom one subject for the six tested
intervals. From 0 to 300 ms intervals the distributions are
shifted toward shorter MRTSs, while longer reaction times are
more frequent at interval 500. Finally, there is a tendency
toward shorter MRTs at interval 2000. Figure 4 shows the
MRT distributions for the eight subjects for the intervals of 0,
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Figure 3 - Distribution of manual reaction times in the six tested

intervals for a subject (subject 1). The number of manual responses

- frequency (ordinate) was plotted as a function of manual reaction

times (abscissa). It was used a bin width of 10 ms and there were 100

manual responses per condition. The number in the box on the upper-

left of each graph represents the median of the manual reaction times
(in ms) for that interval
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200 or 300 and 2000 ms. All subjects showed shorter MRTs at
intervals 200/300 and 2000 msinrelation to the 0 msinterval.
Noticethat distinct profilesof MRT distributions emerged for
the eight subjects. For some subjects a population of MRTs
can be seen at short latencies: subject #2 showed a unimodal
distribution peaking at about 170-180 msfor intervals 300 and
2000. For subject #6 apeak occurred at 180-190 msfor interval
2000. Unimodal distributionswere al so present for subjects#1
and #8 (peaks at about the latencies of 200 and 210 ms) at
intervals 200 and 2000, and for subjects #4 and #7 at interval
2000 (peaksat about 220 ms). MRT distribution for subjects#3
and #5 revealed almost no MRT shorter than 200 ms. In fact,
for these subjects, thefirst peak of MRTs on their distribution
was around the latency of 220 ms.
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Figure 4 - Distribution of manual reaction times in the intervals of 0O,

200 or 300 and 2000 ms for the eight subjects. The number of manual

responses - frequency (ordinate) was plotted as a function of manual

reaction times (abscissa). It was used a bin width of 10 ms and there
were 100 manual responses per condition
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Our data also showed that MRT distributions were more
scattered than those observed for saccadic responses. Seve-
ral profiles of distributions emerged and tended to be more
variable across subjects in relation to the studies with
SRTs®9. However, despite this variability, two subjects (#2
and #6) had short MRTsforming apeak at about the latency of
180 ms. For others (e.g., #1, #7 and #8), apopulation of MRTs
was found peaking at about 200-210 ms. This population of
short MRTsis completely absent at the interval of 0 msfor all
subjects. In summary, leftward shiftson manual latencieswere
observed for short (200-300 ms) and long (2000 ms) intervals.
The offset of a peripheral Sl is able to reduce and induce
shifts toward short latencies on MRTSs.

The second facilitatory zone, found at the interval of
2000 ms, however, is unexpected given that this |ater facilita-
tory temporal zone was not observed for saccadic eye move-
ments. In fact, Mayfrank et al.*® reported a decrease in the
population of ESs at the longest tested intervals (in their case,
600/800 ms). We believe that this later facilitation isdueto a
more general effect related to the expectancy, by the subject,
that a stimulus which did not occur at short intervals will
certainly appear later, at 2000 ms. According to this point of
view, expectancy (the preparatory mechanism that takes place
when someone is waiting for a stimulus that will certainly
occur) would have a mgjor influence at the longest interval,
but little or no effect at short intervals. This hypothesis was
tested in a second experiment. Moreover, to be sure that the
effect observed at long intervals was not due to the anticipa-
tion of the exact moment of target occurrence, wewill vary the
longest interval from 1300 to 1900 ms.

EXPERIMENT 2

In this experiment we tested the sensibility of the two
facilitatory zones observed in experiment 1 to theintroduction
of catch trials. As mentioned above, if expectancy hasamajor
effect on MRTs at the longest interval, the uncertainty about
S2 occurrence (introduced by catch trials) would produce a
major effect at the longest interval, increasing MRTSs.

MATERIAL AND METHODS

Subjects

Other eight subjects (four male and four femal es) participa-
ted voluntarily in this experiment. All of them were right-
handed according to the Edinburgh Inventory® and had
normal or corrected vision. They were undergraduate stu-
dents at Federal Fluminense University, their ages ranged
from 19 to 21 years, and they had never participated in pre-
Vious experiments.

Apparatus

The apparatus was the same asin experiment 1, except that
thisexperiment ran on aApplellemicrocomputer, the stimulus

luminance was 7.5 cd/m? and the background luminance was
0.1cd/m?,

Procedure

Each trial began with the simultaneous presentation of a
central point (fixation point - FP) and asquare (S1 - 0.5°x 0.5°)
located 4° to the right of the central point. After 2000 ms, S1
went off and after a variable interval, the imperative stimulus
(anidentical square- S2) flashed for 100 msaround the central
point. The interval between the offset of S1 and the onset of
S2 varied randomly and with the same probability among 50,
250 and 1600 ms(Figure5). In addition, theinterval of 1600 ms
varied randomly from 1300 to 1900 ms. The subjects were
instructed to fixate the FP and to use the offset of S1 asacue
for the onset of S2. They were also instructed to press a
microswitch with the right index finger as soon as they detec-
ted S2. Subjects were notified that there were two different
conditions on separate days: no-catch and catch conditions.
In the no-catch condition subjects were informed that S2
would occur in 100% of the trials. In the catch condition, S2
would occur only 80% of the time. Therefore, in the latter,
subjects were never sure about S2 occurrence. After each
manual response the latency of that response (MRT) in milli-
seconds appeared on the screen for 1500 ms. Next trial began
immediately after this presentation. All the subjects performed
three sessions of 300 trialsin separate days (approximately 30
minutes per session). Each session had four blocks of 75 trials
and one or two minutes of resting between the blocks. The
first session was considered training and its data were exclu-
ded from the statistical analysis. This session included sepa-
rately one block of the catch condition and another of no-
catch condition. In the second and third sessions, only one
condition was used at a time. For 50% of the subjects the
second session was performed on the catch condition and for
the other 50%, the no-catch condition was used instead. MRT
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Figure 5 - Schematic representation of stimulus display; and temporal
sequence of occurrence of fixation point (FP), the first - preparatory -
stimulus (S1)andtheimperative stimulus (S2) for the second experiment
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shorter than 100 ms or longer than 700 ms were considered
errors (anticipation and slow responses, respectively) and
were discarded. Also, when subjects pressed the microswitch
in atrial without S2 (catch trials), an error was committed.
When one of these errors were detected, instead of the MRT,
the messages “anticipation”, “slow response” or “error” ap-
peared on the screen for 1500 ms. All errors-trialswere repea-
ted at the end of each session.

The medians of MRTs obtained in the second and third
days were submitted to an analysis of variance (ANOVA) in
which condition (no-catch and catch) and interval (50, 250 and
1600 ms) were used as within-subjects factors. The datawere
also submitted to a post-hoc analysis using the Newman-
Keuls method. Thelevel of significance adopted was p<0.05.

RESULTS AND DISCUSSION

In this experiment, the error-trials corresponded to 3.66%
(176 errorsin4800trials), and almost all of them were anticipa-
tions (93%). These anticipations tended to be equally distri-
buted among subjects and between conditions (46% for no-
catch and 54% for catch condition). Subjects pressed the key
inatrial without S2 (“catchtrials”) only 13 times.

The ANOV A showed asignificant main effect of “interval”
(F(2.14)= 7.418, p= 0.006). There was aso a significant
interaction between “interval” and “condition” (F(2.14)=
11.659, p= 0.001). Figure 6 shows the mean MRTSs for each
interval and condition for the eight subjects. MRTsat interval
50 were 204 and 207 ms for no-catch and catch conditions,
respectively; at interval 250, MRTs for these conditions were
192 and 193 ms, respectively. The post-hoc analysis showed
that MRTsat intervals 50 and 250 were statistically different.
At these intervals, MRTs for both conditions did not present
a significant difference. On the other hand, for interval 1600
ms, MRTs in the no-catch condition were shorter than in the
catch condition (198 and 215 ms, respectively). MRTs for
intervals 250 and 1600 (192 and 198 ms, respectively) did not
differ in the no-catch condition. However, in the catch condi-
tion MRTsfor interval 250 (193 ms) were shorter than thosefor
interval 1600 (215 ms).

The results obtained in experiment 2 for the no-catch con-
dition were similar to those observed in experiment 1, showing
that the facilitation at the longest interval was not due to the
temporal prediction of target occurrence. Although in experi-
ment 1 thelongest interval had afixed duration of 2000 ms, in
experiment 2 it varied randomly from 1300 to 1900 ms and,
despite this, the presence of facilitation was evident. We
observed, once again, facilitation at interval 250 for both con-
ditions (no-catch and catch). Indeed, the most important re-
sult obtained in experiment 2 was the slowing down of MRTs
at the longest interval in the catch condition. It means that
when the occurrence of S2 was sure, expectancy was maximal
and MRTs were minimal. However, when catch trials were
introduced (20% of the trials) MRTs increased, thus indica-
ting that under this condition expectancy was smaller.
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Figure 6 - Mean latency of manual reaction times (ordinate) as a function
of interval (abscissa) and condition (CATCH x NO-CATCH) for the eight
subjects. The error bars indicate +1 standard error of the mean

GENERAL DISCUSSION

Initialy, itisimportant to comment about the relevance of
using a peripheral offset instead of a fixation offset in our
experiments. First, it allows a comparison with the studies of
Mayfrank et al.®™® and Braun and Breitmeyer®®, which also
employed peripheral offsets. As the goal of this study was to
compare our MRTs data with their SRTs data, it would be
important to have similar procedures. The second reason is
that by using peripheral offsets we could present S2 around
the FP. This procedure isimportant to discourage the subjects
to make an eye movement during the experiment. Since S2
would be detected more efficiently if their eyes were maintai-
ned on the FP the subjects would fare better in the testsif they
avoid moving the eyes.

We commented, in the introduction, about the results
obtained by Ross and Ross?® regarding the effects of FP
changes on SRTs and MRTs. Both studies showed that diffe-
rences between onset and offset were observed only for
SRTs. However, as mentioned, data obtained by our group“®
have shown that MRT can also be differently affected by the
onset or the offset of aperipheral cue. There are somereasons
to explain the discrepancy between our data and those obtai-
ned by Ross and Ross. First, we used simple motor responses
(pressing of akey), while in the experiments of Ross and Ross
subjects had to move alever (to the left or to the right) upon
the target’ s occurrence to generate the MRTs. Thus, while we
used non-oriented responses and distal muscles, they used
oriented motor responses and proximal muscles. Second, in
the present work, onset and offset were intermixed and ran-
domly distributed along the experiments. In the papers of
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Ross and Ross onset and offset were blocked. It meansthat in
a block of trials only onset trials were adopted; offset trials
were used in another block. In fact, in another experiment
we found some evidences that the context in which offset and
onset trials were presented (blocked vs non-blocked) does
have an important role in determining MRT. Differences bet-
ween onset and offset trialsfor MRTs were greater when non-
blocked procedures were adopted.

In this study, the time course of the facilitation found for
MRTs was similar to those obtained by Mayfrank et al.®®,
Braun and Breitmeyer® and Saslow® for SRTs. The best
interval to produce facilitation on motor responses was 200-
300 ms. The similarity between our dataand those obtained for
saccades at short intervals suggest that both motor systems
must share some common mechanisms. However, differently
from the studieswith SRTs, we also found a second facilitato-
ry zone at longer intervals.

Based on their data, Kingstone and Klein®, Klein et al.®
and Reuter-Lorenz et al.*Y proposed the so called two-compo-
nent model to explain the gap effect. According to them, the
reduction on motor responses observed in the gap paradigm
would have two components: First, awarning component whi-
chfollowsany warning event (e.g., the offset of avisual stimuli)
and is common for both saccadic and manual responses; se-
cond, afixation offset component which is specific for saccades
and is observed only when FP is turned off. This second com-
ponent would be mediated by the fixation neurons (FN) located
in the rostral pole of superior colliculus @. According to this
view, the offset of afoveal stimuluswould decrease the inhibi-
tory activity that FNs exert on collicular neuronsinvolved with
eye movements, decreasing saccades latency®?. However,
any involvement of collicular FNswith the observed reduction
on MRTs is difficult to accept for two reasons: i) There is ho
evidencethat the offset of a peripheral stimulus can also reduce
the activity of FNs; and ii) the superior colliculus has little or
nothing to do with movement of distal muscles, which were
used in our procedures.

More recently, Forbes and Klein®), Taylor et al.®® and
Trappenberg et a.® introduced a third component to this
hypothesis: an endogenous top-down interference due to
someinstructional or temporal prediction (previsibillity) of S2
occurrence. In fact, Findlay and Walker®? have al so emphasi-
zed the involvement of the temporal component (the “when”
component) in their model for saccade generation. We propo-
se that the decreasing on MRTs observed in our experiments
can also be attributed to this endogenous top-down effect.

In our view this endogenous top-down component is rela-
ted to the preparatory mechanisms that follow the peripheral
offset. In the case of SRTs experiments, preparation would be
represented by the increased activity of build-up neurons of
superior colliculus during the gap interval (for details about
build-up activity in superior colliculus®39), For MRTSs, this
motor preparation can also occur and maybe contribute to a
decrease on motor latencies. In fact, using experimental proce-
dures that involve an instructed delay period between a cue

and the triggered movement, many papers have documented
the effects of this motor preparation activity. This kind of
activity has been shown to occur in many motor centers: the
motor cortex®™-3), the basal ganglia“®*? and also at spinal
interneurons“®. It seems obvious that for the development of
this preparatory activity subjects must be able to predict the
timing of target occurrence - temporal expectancy. We propo-
se that the warning effect and the temporal expectancy effect
arethe major responsible for MRT decreasing observed in our
experiments.

Theinvolvement of expectancy in our results can be stron-
gly suggested by the results of the second experiment. Only
MRTs at the longest interval were affected by the introduc-
tion of catch trials. We believe that when catch trials were
introduced (experiment 2), volunteers could not be sure about
S2 occurrence, so their MRTsincreased dueto aless efficient
preparatory activity.

The term expectancy has been used here as a synonym for
motor preparation or preparatory set. The effects of expectan-
cy/motor preparation in decreasing responses latencies and
increasing performance are well known“-*9. Some authors
consider the Contingent Negative Variation (CNV) asan elec-
troencephal ographic (EEG) representation of these phenome-
nal*478%-5D - An important finding in this matter was obtained
by Gomez et al.®?. These authorsfound differencesin cortical
potential s between gap and non-gap (gap 0) paradigms. Using
FP offset, they collected choice MRTs for gap-200 ms and
gap-0 mstrials and showed that gap-200 induced some altera-
tions in event-related potential which are compatible with
expectancy of target occurrence by the subject. This finding
corroborates the endogenous top-down influences proposed
by Forbes and Klein®, Taylor et al.t% and Trappenberg et
al®d, It means that some cortical preparation really occur du-
ring the gap interval, and it has to do with the timing of target
occurrence - temporal expectancy.

An interesting aspect of expectancy isthat it could also be
present at short intervalsin ablocked array of intervals. When
just one interval is used in ablock of trials, it seems obvious
that subjects will develop an expectancy to the timing of
stimulus onset. We believe that in experiments that use fixed
intervals, specially those without catch trials, part of the faci-
litation found in the gap paradigm may be due to this general
effect called expectancy, since under these conditions sub-
jects can be sure about the moment of the stimulus onset.

In the study of Braun and Breitmeyer®, using experimen-
tal procedures similar to those adopted for us, a population of
express saccades was easily found. In the SRT distribution,
they found a population of saccadic responses around the
latency of 100-120 mswhen the interval between the periphe-
ral offset and the stimulus onset was 200-300 ms. They com-
ment that for all (four) tested subjects, SRT distributions sho-
wed asimilar pattern. In our study, MRT distribution showed
shifts toward short latencies for intervals 200, 300 and 2000.
However, data obtained in this and another study®® showed
that distribution of MRTSs tended to be more scattered than
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those observed for SRTs®". Despite this, for two subjects (#2
and #6), apeak of MRTswith short latencies (at about 180 ms)
emerged. For other subjects (#1, #4, #7 and #8) a peak of
MRTs appeared at about 200-210 ms. Therefore, our data
indicate that MRTs with short latencies (similar to the “Ex-
press Saccades’ - “express MRT") can also be produced, at
least for some subjects. As we cannot propose that fixation
offset effect contributes to the reduction on MRTs observed
here (see above), we are forced to conclude that warning and
temporal expectancy are sufficient to induce leftward shiftsin
our distributions, forming a separate peak of short MRTSs.

An intriguing finding of the present study is the fact that
MRTSs observed at short intervals were not affected by catch
trials. These data apparently contrast with those obtained by
Juttner and Wolf®. In their study, fixed gap intervals were
used (200 ms) and they found that SRTs increased as catch
trials were introduced. However, | said “apparently” because
thesingleinterval used intheir experimentswas 200 ms. Thus,
we can interpret their results as another evidence that only the
last tested interval is affected by catch trials, and the temporal
context is a fundamental point to be considered in reaction
times experiments. Therefore, their data corroborate our inter-
pretation that temporal expectancy hasamajor influence at the
longest tested interval.

Finally, if fixation offset effect really cannot be considered
for manual responses and peripheral offsets, why are MRTs
for short intervals so fast as those obtained for long intervals?
Remember that if the reduction on MRTs were mainly dueto
temporal expectancy, so MRTs should be faster for longer
than short intervals. There aretwo possibilitiesto explainit: i)
we cannot completely discard that fixation or peripheral off-
sets are able to produce little or residual influences on MRTs
at short intervals, just as fixation offsets reduce SRTs. If
fixation offset really has notihng to do with limb movements,
how can the results obtained by Bekkering et al.®® be explai-
ned? These authors found a significant gap effect for pointing
and choice key-pressing movements. Moreover, other theo-
ries also admit that different motor systems (for example, ma-
nual responses) can be affected by the gap effect. Thisisthe
case of the “attentional theory” proposed by Fischer and co-
workers (for details?). ii) Subjects could have adopted the
strategy of generating two “expectancy waves’ during the
experiments, an early and a late one. The first “expectancy
wave’, addressed to the short intervals, for strategic reasons,
would not be affected by catch trials. Top-down influences
should induce an increasing in this early expectancy due to
the high probability of target occurrence at short intervals.

In conclusion, our data support the hypothesis that the
temporal component involved with the preparatory stages for
motor responses can be shared by saccadic movements and
key press responses, allowing the reduction in the latency of
motor responses after the visual offset in the gap paradigm. In
our view, however, the question for the existence of the gap
effect for manual responses needs first to be addressed at the
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conceptual level. What does the gap effect really mean, for
instance? Facilitation on MRTs after peripheral offset due to
warning and preparation (endogenous top-down component)
can be considered a“ gap effect” ? Or the gap effect should be
considered a synonym of fixation offset effect? It will be thus
necessary first to define “gap effect” in precise terms before
concluding anything about its existence concerning other
motor patterns beyond saccades.

RESUMO

Ostempos de reagdo manuais e sacadicos (TRMs e TRSs) sdo
reduzidos quando um sinal de aviso precede 0 aparecimento
do alvo. O decréscimo nos TRSs observados depois do desa-
parecimento do ponto de fixagdo tem sido chamado de efeito
deintervalo. Teorias diferentes foram propostas para explica-
lo. De acordo com alguns autores, o desaparecimento também
permite ao sistema sacédico gerar uma popul acdo separadade
TRSs, as sacadicas expressas. No entanto, ndo ha concordan-
cia sobre a influéncia do desaparecimento de um estimulo
periférico no TRM. Em doisexperimentos, testou-se osefeitos
de um desaparecimento visual periférico empregado como um
sinal preparatorio para os TRMs a um alvo, apés interval os
variaveis. Encontrou-se umareducdo no TRM parainterval os
curtos (200-300 ms) e longos (1300-2000 ms) apds o desapare-
cimento periférico. A distribuicdo dos TRMs deslocou-se
paralaténcias curtas, formando por vezes popul agbes separa-
das. Visto que os TRMs obtidos em interval os longos foram
afetados pela introducdo de sessbes capciosas, enquanto que
0s TRMs em intervalos curtos ndo o foram, propde-se que
dois mecanismos diferentes estéo envolvidos no decréscimo
dos TRMs: alerta e expectativa temporal. Nossos dados sus-
tentam a hipétese de que o componente temporal envolvido
com 0s estagios preparatérios das respostas motoras podem
ser compartilhados pelos movimentos sacadicos e pelas res-
postas de apertar botdes, permitindo a reducéo das laténcias
motoras apds o desaparecimento visual, dentro do paradigma
do intervalo. Nossos dados corroboram o modelo de trés
componentes do efeito de intervalo. Em nosso ponto de vista,
a questdo da existéncia ou ndo do efeito de intervalo para
respostas manuais é essencialmente conceitual.

Descritor es: Tempo dereacdo; Preparacdo; Expectativa; Efei-
to deinterval o; Desaparecimento visual; Respostas expressas
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