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Temporal preparation and IT2

Abstract

Preparation over time is a ubiquitous capacity Whioplies decreasing uncertainty about
when critical events will occur. This capacity isually studied with the variable foreperiod
paradigm, which consists in the random variatiorthaf time interval (foreperiod) between a
warning stimulus and a target. With this paradigasponse time (RT) effects of the current and
preceding foreperiods are usually observed (res@dgt called “foreperiod effect” and
“sequential effects”). Both single-process tracenditoning mechanisms and dual-process
accounts have been proposed to explain these loehbweffects. This study aimed at
understanding how manipulations of the the inted-interval (ITl: 1 s vs. 20 s) and the task
context (simple vs. choice RT task) affects the thehavioral effects. Results show that,
regardless of the type of RT task, attenuated se@lieeffects were observed with the longer
ITl, contrary to predictions derived from the traxmnditioning literature. However, the influence
that the ITI duration exerted on the FP effecticalty depended on the task context, since the FP
effect increased as a function of ITI with a chdite task but decreased with a simple RT task.
These findings support a dissociation between fareg and sequential effects, consistent with

a dual-process account.

Keywords: variable foreperiod effect, sequentialeets, preparatory interval, inter-trial

interval, time processing.
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Temporal preparation is the ability to pre-activiite perceptual and motor systems to an event
by predicting its future occurrence (e.g., BausentRolke, Hackley, & Ulrich, 2006; Hackley,
Schankin, Wohlschlaeger, & Wascher, 2007). Temppra@paration can be initiated by following
an explicit temporal cue or, more implicitly, by mtwring elapsing time. The latter is an important
capacity in everyday life, whether it concerns atbutrying to trap its quarry, a sprinter tryirg t
predict the sound of a starting pistol, or a driweurting for the green traffic light.

In experimental psychology, implicit temporal preggeon has been extensively studied by
means of the foreperiod (FP) paradigm (BertelsoBdwns, 1960; Los & van den Heuvel, 2001;
Niemi & Naatanen, 1981; Steinborn & Langner, 201dtlesi & Shallice, 2007b; Woodrow, 1914).
In this paradigm, a warning stimulus of any modalg followed by a target stimulus after a
preparatory interval, called FP. When the FP var@slomly and equiprobably across trials, two
behavioral effects usually emerge. Responses aterfior current longer FPs (variable FP effect),
and they are slower for longer preceding FPs, ésibedor current short FPs (asymmetric
sequential effects). These effects have been obddov different FP averages and ranges (Niemi &
Naatanen, 1981), and for both simple and choicporese time (RT) tasks (Correa, Lupiafiez,
Milliken, & Tudela, 2004; Karlin, 1959; Simon & Sleero, 1975; Steinborn, Rolke, Bratzke, &
Ulrich, 2009; Vallesi, Shallice, & Walsh, 2007c).

Despite the robustness of these empirical finditigs,exact underlying cognitive processes are
still a matter of debate. According to many authdhe variable FP effect originates from a
monitoring process, which continuously checks taasing conditional probability of stimulus
occurrence during the FP to optimize behavior (Gtetson, Montague, & Eagleman, 2009;
Elithorn & Lawrence, 1955; Gottsdanker, 1984; Naati & Merisalo, 1977; Stuss et al., 2005;
Vallesi, 2010; Vallesi et al., 2007b). This probapiis highest for the longest FPs, thus explagnin
the maximum RT benefit in this condition, providédht there are no catch trials (Correa et al.,

2004). The use of catch trials, where no targepressented at all, would indeed decrease the
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conditional probability of target onset for the ¢@mst FPs (which would usually be 100% without
catch trials) proportionally to their frequencyaafcurrence.

Recently, a single-process account has been pwafdrto explain both the variable FP effect
and the sequential effects (Los & van den Heuv@Dl1® On this account, the FP effect is caused
by the trace conditioning mechanisms underlyingueatjal effects. One conditioning mechanism
consists of extinction of response preparation@sated to short FPs, which takes place when these
short FPs are overcome by longer ones during theseoof the trial. This is probably due to the
demanding and aversive need to keep the motormystecheck to avoid anticipatory responses
(e.g., Naatanen, 1971), especially in the presearicevarning signals (Boulinguez, Ballanger,
Granjon, & Benraiss, 2009). Another conditioningam&nism is represented by the reinforcement
of response preparation associated to the spdeffievhich occurs in a given trial. Thus, on this
account, sequential effects originate from therpitéey between extinction and reinforcement of
preparation associated to the different FPs. Stheelongest FPs cannot be overcome by even
longer ones, the preparation level associatedetm tis only reinforced (when they occur), thus also
explaining the RT advantage for long FPs (i.e. vdugable FP effect).

Additional empirical evidence suggests that theaRB the sequential effects are due to at least
partially different underlying neural and cognitinechanisms, as it has been demonstrated by life-
span (Vallesi et al., 2007b; Vallesi, Mcintosh, &uss, 2009), neuroimaging (Vallesi, Mcintosh,
Shallice, & Stuss, 2009), TMS (Vallesi et al., 260@nd neuropsychological (Stuss et al., 2005;
Trivifio, Correa, Arnedo, & Lupiafiez, 2010; Vallegial., 2007a) dissociations. This multimodal
evidence shows that the monitoring process, whsctraditionally thought as responsible for the
variable FP effect (cf., Los & van den Heuvel, 200dsually recruits the right dorsolateral
prefrontal cortex (Stuss et al., 2005; Trivifio let2010; Vallesi et al., 2007a).

On the other hand, traditional strategic explamatiof the sequential effects (e.g., Alegria, 1975;
Granjon & Reynard, 1977) seem to be inapproprigeabse, although sequential effects vanish

with valid temporal cues, they strongly re-emergthwnvalid ones, when strategic processes are
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unlikely to occur (Los & van den Heuvel, 2001). Tioeeperiod and sequential effects are also
dissociable in terms of their anatomical locus.ekd, while lesions to right frontal regions cuase a
reduction of the FP effect (Stuss et al., 2005jasalet al., 2007a), lesions to left premotor regio
are accompanied by a disappearance of the sedueifféiets (Vallesi et al., 2007a). In particular,
left premotor patients do not show the RT advantagshort-short FP sequences, despite a normal
FP effect.

Based on these findings, a dual-process accounpuiaorward (Vallesi, 2010; Vallesi et al.,
2007b,c). This account states that sequential tsfl@® due to tonic arousal modulations deriving
from the preparation duration on the previous tidlis assumption is motivated by evidence from
developmental data. While adults usually do nowsbkaors in this simple behavioral paradigm, 4
and 5 year old children show both anticipationsirduthe FP and very slow or null responses
(Vallesi et al., 2007b). These two types of errars particularly revealing, since they were not
evenly distributed across conditions. On the onedhanticipations occurred more often after
preceding short FPs, suggesting facilitatory meigmasm on motor arousal (also see Vallesi et al.,
2007a). On the other hand, delayed and null regsonsre more frequent after long preceding FPs,
compatible with a temporary refractory period & thotor arousal level. This motor refractoriness
is supposed to be proportional to the preparatioa (FP length) in the previous trial.

Since sequential effects are produced and sustamathly by non-strategic processes
originating from the previous trial (e.g., Los &vden Heuvel, 2001; Vallesi & Shallice, 2007b), it
is conceivable that, on the dual-process accouallg$t & Shallice, 2007a,b), the underlying motor
arousal modulation is temporary in nature and decaiyh more spacing between trials. Thus,
increasing the length of the resting time betweeidst(i.e., inter-trial interval, ITI) is expected
bring arousal levels closer to baseline values.ciipally, if RT facilitation of short-short FP
sequences is time-sensitive, this facilitation @ffehould be reduced with long vs. short ITlIs.
Moreover, if refractoriness after a trial with an¢pFP recovers over time, RTs in long-short FP

sequences would be shorter for long vs. short ITHssummary, both facilitation and refractory
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effects should decrease with long ITIs and, consetiyy sequential effects should either diminish
or disappear.

On the other hand, the dual-process account expthm variable FP effect through a strategic
monitoring process which, starting from the onddhe warning stimulus, continuously checks the
increasing conditional probability of target ocamce over time to optimize behavior (Vallesi et
al., 2007b; Vallesi et al., 2009; also see Elithetnal., 1955; Naatdnen, 1970). Considering
monitoring as an effortful, resource consuming pss¢ a long resting period (ITl) between trials
should allow participants to be more prepared spoad to a target. Consequently, a greater FP
effect (shorter RTs for longer FPs than for shootegs) should emerge with a long ITI than with a
short one. Critically, if the FP effect originattem a monitoring mechanism different from the
mechanism underlying sequential effects (cf., Loga® den Heuvel, 2001), its modulation by ITI
duration should be independent of the ITI influennehe sequential effects.

We now turn to the possible predictions that cdaddderived from the point of view of a single-
process conditioning account (Los & van den Heu2801), as far as the introduction of ITIs of
different durations is concerned. The relationshgiween ITI manipulation and conditioning
mechanisms, also called the trial-spacing effeas, een studied in many fields. For example, in
appetitive conditioning, increasing the ITI mayesigthen conditioning, possibly by means of a
finer estimation of the reinforcement rate when the is larger than the trial duration (e.qg.,
Gallistel & Gibbon, 2000), or by extinguishing assw®ions between conditioned stimuli and
irrelevant contextual cues (e.g., Sunsay & Bou0()8). Similar results have been reported in
eyelid conditioning (Prokasy, Grant, & Myers, 1958pence & Norris, 1950), in trace fear
conditioning (e.g., Barela, 1999; Detert, Kampa, Mbyer, 2008), in taste aversion learning
(Domjan, 1980) and in autoshaping (e.g., Papini &viger, 1994; Terrace, Gibbon, Farrell, &
Baldock, 1975). However, some studies show no effetll on conditioning (Carrillo, Thompson,

Gabrieli, & Disterhoft, 1997; also see Prokasy,3)96
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Thus, if the two FP phenomena are governed by ttanditioning rules (Los & van den Heuvel,
2001), the ITI should either strengthen the conded responses associated with those phenomena
or leave those effects unaffected, as these twierpathave been observed in the other types of
conditioning paradigms reviewed above. Importardgbcording to the single-process model (Los &
van den Heuvel, 2001), the FP and sequential sfigdgobuld be similarly modulated, whatever the
direction of the influence is, since it is assurtiest they are due to the same primary conditioning
mechanisms.

A few studies in the earlier literature had alreathrted to investigate the effect of ITI on the FP
phenomena. Gosling and Jenness (1974) used 6df@®g from 0.5 to 10.5 s, in a simple RT task
with a variable FP paradigm, and two ITIs (5 and s)Oin different blocks. Two groups of
adolescents (with and without intellectual disdiet) were tested. The effect of ITI manipulation
was not significant in the control group. In thegp with intellectual disabilities, when the longer
ITI was used, RTs tended to decrease as the Feasex (i.e., increasing FP effect), and tended to
increase as previous FP increased (i.e., increasggential effects). Given the null effect of ITI
manipulation for the control group, these earlyulsscannot help distinguishing between current
theories of FP phenomena.

Granjon and collaborators (Granjon, Possamai, Rdyi@aOberti, 1979) used a simple RT task
with a variable FP paradigm (FPs of 1.5 and 3 dg)raanipulated the ITI as follows: no ITI or ITI
of different length (3, 6, and 9 s) administeredcklwise. They found that RTs on the longest FP
were significantly shorter with ITIs than withowtigo see Granjon et al., 1977). This RT advantage
was consistent regardless of the duration of tHe Ffom the point of view of the dual-process
account, these results suggest that the introductian ITI provides some resting to the effortful
monitoring process, making it more effective by rééiming RTs in long FPs. Moreover, RTs in
short-short FP sequences were shorter without kth&ih with one, regardless of the ITI duration.
Since previous studies found that longer ITls inseethe effects of associative learning, this tesul

would not be consistent with conditioning theorafs sequential effects. On the dual-process
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account, the introduction of an ITI would diminigie non-strategic motor facilitation in short FPs

following short FPs. Thus, the results by Granjod aolleagues (1977) seem to support, in part,
the dual-process account. However, a reductionTinfd® short FPs following long FPs was not

found, suggesting that the refractory period, éists, is resistant to ITI manipulations.

In order to better clarify the mechanisms spediffcanderlying sequential and FP effects, we
conducted two variable FP experiments, in whichnaanipulated the ITI duration. The ITI was
varied between blocks to avoid confounding influefrom possible FP-like effects of variable ITIs
(i.e., a general RT reduction after long vs. slibis). For the short ITI, we used a duration of,1 s
similar to the range normally used in the FP ltiera (e.g., Los & van den Heuvel, 2001; Steinborn
et al., 2011; Vallesi et al., 2007b). For the lage, we used a duration which was beyond those
employed before (i.e., 20 s), in order to incretse sensitivity of the experimental manipulation
and to find boundary conditions which were unexgdbby previous studies on the effect of ITI on
the FP phenomena (Gosling et al., 1974; Granjoal.etl979; Granjon et al., 1977). In the first
experiment, we used a 2-choice RT task. This méatipn was meant to engage participants in the
task and prevent anticipatory responses. In thenskone, we used a simple RT task, following
some classical research on non-specific preparéian, Niemi & Naatanen, 1981). A number of
studies reported that the FP phenomena are quaditasimilar across the two types of tasks (e.g.,
Los & Horoufchin, 2011; Stuss et al., 2005). Neleltss, we wanted to check whether our main
findings would hold across different task context4oreover, if task-dependent dissociations
between FP and sequential effects could be obsethiedfinding would be in favor of a dual-

process account.

Experiment 1
In Experiment 1 we used a variable FP paradigm withoice-RT task, and manipulated the ITI
block-wise (1 vs. 20 s). According to the dual-ges account (Vallesi & Shallice, 2007b), we

expected a reduction of sequential effects andrdrarecement of the FP effect in the 20 s ITI
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blocks with respect to the 1 s ITI blocks. On thikeeo hand, if we extrapolate from the previous
literature, the conditioning perspective (Los & vdan Heuvel, 2001) would predict either a
parallel increase of both effects (Detert, KampaW&yer, 2008; Prokasy, Grant, & Myers, 1958;
Sunsay & Bouton, 2008) or no change at all (e.gryillo et al., 1997). In other words, while both
the conditioning account and the dual-process medeld be consistent with an increase of the FP
effect with longer ITls, although for different sams, they differ in their predictions concernihg t
modulation of the sequential effects, which shdugdenhanced for the former and reduced for the

latter as a function of ITI duration.

Method
Participants
Thirty-seven young volunteers (22 females, aveeage 25 years, range: 18-35) took part in the
experiment. All of them were right-handed with awermge score of 82 on the Edinburgh
Handedness Inventory (Oldfield, 1971). All reportealiing normal or corrected-to-normal vision
and no auditory or neurological impairment. Pgpteits signed an informed consent form and
received 8 Euros for participating. Data from omendle participant were excluded from the

analysis because her accuracy was more than twdasthdeviations below the group mean.

Apparatus and Materials

The experiment was conducted using E-prime 2 (SdeneEschman, & Zuccolotto, 2002), with
responses collected from a standard keyboard.cipentits viewed the display at a distance of ~60
cm from the centre of the computer screen, withitikdex finger of the left and right hands resting
on keys Z and M, respectively. Headphones (SONY MIIPR80) were used to present the
auditory warning stimulus at a comfortable levetidg the whole experiment. All visual stimuli
were presented on a black background. The warngmalswas a 1500 Hz pure tone presented for

50 ms. A centrally presented cross, consistingvof yellow crossed bars 1.0 x 0.5 cm in size, was
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used as the fixation stimulus, and marked the wiodparatory period. The target was either a
white square or a white equilateral triangle (hei@hcm) presented for 300 ms. Two FPs of 1 and 3
s were presented randomly on an equal number alstrdrawn from a rectangular a priori

probability distribution. The ITI was manipulatetb&k-wise (1 or 20 s).

Procedure and Task

Participants were tested individually in a silenaormally illuminated room. They received
written instructions explaining both the courseegénts and the task. The experiment began only
after the participants were confident that they hamlerstood the task. Participants had to
discriminate between a square and a triangle, tichwiiney responded with their index fingers by
pressing a button of the computer’'s keyboard (EiarThe assignment between target shapes and
response keys was counterbalanced across partEifarticipants were instructed to stress speed
and accuracy equally.

A trial started with the ITI, consisting in a blaskreen lasting 1 or 20 s, which was fixed within
the same block of trials. Both the fixation crossl @he auditory warning stimulus were presented
after the ITI to announce the imminent appearaiit¢heotarget. The fixation cross remained on the
screen until target presentation (1 or 3 s). Thgetadisappeared with the response key-press or
after a deadline of 1.5 s, whichever happened #fer this, a new trial began.

The whole task consisted of two blocks of trialsakhonly differed in the ITI duration (1 or 20
s). Each block was formed by 4 practice trialslofwed by 80 experimental trials, which were
divided in two sets of 40 trials each, with a shmatise in between. Feedback on wrong responses
was provided for the practice trials only. The ordé presentation of the two ITI blocks was

counterbalanced between participants.

Data Analysis
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RTs were analyzed with repeated-measures 2x2x2 ANONcluding the following within-
subject factors: ITI (1, 20 s), preceding FP (%),3and current FP (1, 3 s). Since accuracy data we
not normally distributed by the Lilliefors test, weed the non-parametric Wilcoxon matched pairs
test to separately analyze the effect of ITI, pdgog FP and current FP on accuracy. Performance
data from practice trials, the first trials of eachn, trials with the RT outside the 150-1200 ms

range and with false alarms during the FP wereadisd from further analyses.

Results
Accuracy.There were more errors for short FPs (2.8%) thaoftg ones (1.7%) [Z = 2.39,=
.019]. There was no effect of ITp£.2) or preceding FPp€.66). False alarms during the FP
(0.13%), anticipatory responses given during thet 150 ms after stimulus onset (0%), delayed
responses over 1200 ms (0.07%), and null respg@<#2%6) were very infrequent, if any.

Response TimebMlean RTs and their standard error of the meanegrerted in Table 1.

Table 1. Mean RT (and standard error of the meatpeding to the ITI, preceding foreperiod

(FP) and current FP for the two experiments.

Preceding FP Preceding FP
1sec 3 Sec
Current FP Current FP Current FP Current FP
1sec 3 sec 1sec 3 Sec

Experiment 1
ITI 1 sec 469 (12) 465 (10) 507 (12) 468 (11)
ITI 20 sec 490 (14) 460 (10) 513 (13) 468 (12)
Experiment 2
ITI 1 sec 316 (9) 305 (7) 361 (9) 305 (7)
ITI 20 sec 318 (7) 316 (7) 348 (10) 322 (7)

RTs were shorter for current longer FPs than farteh ones [current FP main effe€i(1,
35)=59.9,p<.00001, partiah’=.63, see Figure 1la]. The FP effect was increasetié 20 s ITI

block (38 ms) with respect to the 1 s (22 ms) dieX FP interactionf(1, 35)= 5.9p=.02, partial
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n’=.14] Although the FP effect differed between the 1Tls, it was significant for both the 1 s IT|
(p<.0001) and the 20 s one<(00001). However, no significant RT difference wassent between
the two ITls either for the short FpH.12) or for the long ong€.77).

RTs were longer for previous longer FPs than fevjmus short ones [preceding FP main effect:
F(1, 35)=37.1, p<.00001, partialn’=.51]. This sequential effect was asymmetrically reno
pronounced for current short FPs [FP x precedingnétaction:F(1, 35)=17.2,p=.0002, partial
n%=.33]. Sequential effects for current short FPagl&Pn-1 vs. short FPn-1) were present for both
the 1 s ITI block{(35)=7.2,p<.00001] and the 20 s ITI block35)=3.6,p<.001], but they were not
significant for current long FPs (for botp>.19). A three-way interactior=(1, 35)=5.05,p=.03,
partial 1°=.13; see Figure 1a] showed that sequential effectsurrent short FPs were smaller in
the 20 s ITI block (23 ms) than in the 1 s ITI o3 ms), as also demonstrated by planned
comparisonsp=.025). In particular, RTs were longer for shortidlsequences in the 20 s ITI than
in the 1 s onet(35)=2.25,p<.03]. The RT difference between the two ITIs was significant for

long-short sequences (p=.49).

Figure 1. Mean RTs (ms) and standard errors ofrttean (error bars) according to current FP,

preceding FP and ITI in Experiments 1 (Panel A) @an@anel B).
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Discussion

In the first experiment, the ITI manipulation resdl in a reduction of the sequential effects and

an increase of the FP effect as a function of I0iatlon. As revealed by additional analyses, the
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former result was mainly due to a reduction in feémalitatory effect for short-short sequences as a
function of increasing ITI duration. The dual-presemodel (Vallesi et al., 2007b) is able to
account for these findings by assuming that theraatic facilitation in the arousal level due to
sequentially fast preparation processes (as itredaushort-short FP sequences) decays over time.
On this account, the increase of the FP effectlmamexplained by assuming that the monitoring
process, being controlled and resource demandergfits from long resting periods, such as in the
20 s ITI blocks. This second finding, however, nd@pend on the task context and not only on the
ITI duration. If the task would be less engagingrnthn Experiment 1 (e.g., simple vs. choice RT
task), the FP effect might show a decrease as @idunof ITI due to reduced motivation, and
therefore less intensity of effort allocated (Ackan, 2010). On the other hand, the ITI
manipulation should have a similar influence on #eguential effects (i.e., ITI-dependent
reduction), under the assumption that they are raotematic and independent of task context. We

shall test this hypothesis in the next experiment.

Experiment 2

In Experiment 2, we wanted to test whether thelte$tom Experiment 1 could be generalized
to a simple-RT task context. An ITI of 20 s couldrt out to be boring when employed for a simple
RT task. In order to check this, we decided to mesmsariations in motivation, attention, boredom,
and fatigue in the two ITI conditions. Therefone,this experiment, we asked participants to self-
evaluate their subjective state along these 4 dioas (Helton & Warm, 2008; Matthews &
Davies, 2001; Matthews & Westerman, 1994). If oanipulation would be successful, we expect
motivation and attention to decrease in the 20 Isblocks compared to the 1 s ITI blocks.
Conversely, we expected fatigue and boredom teeass in the 20 s ITI blocks with respect to the
1 s blocks. For the sequential effects, we expectedplicate the main findings of Experiment 1: a
clear reduction of sequential effects with the ofsa simple RT task as one moves froma 1 s ITl to

a 20 s ITI. However, it is not straightforward teegict how the FP effect would be modulated by



Temporal preparation and ITI 15

ITI. On the one hand, we would expect to replidghteresults of Experiment 1, that is, an increase
in the FP effect with ITI, possibly due to a benefithe strategic monitoring process from the a&xtr
resting provided by the long ITI. On the other hath@ FP effect could be reduced with ITI length
if, in this simple RT task, this manipulation aldecreases motivation and attention, which are
relevant to gather the resources necessary toirsul&a strategic monitoring process supposed to
underlie this effect (Stuss et al., 2005; Vallgsale 2007Db).

For the conditioning view, besides from an expeaedease of the sequential effects (and of the
FP effect) with ITI, as can be predicted basedhmnprevious literature (e.g., Sunsay & Bouton,
2008; Prokasy et al., 1958), the specific task irequents and motivational factors are not
supposed to influence the basic FP phenomena.idtige to the fact that, on this account, both the
sequential effect and the epiphenomenal FP effextdae to unintentional processes. Previous
evidence has indeed shown that these specific ggeseremain unchanged even with more direct
manipulations of motivation, such as a financiabaed based on performance (Los & van den

Heuvel, 2001).

Method

Participants.

Twenty-four volunteers [12 females average age: y2ars, range: 20-33] took part in
Experiment 2. A male participant was excluded ffanther analyses since his RTs were more than
4 standard deviations above the group mean. Ortipant had already participated in the first
experiment four months before. All the participawtse right-handed with an average score of 79
on the Edinburgh Handedness Inventory (Oldfield/1)9 All had normal or corrected-to-normal
vision and no auditory or neurological impairmemRarticipants signed an informed consent form

and received 8 Euros for their participation.

Apparatus and Materials.
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The material was the same as in Experiment 1. ditiad, information about the subjective state
of the participants was also collected through ekealuation of four items. Participants had to
subsequently self-evaluate their state of motivatisoredom, fatigue, and attention, on a visual

analog scale, as outlined below.

Procedure and Task

While the apparatus and stimuli remained the sahmetask changed. It consisted in a simple-
RT detection task in which participants had to oegpas quickly as they could to the presentation
of an image (a square or a triangle) by pressiagtace bar with their right index finger.

Moreover, at four evenly spaced moments within dzobk (i.e., every 20 experimental trials),
participants were asked about their subjectivee sthtattention, motivation, boredom and fatigue.
The order of these questions was randomized. Reatits responded with the mouse, by moving a
small bar over a horizontal bar, where the lefttmeodreme meant low level (“0”) and right-most
extreme meant a high level (“100") of each of thetdtes under investigation. After participants

answered the 4 questions, they were asked to rethemsemple RT-task by pressing any key.

Data Analysis

RTs were analyzed with a repeated-measures 2x2x2\MNincluding the following within-
subject factors: ITI (1, 20 s), preceding FP (%k)3and current FP (1, 3 s). Performance data from
practice trials, the first trials of each run, Isiavith the RT outside the 150-1200 ms range and wi

false alarms during the FP, were discarded froitinéuranalyses.

Results
Accuracy.False alarms during the FP (1.36%), anticipatospoeses given during the first 150
ms after stimulus onset (0.03%), delayed responses 1200 ms (0.03%), and null responses

(0.1%) were very infrequent.
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Response Timeslean RTs and their standard error of the mearreperted in Table 1. RTs
were shorter for current longer FPs than for smastees [current FP main effed¥(1, 22)=23.9,
p<.0001, partiah?=.52]. The FP effect was reduced in the 20 s IBtkl(14 ms) with respect to the
1 s (34 ms) condition [ITI x FP interactioR(1, 22)= 10.6p=.004, partian’=.32], a modulation
that was opposite to what found in the previouseeixpent. In particular, responses for the long FP
condition became slower from the 1 s ITI to thesaghe p=.027), while there was no difference in
RTs for the short FPp€.7). Moreover, the FP effect, although reducedhim 20 s ITI, remained
significant 0=.022).

RTs were also longer for previous longer FPs tlmarpfevious short ones [preceding FP main
effect: F(1, 22)=71.7,p<.00001, partialn22.76]. Sequential effects were asymmetrically more
pronounced for current short FPs [FP x precedingnEd?action:F(1, 22)=57.5p<.00001, partial
n%=.62]. The sequential effects were significant be turrent short FP both in the 1 s ITI block
[t(22)=11,p<.00001] and in the 20 s ITI block22)=5,p<.0001], but not for current long FPs (1 s
ITI: p>.91; 20 s ITl:;p>.096).

A three-way interactionF(1, 22)=15.7 p=.0006, partiah’=.42; see Figure 1b] indicated that,
for the current short FP, sequential effects wedriced in the 20 s ITI block (30 ms) with respect
to the 1 s ITI block (45 ms), as also demonstrate@lanned comparisonp<.008). However, the
sequential effects for current short FPs (long ERfs- short FPn-1) were significant both for the 1
s ITI (p<.00001) and for the 20 s ITp<€.0001). Moreover, the RT difference between the W
conditions (1 s vs. 20 s ITI) was not significatther in the long-short sequences(11) or in the
short-short ones (p>.7), suggesting that the ITdatfwas due to an overall reduction of sequential
effects at short FPs in the 20 s ITI condition.

As far as the scores for the mental state selfsassent are concerned (averaged across the four
assessments), motivation and attention decreased thie 1 s ITI blocks to the 20 s ITI blocks
[t(22)=-3.27,p=0.0035 and(22)=-5.02,p=0.00005, respectively], while the opposite ocauiriar

boredom and fatigue(P2)=5.29,p=0.000026 ant(22)=3.29,p=0.00335, respectively].
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Discussion

In Experiment 2, we replicated again the clasdidaleffect and asymmetrical sequential effects
often reported in the literature of nonspecific ganation (Niemi & Naatanen, 1981). Like for
Experiment 1, a significant reduction of sequeng&#ects in the 20 s ITI condition was also
obtained here. Significant changes in the measorewtal states (attention, motivation, boredom
and fatigue) as a function of the ITI were obtaingdlicating that our ITI manipulation was
successful in producing two different subjectivatas. Previous studies have already shown that
neither asymmetrical sequential effects nor theefféct are affected by mental fatigue (Langner,
Steinborn, Chatterjee, Sturm, & Willmes, 2010; ¥ail] 2007). In contrast to these studies, in the
present experiment we were able to show a redudtiothe variable FP effect. However, in
previous studies (Langner et al., 2010; VallesQ7)0the ITI was not dramatically lengthened as in
our Experiment 2. Moreover, in these earlier steidieental fatigue was indirectly inferred from
time-on-task and increase in absolute RTs, andinettly measured (like we did in our experiment
2), thus lacking evidence for a reduction in pgraats’ motivation and attention.

In contrast to the results of Experiment 1, by gansimple RT task, the FP effect was reduced
in the long ITI condition. The nature of the tasluld have modulated the direction of the changes.
In Experiment 1, participants were engaged in Zgmual discrimination (i.e., choice RT) task.
Conversely, in Experiment 2, they just had to detther target by pressing a key (simple RT
task). In Experiment 2, RTs in long FPs were sigaiitly longer in the 20 s as comparedto the 1 s
ITI condition, while in Experiment 1 they were coangble between the two ITIs. Recent models of
attention suggest that less engaging tasks, suahsamsple RT task, require more active control of
attention and vigilance when they have to be peréat for extended periods of time (Pilcher,
Band, Odle-Dusseau, & Muth, 2007; Walker, Muth, @Blusseau, Moore, & Pilcher, 2009). A
reduction of attention and motivation, togetherhwat parallel increment in boredom and fatigue,

might have affected performance in long FPs. Coarsisvith the dual-process account, this finding
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can be explained with an impairment of the mommgrprocess with longer ITIs due to a larger

demand of processing resources under this lesgenpask context.

General Discussion

In this study, we investigated the effects of tasktext (simple vs. choice RT task) and ITlI
duration (short vs. long) on the variable FP phegwen The ITI manipulation in Experiment 1
showed opposite results for the FP effect (increéasih longer ITl) and the sequential effects
(reduced with longer ITI), while in Experiment 2 vi@und a reduction in both the FP effect and
sequential effects as a function of ITI. If, on #iegle-process account, these two effects were due
to the same cognitive process (Los & van den He@@)1), they should have changed in the same
direction in both studies. However, our resultsgasy that there are at least partially different
processes underlying these effects, supportinguléprocess account (Vallesi et al., 2007b).

The most important finding of both experiments wagduction of sequential effects in the 20 s
ITI condition, compared to the 1 s ITI which, aad¢ in Experiment 1, was mainly caused by an
increment of RTs in short-short sequences. Thesdtseconfirmed, in part, the hypotheses derived
from the dual-process account. On this accounyesgpl effects should be reduced with an ITI of
20 s, both by a loss of facilitation in short-sheeguences, and by an RT reduction in long-short
sequences. These predictions are explained asvilldn the dual-process account, higher levels
of arousal are transferred to the next trial adtesrter FPs than after longer ones (facilitatidectf
in short-short sequences). On the contrary, maimgia high state of preparation in long FPs is
tiring and effortful, posing a refractory periodeafthem. This effect is greater for current sikd?s.
With current short FPs, indeed, the preparatiortgss gets exhausted from the previous trial and
cannot be compensated through probability monigprwhich benefits longer FPs only (when the
probability of target occurrence is highest). Asoasequence, participants are slower in long-short
sequences. Thus, although refractoriness may dftgbtshort and long FPs, in the latter case it can

be compensated by the process monitoring the isicrgaconditional probability of stimulus
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occurrence in time. Thus, although the two kindspafcesses (motor arousal regulation and
monitoring) can be dissociated neurally and develmally (Vallesi et al., 2007a; Vallesi &
Shallice, 2007b), they interact in terms of ovefsRinder normal conditions.

Our data support the facilitation mechanism, whieks reduced in the long ITI condition,
though significantly so in Experiment 1 only, confing previous data by Granjon and colleagues
(1977). However, the refractory period does notrsee decrease over time: providing participants
with extra time to rest and recover did not sigmafitly decrease RTs in long-short sequences. It is
possible that with the 20 s ITI, phasic refractess decreased, but at the cost of boredom and tonic
fatigue, thus masking possible resting benefits. Abkenowledge the limitation of the subjective
self-evaluations of mental state and suggest thatrd research should use more objective (i.e.,
electrophysiological) measures of fatigue and abusnother alternative explanation for a lack of
ITI effect on refractoriness is related to the tasktching literature, where the residual exogenous
switch costs cannot be prevented even with longs,ITWhich implies that the task-set
reconfiguration needs the next target onset tailhg implemented (e.g., Rogers & Monsell, 1995).
On a similar vein, it is possible that, also in tregiable FP paradigm, motor refractoriness is not
completely resolved unless a new response is exgcafter the onset of the next imperative
stimulus, at least up to the longest ITI testece {20 s). At this stage of knowledge, this is caay
analogy and the issue clearly deserves furthestigegion.

Nonetheless, we were successful in obtaining amatvweduction of sequential effects for the
current short FP in the long 20 s ITI blocks (irittbexperiments), a finding that is compatible with
the arousal account of the sequential effects,uaggoward in the dual-process model (Vallesi &
Shallice, 2007b). A reduction of sequential effasthowever at odds with the trace conditioning
theory (Los & van den Heuvel, 2001), since thedraonditioning literature found either no ITI
effect (Carrillo et al., 1997) or an enhancementcofditioning mechanisms with longer ITIs

(Detert et al., 2008; Prokasy et al., 1958; Spé&nbrris, 1950; Sunsay & Bouton, 2008).
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The present study focused on the task-irrelevam {jiTI), which being by definition a resting
period does not necessarily require the processagurces that generally sustain performance.
Consistent with this consideration, we did not fiad ITI main effect on absolute RTs. Other
studies focused more on the task-relevant FP co(&&inborn & Langner, 2012; Vallesi, 2007,
experiments 1 and 2; also see Niemi & N&atanenl)19Bhe resource-demanding monitoring
process is more intensely required (and draina#agable resources at a larger extent) during the
FP than during the ITI. Increasing the FP averageattn is thus expected to proportionally
decrease the available processing resources witbegoent worsening of the performance level.
These studies have indeed demonstrated that thpeR@drmance globally declined when the FP
average duration increased across experimentsraoré, locally, when the longest FPs in the range
were repeated in higher order sequences of teals, (Steinborn & Langner, 2012).

In conclusion, the FP effect was modulated by #@uene of the task in the 20 s ITI condition. In
Experiment 1, it increased using a choice RT tagk|e in Experiment 2 it diminished using a
simple RT task. However, sequential effects weteiced in both cases. Thus, the modulation of
sequential effects and FP effect by the ITI lendjth not always occur in the same direction. This
pattern of findings goes in favor of theories ptaing different underlying processes for these two

FP phenomena.
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