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Abstract

Temporal  preparation  and  impulsivity  involve  overlapping  neural  structures 

(prefrontal  cortex)  and  cognitive  functions  (response  inhibition  and  time 

perception), however, their interrelations had not been investigated. We studied 

such interrelations by comparing the performance of groups with low versus 

high non-clinical trait impulsivity during a temporal preparation go-nogo task. 

This  task  measured,  in  less  than  10  minutes,  how  response  inhibition  was 

influenced  both  by  temporal  orienting  of  attention  (guided  by  predictive 

temporal cues) and by sequential effects (produced by repetition/alternation of 

the duration of preparatory intervals in consecutive trials). The results showed 

that sequential effects produced dissociable patterns of temporal preparation as 

a  function  of  impulsivity.  Sequential  effects  facilitated  both  response  speed 

(reaction times -RTs- to the go condition) and response inhibition (false alarms 

to the no-go condition) selectively in the low impulsivity group. In the high 

impulsivity group, in contrast,  sequential  effects  only improved RTs but  not 

response  inhibition.  We  concluded  that  both  excitatory  and  inhibitory 

processing may be enhanced concurrently by sequential effects, which enables 

the  temporal  preparation  of  fast  and controlled  responses.  Impulsivity  could 

hence  be  related  to  less  efficient  temporal  preparation  of  that  inhibitory 

processing.

Keywords: attention; temporal orienting; sequential effects; go no-go task; time 

perception; cueing; trait impulsivity.
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INTRODUCTION

Regular changes in the environment afford the anticipation and preparation of 

efficient behavioural responses to forthcoming events. Response preparation is a 

transient process, which requires several tens of milliseconds to develop and 

decays shortly after reaching a maximum (Bertelson, 1967). However, the time 

course of the optimal state of preparation can be flexibly adjusted to coincide 

with the moment at which a task-relevant event (target) is expected to occur. 

This adjustment is generally called “temporal preparation” and its consequences 

are revealed by improvements in task performance.

Temporal  preparation  can  be  controlled  voluntarily,  “temporal  orienting  of 

attention” (Coull & Nobre, 1998), if individuals are provided with explicit and 

predictive temporal information about when a target is going to appear after a 

preparatory interval (e.g., early: after 400 ms, or late: after 1400 ms; see Correa, 

2010,  for  a  review).  Temporal  preparation  can  also  be  driven  by  previous 

experiences of response preparation (Los & Van den Heuvel, 2001), which is 

known as “sequential effects”. For example, response preparation for a target 

appearing  after  a  short  (400  ms)  preparatory  interval  is  stronger  when  that 

interval involves a repetition of a previous short interval rather than a switch 

from a previous long (1400 ms) interval, even when the sequence of short and 

long preparatory intervals is completely unpredictable (Woodrow, 1914). 

These two mechanisms of temporal preparation have been dissociated in both 

behavioural and electrophysiological research (Correa, Lupiáñez, Milliken, & 
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Tudela, 2004; Los & Heslenfeld, 2005). In a recent neuropsychological study 

we  have  reported  a  selective  impairment  in  temporal  orienting  but  not  in 

sequential  effects  as  a  consequence  of  lesions  in  the  right  prefrontal  cortex 

(Triviño, Correa, Arnedo, & Lupiáñez, 2010). The involvement of the prefrontal 

cortex is important here because clinical and non-clinical impulsive individuals 

show  anatomical  and  physiological  differences  as  compared  to  control 

participants  in  this  brain  area  (see  Brennan  & Arnsten,  2008,  for  a  review; 

Matsuo et al., 2009). 

Impulsivity  is  a  personality  trait  that  has  been  defined  as  "a  predisposition 

toward rapid, unplanned reactions to internal or external stimuli without regard 

to the negative consequences of these reactions to the impulsive individuals or 

to  others”  (Moeller,  Barratt,  Dougherty,  Schmitz,  &  Swann,  2001).  In 

experimental  contexts  of  clinical  impulsivity  (e.g.,  attention  deficit  and 

hyperactivity disorder, ADHD), impulsivity can be operationalised in terms of a 

behavioural deficit in response inhibition tasks (Casey et al., 1997). Thus, the 

common  role  of  the  prefrontal  cortex  in  both  temporal  preparation  and 

impulsivity  suggests  a  close  interrelation  between  these  two  constructs. 

However, to our knowledge, this relationship had not been considered or tested 

so far.

Temporal  preparation  and impulsivity  additionally  share  cognitive processes, 

such  as  response  inhibition  and  time  perception.  Response  inhibition  is 

influenced by impulsivity, as subjects with high trait impulsivity as measured by 
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personality questionnaires have difficulties to inhibit a prepotent response in the 

stop  signal  task  (Logan,  Schachar,  &  Tannock,  1997);  likewise,  inhibitory 

processes  may  play  a  role  during  temporal  preparation  (e.g.,  controlling 

excitatory neural activity, Correa & Nobre, 2008; Davranche et al., 2007). Time 

perception  is  also  influenced  by  impulsivity,  which  could  contribute  to  the 

inability to wait for appropriate moments that is characteristic of this clinical 

disorder (see Wittmann & Paulus, 2008, for a review); likewise, accurate time 

perception is a requisite for temporal preparation (Klemmer, 1956).

The functional overlapping between response inhibition and time perception is 

not surprising given the common involvement of the prefrontal cortex in both 

cognitive  processes  (Coull,  Vidal,  Nazarian,  &  Macar,  2004;  Harrington, 

Haaland, & Knight, 1998; Narayanan, Horst, & Laubach, 2006; Rubia, Smith, 

Brammer, & Taylor, 2003). This led us to hypothesise that impulsivity, which 

shares such prefrontal functions, may influence temporal preparation. Although 

interactions  between  impulsivity  and  temporal  preparation  should  be  most 

evident  under  clinical  conditions  of  impulsivity,  we  still  expected  to  find 

differences in behavioural performance during temporal preparation tasks as a 

function of trait impulsivity according to previous research showing behavioural 

and brain  differences  in non-clinical  samples  (Logan,  Schachar,  & Tannock, 

1997; Matsuo et al., 2009).

The  current  experiment  tested  this  hypothesis  by  comparing  both  temporal 

orienting  (temporal  cue  validity  effects)  and  sequential  effects  (duration  of 
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previous  preparatory  interval  x  current  interval  interaction)  in  non-clinical 

participants with high versus low impulsivity traits. We expected that temporal 

orienting  but  not  sequential  effects  would  be  influenced  by  impulsivity, 

according to Triviño et al.'s findings (2010) in prefrontal patients. The use of a 

response inhibition go-nogo task (presented on each trial after the preparatory 

interval),  and  the  inclusion  of  a  temporal  estimation  task  (presented  in  the 

middle and at the end of the experiment),  further enabled us to test whether 

response inhibition and time perception varied with trait impulsivity. If so, we 

should find both less efficient response inhibition during the go-nogo task and a 

larger perceptual bias in the temporal estimation task in the high impulsivity 

group as compared to the low impulsivity group.

From a rather pragmatic perspective, an important aim of this experiment was to 

develop a shortened version of  the task that  was appropriate  for  diagnosing 

temporal  preparation skills.  That  is,  we tested whether  this  novel  task could 

measure  temporal  orienting  and  sequential  effects  as  reliably  as  previous 

versions (Correa, Lupiáñez, & Tudela, 2006; Triviño et al., 2010) in less than 10 

minutes.

 

METHODS

Participants

A sample of thirty-three students from the University of Granada voluntarily 

completed the adolescent Spanish version of the Barrat Impulsivity Scale (see 

Apparatus section below). Twenty-six participants (mean age: 22.7 years, SD: 
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5.6) whose scores in the questionnaire were either below the 35 percentile or 

above the 65 percentile in our sample distribution were included in the study 

and respectively assigned to groups of low impulsivity (3 males, 10 females) 

and high impulsivity (2 males, 11 females). Data from one participant of the 

high impulsivity group with 65% of false alarms (which was clearly above 5 SD 

from  the  mean:  13%,  SD:  1%)  were  excluded  from  the  analyses.  The 

experiment  was  conducted  according  to  the  ethical  standards  of  the  1964 

Declaration of Helsinki.

Apparatus and stimulus

Trait  impulsivity  was  measured with a  version of  the  Barratt  Impulsiveness 

Scale  11 (Patton,  Stanford,  & Barratt,  1995).  Since some items of the adult 

version could not be easily applied to our university sample (e.g.,  "I  change 

jobs" or "I change residences"), we rather used the adolescent version, which 

has been validated in subjects up to 19 years old  (BIS-11-A, Fossati, Barratt, 

Acquarini, & Di Ceglie, 2002). The translation of this questionnaire to Spanish 

was based on the work by Cosi and colleagues (Cosi, Vigil-Colet, Canals, & 

Lorenzo-Seva,  2008),  in  which  two  Italian  linguists  translated  and  back 

translated the BIS-11-A from Italian to Spanish. The number of items and the 

scoring procedure were similar to the classic BIS-11 scale.

 

The E-prime software was used to control the experiment (Schneider, Eschman, 

& Zuccolotto, 2002). The task stimuli and procedure were very similar to those 

used in our previous experiments (e.g., Correa, Lupiáñez, & Tudela, 2006), with 

the main difference that the task was shortened considerably with the aim of 
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testing a version of quick administration. All the stimuli were presented at the 

centre  of  the  computer  screen  over  a  black  background.  The  fixation  point 

consisted  of  a  dark gray square  (0.25º  x 0.25º  of  visual  angle  at  a  viewing 

distance of 60 cm). The temporal cue was either a short bar (0.38º x 0.95º) or a 

long bar (0.38º x 2.1º).  The short bar indicated that the target would appear 

early (after 400 ms), and the long one that the target would appear late (after 

1400 ms). The go target (0.38º x 0.76º) was either the letter ‘O’, or the letter 

‘X’, whereas the no-go target was the digit ‘8’. The no-go target thus shared 

perceptual  features  with  the  two  go  targets.  There  were  25%  of  trials  that 

included the no-go target. In the go condition, participants pressed the ‘B’ key 

whenever an ‘O’ or an ‘X’ appeared. In the no-go condition, participants should 

inhibit  responding, otherwise  they were provided with feedback showing the 

word “incorrect” for 500 ms and a 2000-Hz auditory tone of 50 ms.

Procedure

Participants were seated at a viewing distance of about 60 cm and performed a 

go-nogo task. They were instructed to respond as quickly as possible only to the 

go targets, and to avoid responding to the no-go target. Each trial began with the 

fixation point presented for a random interval ranging between 500 and 1500 

ms. The temporal cue was then presented in red for 50 ms. Next, the screen 

remained blank for a variable delay of 350 or 1350 ms depending on the SOA 

(Stimulus Onset Asynchrony) for that trial (Figure 1). Therefore, the SOA could 

be either 400 or 1400 ms. The target was displayed for 100 ms and was then 

replaced  by  a  blank  screen  until  the  participant  made  a  response  or  for  a 
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maximum duration of 2000 ms. A final pause of 500 ms, which was used to 

present feedback on incorrect trials, preceded the next trial.

Figure 1.  Schematic of the task design and main events of a trial.

The experiment could be completed within 10 minutes. It included one practice 

block and 4 experimental  blocks.  The practice block included 16 trials  with 

short-bar ('early') cues followed by 16 trials with long-bar ('late') cues (100% 

valid). The experimental blocks were divided into 2 ‘early’ blocks, in which the 

cue indicated that the target would probably appear after 400 ms, and 2 ‘late’ 

blocks, in which the cue indicated that the target would probably appear after 

1400  ms  (cue  validity:  75%).  Thus,  temporal  expectancy  was  manipulated 

between  blocks  to  optimise  temporal  orienting  effects  (Correa  et  al.,  2006; 

Correa, Sanabria, Spence, Tudela, & Lupiáñez, 2006). 'Early' and 'late' blocks 

were  presented  in  alternating  runs,  and  the  order  of  presentation  was 

counterbalanced across participants. Each experimental block included 32 trials 

that were randomly presented on a trial-by-trial basis, from which a 25% were 

no-go trials  (i.e.,  the  digit  “8” was  presented,  so  that  the participant  had to 
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withhold responding); also, the actual SOAs were distributed to have 75% of 

valid cues. On average, half of current SOA trials were preceded by short SOA 

trials.

A temporal estimation task was also included in the experiment. Participants 

had to judge the duration of  intervals  in the minutes range in a prospective 

manner.  That  is,  participants  were  previously  informed  that  at  some  points 

during the experiment they would be asked to estimate how much time had 

passed  since  the  instructions  display  that  appeared  at  the  beginning  of  the 

experiment.  In the middle and the end of the experiment (after experimental 

blocks 2 and 4),  participants  typed on the keyboard how many minutes had 

elapsed since the instructions display.

Design and data analysis

In the temporal preparation task, practice trials, the first trial of each block and 

trials with anticipatory responses before target onset were not analysed. The RT 

analysis computed mean correct RTs between 100 and 1000 ms (0.1% rejected) 

(see  Correa  et  al.,  2006;  and Los & Van den Heuvel,  2001,  for  similar  RT 

filters).  The  error  analysis  computed  the  number  of  responses  in  the  no-go 

condition (i.e., false alarms). Due to insufficient observations of this measure 

(overall,  only 25% of trials  were no-go) on each of the eight  within-subject 

conditions defined by Validity (valid, invalid), Previous SOA (short, long) and 

SOA (short, long), this general design was split into two separate 2x2 analyses 

of variance (ANOVA). Typically, the main effect of validity and the interaction 

between validity and SOA are used to index temporal orienting effects, whereas 

both the main effect of previous SOA and the interaction between previous SOA 
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and SOA are used to index sequential effects. The first analysis tested whether 

temporal  orienting  differed  as  a  function  of  trait  impulsivity  through  an 

Impulsivity x Validity x SOA design (i.e., the two levels of the previous SOA 

factor were collapsed), with Impulsivity group (low, high) as between subjects 

factor.  The  second  analysis  tested  whether  sequential  effects  differed  as  a 

function of trait  impulsivity through an Impulsivity x previous SOA x SOA 

design (i.e.,  the two levels of the Validity factor were collapsed).  Subsidiary 

analyses  of  significant  interactions  were  performed  through  planned 

comparisons. Analogous analyses were performed on the mean RTs of the go 

trials1. 

In  the  temporal  estimation  task,  participants'  temporal  estimates  were 

transformed  from  minutes  to  seconds,  and  the  Temporal  Bias  index  was 

computed  by  subtracting  Estimated  time  minus  Actual  time  (i.e.,  a  positive 

temporal  bias  means overestimation of  time).  Mean values  of  temporal  bias 

were submitted to an ANOVA with the factors of impulsivity (low, high) and 

estimate (first, second). The whole duration of the experiment was also analysed 

for each participant.

RESULTS

Questionnaire.

The impulsivity scores of our sample of 33 participants ranged between 39 and 

81 (mean: 62.48, SD: 11.38). Thirteen scores below the 35% cut-off and thirteen 

scores  above the 65% cut-off  were  submitted to a t-test,  which as expected 

11



showed  significant  differences  between  low  impulsivity  (mean:  51.69,  SD: 

7.49)  and high  impulsivity  (mean:  73.69,  SD:  5.12)  groups,  t(24)=8.74,  p< 

0.001. 

Temporal preparation task.

All participants completed the experiment in less than 10 minutes (mean: 9.04 

min,  SD:  0.38,  range:  8.25-9.89).  Table  1  includes  RT  and  false  alarm 

percentages from the eight experimental conditions of the temporal preparation 

task separately for low and high impulsivity groups.

Table  1. Mean RTs and percentage of  false  alarms (between brackets:  errors  in the no-go  

condition)  broken  down  by  Trait  impulsivity  group  (low,  high),  current  SOA (short,  long),  

Previous SOA (short, long) and Validity (valid, invalid). 

In  the  RT  analysis,  the  Impulsivity  x  Validity  x  SOA ANOVA showed  a 

significant main effect of validity,  F(1,23)=33.2, p<.001, leading to faster RTs 

for  valid  (mean:  434  ms)  than  for  invalid  (mean:  457  ms)  trials  (i.e.,  the 

“temporal  orienting effect”).  The validity  x SOA interaction was significant, 

F(1,23)=10.91, p<.01, which replicated the usual finding that the validity effect 

is selective to the short SOA, F(1,23)=26.48, p<.001, rather than the long SOA 
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(F<1). Impulsivity did not interact with either validity or validity x SOA (both 

Fs<1).

The Impulsivity x previous SOA x SOA analysis2 showed a main effect of the 

previous  SOA,  F(1,23)=22.32,  p<.001,  such  that  RTs  were  faster  when  the 

previous SOA was short rather than long (432 ms vs. 453 ms). The interaction 

between  previous  SOA  and  current  SOA  was  significant,  F(1,23)=36.29 

p<.001,  leading  to  the  typical  asymmetrical  pattern  of  sequential  effects. 

Specifically, the effect of the previous SOA was only significant at the current 

short SOA (p<.001), but not at the current long SOA (F<1). This interaction 

appears  in  Figure  2  (top)  separately  for  low  impulsivity  (left)  and  high 

impulsivity (right) groups. The figure shows that sequential effects were quite 

similar  in  both  groups  (impulsivity  x  previous  SOA x  SOA:  F(1,23)=1.69 

p=.21). No other main effects or interactions were significant (all ps>.15).

In the analyses of false alarms, the Impulsivity x Validity x SOA ANOVA did 

not show significant effects (all  ps>.12). However, the Impulsivity x previous 

SOA  x  SOA  analysis  critically  revealed  that  the  3-way  interaction  was 

significant,  F(1,23)=4.99,  p=.036.  This  interaction  is  depicted  in  Figure  2 

(bottom),  which shows clearly dissociable patterns of sequential  effects  as a 

function of trait impulsivity.
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Figure  2.  Temporal  preparation  guided  by  sequential  effects.  Top. Mean  RTs  in  the  go 

condition for low impulsivity (left panel) and high impulsivity groups (right panel) as a function 

of the previous SOA duration (short – 400 ms, long – 1400 ms) and the current SOA (short –  

400 ms, long – 1400 ms). Vertical bars represent standard errors. Bottom. Sequential effects on 

the  mean  percentages  of  false  alarms  in  the  no-go  condition.  Sequential  effects  produced 

opposite trends depending on trait impulsivity.

Further analysis of this interaction revealed that at the current short SOA the 

effect of the previous SOA showed opposite trends depending on impulsivity 

(impulsivity  x  previous  SOA:  F(1,23)=6.12,  p=.02).  In  the  low impulsivity 

group, false alarms were lower for previous short (15%) than for previous long 

(26%)  trials  (p=.025),  whereas  in  the  high  impulsivity  group  false  alarms 

tended to be higher when the previous trial was short (14%) rather than long 

(9%), although this difference did not approach significance (p=.27). That is, 

sequential effects benefited both speed and accuracy only in the low impulsivity 
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but not in the high impulsivity group. As usual, no effects were significant at the 

current long SOA (i.e., impulsivity x previous SOA: F<1).

Temporal estimation task.

The Impulsivity  (low,  high)  x  Estimate  (first,  second)  analysis  of  the  mean 

temporal bias from participants' estimations showed a significant main effect of 

impulsivity, F(1,23)=7.59, p<.001, so that the high impulsivity group showed a 

much higher overestimation (mean: 170 s) as compared to the low impulsivity 

group (mean: 15 s). The marginally significant effect of Estimate, F(1,23)=3.4, 

p=.08,  suggested  that  estimations  were  less  accurate  for  second  estimations 

(mean: 114 s) as compared to first estimations (mean: 70 s), in line with the 

scalar expectancy theory of timing (Gibbon, 1977). The impulsivity x estimate 

interaction was not significant (F(1,23)=1.29, p=.22).

DISCUSSION

The current study addressed whether temporal preparation was influenced by 

impulsivity. The performances of groups with low versus high non-clinical trait 

impulsivity were  compared during a novel  temporal  preparation task,  which 

duration  (9  minutes)  was  optimised  for  diagnostic  purposes.  The  results 

confirmed  that  the  task  measured  reliably  two  main  effects  of  temporal 

preparation  (temporal  orienting  and  sequential  effects)  and  discriminated 

between different impulsivity traits in a non-clinical sample. The impulsivity 

groups showed differential profiles of temporal preparation and they provided 

dramatically different temporal estimations in the minutes range.
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The  use  of  a  go-nogo  task  critically  revealed  that  the  effects  of  temporal 

preparation upon response inhibition depended on trait impulsivity, while the 

effects  of temporal  preparation on RTs (from go trials)  were  similar in both 

impulsivity groups. Temporal preparation driven by sequential effects improved 

both response speed and response inhibition selectively in the low impulsivity 

group, that is, short-short SOA sequences produced both faster RTs in go trials 

and lower  false  alarm rates  in  no-go  trials  as  compared  to  long-short  SOA 

sequences. In contrast,  the high impulsivity group showed an opposite trend, 

with no improvements on response inhibition as a consequence of sequential 

effects (if any effect, the results of this group rather tended to a speed accuracy 

trade-off). As described below, these findings can have implications for the two 

main models in the literature accounting for sequential effects.

Two models of sequential effects.

Los and colleagues (Los, Knol, & Boers, 2001; Los & Van den Heuvel, 2001) 

were  the  first  to  propose  that  sequential  effects  are  not  as  intentional  and 

controlled as previously thought. Rather, sequential effects are robust enough to 

be expressed without the need of attentional control, as sequential effects on 

RTs  has  been  shown  to  be  larger  for  invalid  vs.  valid  temporal  orienting 

conditions (Los & Van den Heuvel, 2001). The authors argued that sequential 

effects are automatic, since they were largest in the condition where attention 

was not focused (i.e.,  in the absence of valid temporal orienting). Sequential 

effects were then ascribed to an unintentional mechanism of trace conditioning 

between cue (warning signal) and target (Los et al., 2001). According to the 

learning rules of this model, at a current short SOA, preparation is high when 

16



the previous SOA was also short because the repetition of preparatory intervals 

reinforces  or  increases  the  conditioned  strength  of  the  prepared  response 

associated to that interval. However, preparation at the current short SOA is low 

when the previous SOA was long because the conditioned strength to respond at 

short SOAs is decreased (extinguished) by the previous occurrence of a long 

SOA, according to the model.

In the second model, proposed by Vallesi and colleagues (Vallesi & Shallice, 

2007;  Vallesi,  Shallice,  & Walsh,  2007),  sequential  effects  are  explained  in 

terms of different residual alertness after short vs. long intervals, in other words, 

as a sort of arousal inertia. The authors suggest that arousal is enhanced after 

short  intervals,  but  decreased  after  long  intervals.  After  long  intervals 

preparation  becomes  refractory  because  preparing  for  long  intervals  is 

exhausting. 

Thus, these models attribute sequential effects to different sources, which could 

be either trace conditioning (Los & Van den Heuvel, 2001) or automatic arousal 

(Vallesi & Shallice, 2007). Nevertheless, the two models commonly assume that 

response preparation involves a single excitatory process, which is regulated by 

sequential  effects  as  follows:  short-short  sequences  increase  preparatory 

response excitation, whereas long-short sequences decrease it. Note that such 

decrements  in  response  excitation  are  attributed  to  passive  decay (either  by 

exhaustion  or  extinction  of  the  conditioned  response)  rather  than  to  active 

suppression  by  an  additional  inhibitory  process.  According  to  the  inverse 
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relationship between response preparation and RTs, the hypothesis of the single 

excitatory process can account for most results in the literature. 

Since there was no need to postulate inhibition, only an excitatory process is 

explicitly  considered  by  the  models  of  sequential  effects.  However,  most 

research  on  sequential  effects  have  used  RT detection  (and  discrimination) 

tasks,  which  might  not  be  sensitive  enough  to  measure  a  potential  role  of 

response inhibition.

Response inhibition: A new candidate for models of sequential effects.

The above models have focused on response excitation to explain the typical RT 

pattern of sequential effects, but they have not provided predictions regarding 

performance during response inhibition tasks. A working hypothesis that can be 

deduced  from these  models  would  be  that  sequential  effects  will  produce a 

speed accuracy trade-off as a consequence of regulating the response excitation 

process, which is reminiscent of the classic alerting effect that warning signals 

produce on performance, such that increased readiness to react may lead to fast 

and  inaccurate  behaviours  (Posner,  1978).  The  models  associate  short-short 

SOA sequences with high preparation and therefore with increments in response 

excitation.  This  over-activation  can  speed  up  RT  performance  in  the  go 

condition, but it will also make response inhibition difficult so that false alarms 

will  increase.  Following this  hypothesis,  long-short  sequences are associated 

with low preparation and low response excitation, which will facilitate response 

inhibition at the cost of slow RTs.
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However, this hypothesis cannot explain satisfactorily our current findings from 

the  low impulsivity  group,  since  sequential  effects  enhanced  both  response 

speed and response  inhibition.  If  response  excitation  is  low after  long-short 

sequences,  then  why  did  the  low  impulsive  group  commit  more  errors  of 

unsuccessful inhibition in this low-excitation condition as compared to the high-

excitation  condition  of  short-short  sequences?  As  mentioned,  hypo-activated 

responses in long-short sequences (as supported by the finding of slower RTs) 

should be easier, not harder, to inhibit than hyper-activated responses of short-

short sequences. 

Our findings hence raise the possibility that inhibitory and excitatory processes 

co-occur during response preparation exerted by sequential effects. We propose 

that  increments  in  preparatory  activity  after  short-short  sequences  not  only 

concerns excitatory but also inhibitory processing (especially in task contexts 

where response execution has to be controlled on some trials). Hence, the main 

difference with respect to the two mentioned models is that sequential effects 

would involve two processes  (excitatory and inhibitory)  rather  than a single 

excitatory  process.  The  contribution  of  the  inhibitory  process  might  be 

undetectable by simple detection tasks, but it seems crucial in tasks demanding 

response  inhibition.  This  dual  mechanism  hence  improves  behavioural 

efficiency by affording both faster and safer task performance, in the same way 

as a car with a powerful engine also needs good brakes for optimal driving 

performance.  To  conclude,  temporal  preparation  based  on  sequential  effects 

hence improved performance in the current  go-nogo task by enhancing both 
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response excitation (which is most relevant for the go condition) and response 

inhibition (which is most relevant for the no-go condition). 

This  novel account of sequential  effects  has been inspired by brain research 

suggesting  that  temporal  preparation  results  from  the  dynamic  interplay 

between both excitatory and inhibitory processes (e.g., Davranche et al., 2007). 

By  combining  transcranial  magnetic  stimulation  and  electromyography  to 

measure motor evoked potentials during a temporal  preparation task using a 

"fixed foreperiod" procedure (i.e., comparing blocks including only short SOA 

trials vs. blocks of only long SOA trials), this interesting study showed that the 

warning signal  automatically  increases  motor  excitation  that  elicits  response 

execution; however, this activation was controlled by intracortical inhibition in 

order  to  prevent  responding at  inappropriate  moments  along the preparatory 

interval.

This  dual  mechanism  may  account  for  the  finding  that  sequential  effects 

enhanced both RTs and response inhibition in the low impulsivity group. In 

contrast, the high impulsivity group rather tended to behave as predicted by the 

hypothesis  of  the  single  excitatory  process,  as  if  this  was  the  only  process 

available for this group.

Altered response inhibition in impulsivity and sequential effects.

If sequential effects enhanced response inhibition, then why this benefit was 

absent in the high impulsivity group? We suggest that the inhibitory part of the 

dual  mechanism of temporal preparation may be altered in high impulsivity, 
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such that automatic response excitation could not be controlled so effectively as 

in low impulsivity. This explanation relates to the well-established association 

between  impulsivity  and  response  inhibition;  for  example,  non-clinical  high 

impulsive  subjects  show  impaired  response  inhibition  in  stop-signal  tasks3 

(Logan et al., 1997). Recent studies have additionally linked impulsivity with 

conflict and error processing4 (Stahl and Gibbons, 2007).

Lesion studies  have also suggested  that  response inhibition and its  temporal 

control depend on the prefrontal cortex (Narayanan et al., 2006; Rubia et al., 

2003;  Vallesi  et  al.,  2007;  Vallesi  et  al.,  2007),  and  other  studies  reported 

deficits  of  temporal  preparation  in  Parkinson  disease  (Jurkowski,  Stepp,  & 

Hackley, 2005; Praamstra & Pope, 2007). The finding of dysfunctions in the 

prefrontal  cortex and the fronto-striatal  dopaminergic system associated with 

clinical impulsivity and ADHD (Brennan & Arnsten, 2008; Casey et al., 1997) 

further supports our hypothesis relating impulsivity with insufficient inhibitory 

control during temporal preparation, and suggests that this function might be 

mediated by dopaminergic pathways connecting the prefrontal cortex and basal 

ganglia.

The involvement of the cortico-striatal dopaminergic network in both clinical 

impulsivity and timing can explain our finding that the high impulsivity trait 

group  produced  much  larger  overestimations  of  time  in  relation  to  the  low 

impulsivity  group.  The inability  to  wait  for  the  appropriate  time to act  is  a 

characteristic  of  impulsivity  that  has  been  related  to  an  overestimated 
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perception of time (Bachorowski & Newman, 1985; Wittmann & Paulus, 2008). 

That  is,  clinically  impulsive  people  could  show  anticipatory  behaviour  in 

decision-making  tasks  because  they  misperceive  the  deadline  (i.e.,  the 

appropriate moment to respond) as occurring earlier than it occurs objectively. 

Our finding is relevant to this field because it showed a strong dissociation in 

temporal estimation performance between healthy individuals with high vs. low 

impulsivity traits, a result that has been more easily observed in clinical rather 

than non-clinical samples (Wittmann & Paulus, 2008). Most important for the 

current purposes, this finding (1) confirmed that the two impulsivity groups of 

our  experiment  were  processing  time  differently,  and  (2)  supported  the 

sensitivity of the temporal preparation task to discriminate between groups of 

participants only differing in a psychometric variable (i.e. impulsivity trait).

A  surprising  finding  was  that  temporal  orienting  was  not  influenced  by 

impulsivity, as low and high impulsivity groups showed similar effects of cue 

validity on RTs and no validity effects on response inhibition. We expected to 

find differences in temporal orienting between impulsivity groups, according to 

previous  findings  of  impaired  temporal  orienting  in  patients  with  right 

prefrontal  lesions  showing  frontal  symptoms  in  neuropsychological  testing 

(Triviño et al., 2010). It is possible that the non-clinical samples tested in the 

current experiment did not capture the expected interaction, and that temporal 

orienting might be rather affected only in clinical conditions of impulsivity. The 

use of clinical (and larger) samples in future research should also reveal clearer 

patterns  of  speed  accuracy  trade-offs  produced  by  sequential  effects,  which 
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would provide strong support for the role of impaired response inhibition in 

patients with high impulsivity.

To conclude, the present study suggests that inhibitory processing can be the 

mechanism  linking  temporal  preparation  and  impulsivity.  This  inhibition 

mechanism,  but  not  the  excitatory  mechanism,  could  be  altered  in  high 

impulsivity  leading  to  atypical  sequential  effects  as  compared  to  low 

impulsivity. Temporal preparation induced by sequential effects could therefore 

involve  both  excitatory  and  inhibitory  processes  during  the  preparation  of 

responses. A lack of balance between these two processes may account for the 

spectra  of  speed-accuracy  patterns  observed  for  the  temporal  preparation 

phenomena.
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NOTES.

1. In contrast to error data, RT data could indeed be submitted to the full design 

given by validity x previous SOA x SOA. This analysis was interesting to test 

whether  temporal  orienting  and  sequential  effects  interact  (Los  &  Van  den 

Heuvel, 2001). Since this interaction was not significant  here (F(1,23)=2.68, 

p=.16), and similar results were obtained with both the two 2x2 split analyses 

and this  2x2x2 analysis  (validity  main effect:  F(1,23)=6.2,  p=.02;  validity x 

SOA:  F(1,23)=4.01,  p=.057;  previous  SOA  main  effect:  F(1,23)=17.28, 

p<.001; previous SOA x current SOA: F(1,23)=28.49, p<.001), the same split 

design was applied to both RT and error data.

2. Sequential effects could also be understood according to whether the previous 

trial  was  go or  no-go,  according to the literature  about sequential  effects  in 

conflict and cognitive control (Gratton, Coles, & Donchin, 1992; Jones, Cho, 

Nystrom, Cohen, & Braver, 2002). In order to examine the influence of this type 

of  sequential  effects  upon  our  main  effects  of  interest  we  performed  a  2 

(previous trial type: go, nogo) x 2 (previous SOA: short, long) x 2 (SOA: short, 

long) ANOVA, which revealed that sequential effects were significant after a go 

trial (previous SOA x SOA: F(1,23)=32.37, p<.001), but not after a no-go trial 

(F<1).  This  interesting  finding  is  congruent  with  the  two main  accounts  of 

sequential effects (see Discussion). Also, a 2 (previous trial type: go, no-go) x 2 

(SOA: short, long) x 2 (validity: valid, invalid) ANOVA revealed that validity 

effects were significant after a go trial,  F(1,23)=19.75, p<.001, but not after a 

no-go  trial  (F<1).  This  finding  might  suggest  that  increments  in  executive 
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control after a no-go trial could either have induced a more cautious set or have 

interfered the processing of the temporal cue, thus preventing the occurrence of 

validity  effects.  The  interrelations  between  temporal  orienting  and cognitive 

control have been examined in detail elsewhere  (Correa, Cappucci, Nobre, & 

Lupiáñez, 2010).

3. Note, however, that other studies have reported no behavioural differences in 

response  inhibition  performance  when  non-clinical  impulsivity  groups  were 

tested (e.g. go-nogo task: Ruchsow et al., 2008; Stahl and Gibbons, 2007). The 

lack of significant main effects of group in our accuracy data (F(1,23)=2.85, 

p=.11) was thus in agreement with these studies, which suggests caution with 

the interpretation of these findings in terms of a clear behavioural deficit in non-

clinical impulsivity.

4. Stahl and Gibbons (2007) related trait impulsivity with a reduced amplitude 

of  the  error-related  negativity,  an  ERP component  that  has  been  related  to 

response-conflict monitoring (Correa, Rao, & Nobre, 2009; Yeung, Botvinick, 

& Cohen, 2004), which suggests that impulsivity may influence conflict/error 

detection. This result implies that difficulties in detecting errors associated to 

impulsivity would lead to difficulties in the remedial mechanism of post-error 

RT slowing (i.e., slower RTs after errors than after hits). In order to test this 

hypothesis, RTs were submitted to an ANOVA with type of trial (post-hit, post-

error) and impulsivity as factors. Our experiment replicated the robust effect of 

post-error  slowing,  as  revealed  by a  significant  main effect  of  type of  trial, 
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F(1,21)=8.5, p=.008. Post-error slowing tended to be modulated by impulsivity 

in the expected direction, that is, it was numerically smaller for high impulsivity 

(35 ms)  than  for  low impulsivity  (66  ms),  but  this  difference  was far  from 

significance (p>.36), possibly due to the small numbers of trials that could be 

analysed  with  this  design.  We  additionally  analysed  patterns  of  pre-error 

speeding (faster RTs for trials preceding an error vs. a correct response) as a 

function of impulsivity and found that only the high impulsivity group showed a 

marginally significant effect of pre-error speeding, F(1,21)=3.07, p=.09, but not 

the low impulsivity group (F<1), which supports differential responding styles 

between the groups.
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