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Temporal preparation

= an increased readiness to act before an expected event; consequently, 
reaction time should be reduced.
 enables us to focus on specific moments in time so as to enhance
sensory processing during a brief period.



Foreperiod effect

+

*

Cue (neutral)

SOA: 400, 800, 1200, 1400 ms

Target

Response

Fixation cross

Foreperiod effect

Ex
p

ec
ta

ti
o

n

Time

(Trillenberg et al., 2000; Janssen and Shadlen, 2005; Nobre et al., 2007)



Sequential effect

Ex
p

ec
ta

ti
o

n

Time

Ex
p

ec
ta

ti
o

n

Time

(Alegria and Delhaye-Rembaux, 1975; Los and Van den Heuvel, 2001; Los et al., 2014, 2017)



Endogenous temporal orienting
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(e.g.,Coull & Nobre, 1998; Miniussi, Wilding, Coull, & Nobre, 1999; Nobre, 2001) 



Endogenous temporal orienting
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Rhythmic temporal orienting
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Rhythmic Cue

SOA 1000 ms

Target
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Fixation cross
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(e.g., Jones et al., 2002; Sanabria et al., 2011; 
De la Rosa et al., 2012; Rohenkohl et al., 2012; Breska and Ivry, 2018)



Temporal preparation : 4 components

Foreperiod effect

Reproduced from Nobre & van Ede, 2018
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Objectives 

1. To assess the 4 components of temporal preparation.

2. To test the trajectories of these components in aging.



Experiment 1 
Young adults : A same paradigm to assess the 4 components



XP 1: Method

Single paradigm : Foreperiod; Sequential; Endogenous TOE; Rhythmic TOE

• 119 young adults (20 +- 4 years old; range: 17-45) – 106 women

+

Randomly between 
500-1500 ms Cue : 200 ms

*

SOA : 
Variable in function of condition Target : 150 ms

Response screen : 
2000 ms max. 

Neutral cue Cue for long SOA

(a) Neutral cue for the Foreperiod 
and the Sequential effect 

Randomly between 
500-1500 ms

(b) Cues for short or long SOA for the 
endogenous temporal orienting effect

Cue for short SOA

(c) Cues for the rhythmic temporal orienting effect at a regular or irregular pace 

…



XP 1: Results

BF10=1.23E+24 BF10=2.37E+11

BF10=7.78E+15
BF10=8.89E+10



Temporal effects RT mean Foreperiod Sequential Endogenous 
TO

Foreperiod r=-.07 
BF10=0.15

Sequential r=-.18
BF10=0.74

r=-.02 
BF10=0.12

Endogenous TO r=-.09
BF10=0.18

r=-.06 
BF10=0.14

r=.21
BF10=1.53

Rhythmic TO r=-.11
BF10=0.24

r=.04 
BF10=0.13

r=-.01
BF10=0.12

r=.15 
BF10=0.41

XP 1: Results

Temporal effects not related to the general RTs Temporal effects not related between them



Temporal preparation : 4 components

Foreperiod effect

Nobre & van Ede, 2018
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Temporal preparation : aging

• Age-related changes in temporal processing (Droit-Volet, 2016; Friedman & Janssen, 2010; Janssen, 

Naka, & Friedman, 2013; Lamotte & Droit-Volet, 2017; Maaß,Wolbers, van Rijn, & Riemer, 2021; Wearden, 2005; Wittmann & Lehnhoff, 2005)

vs. temporal judgement processes (Mioni et al., 2020; Droit-Volet et al., 2019; 

Capizzi et al., 2022)

• Working memory; attention (Baudouin, Isingrini, & Vanneste, 2018; Mioni, Capizzi, & Stablum, 2020)

• Age or cognitive decline ? Both but differentially (Capizzi et al., 2022): 

• Explicit: decreases with age and cognitive decline 

• Implicit: increases with age BUT decreases with cognitive decline



Temporal preparation : aging

Endogenous TOE more controlled processing?  

Temporal effects Results vs. References

Foreperiod =
Chauvin et al., 2016; Zanto et al., 2011; 
BUT impaired for Variable Foreperiod : 
Vallesi et al 2009

Endogenous TOE

>
=
<

Zanto et al., 2011

Chauvin et al., 2016

Heideman et al., 2018

Sequential effect =
Chauvin et al., 2016

Rhythmic TOE =
Turgeon et al., 2016; Hiroyasu & 
Yotsumoto, 2020



Experiment 2 
Temporal preparation in aging



XP 2 : Method
Young adults Old adults

N 30 30

Age 20.40 +- 1.81 (18-25) 79.43 +- 8.94 (64-94)

Sex 22 women 22 women

Education (school years) 10.23 +- 3.45 (5-17) 

MoCA P55 +- 28 (12-98)
(exclusion if <P10)

Working memory 
(direct span)

7.83 +- 2.15 (6-16) 
 span lenght: 5

Same Unique paradigm : 
Foreperiod; Sequential; 
Endogenous TOE; Rhythmic TOE 
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XP 2 : Results
Foreperiod Interaction : BFInc=0.06 Sequential (short trials) Interaction : BFInc=0.29

Endogenous TOE (short trials) Interaction : BFInc=8.23 Rhythmic TOE Interaction : BFInc=0.27
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XP 2 : Results - correlation Endogenous TOE

BF10=7.23

BF10=0.45

BF10=0.98
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Discussion
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Discussion

 Continuum of age, cognitive abilities and educational level? 

Variable Our study Zanto et al. (2011) Chauvin et al. (2016)

Age Older (± 80 y.o.) Younger (± 69 y.o.) Younger (± 66 y.o.)

Education ± 10 < 12 ± 18

Contrast 100% Valid vs. Neutral 100% Valid vs. Neutral 100% Valid vs. Neutral

Design Blocked Trial-by-trial Blocked

Modality Cue Visual Visual Auditory



Conclusion

• Suitable design to study all temporal preparation components at the same time

• More controlled temporal preparation impaired in aging: no facilitation from the 
cueing for valid condition. 

• Disappear under WM load

• In line with an involvement of the left and right DLPFC (Correa et al., 2016) 

Age-related changes in prefrontal cortex activity are associated with both temporal and 
spatial context memory retrieval deficits in older adults (Rajah et al., 2010)

• Linked to age (not necessarily to cognitive abilities : MoCA or WM)  // explicit 
processes (Capizzi et al., 2022)

• Very easy task and very short of maintenance WM or flexibility in the 
anticipation ko?

• For implicit ? No increase with age but preserved



Perspectives 

• What about a life span perspective? 

• In children : dissociation between more implicit temporal effects and 
endogenous TOE ? 

• Endogeneous TOE : requires more control than the other temporal 
preparation effects BUT not necessarily linked to WM or cognitive 
abilities
 early developement? 

 controlled but rather outside – in process

van Ede & Nobre, 2023



Thank you for your attention

Thanks to my collaborators:

Pom Charras
MG Capizzi
Giovianna Mioni



Appendix



Test-Restest (N=46)

• Bayesian repeated measure ANOVAs 2 (time: test-retest) X 2 
(measures of interest in function of the subtest) on each subtest

• For all measures : main effect of time (T2<T1)
• Foreperiod: no interaction (BFincl=0.65)

• Sequential: no interaction (BFincl=0.94)

• Endogenous TOE: no interaction (BFincl=0.21)

• Rhythm TOE Auditory: no interaction (BFincl=0.24)

• Rhythm TOE Visual: no interaction (BFincl=0.33)

 Same temporal effect in T1 and T2  robustness of measures



Results

• FPED



Results

• SQED



• TOED



Results

• TOEX VIS



Results

• No correlation between any temporal effect and 



Results

• Evidence in favor of an association between Age and the 
Endogeneous Temporal effects (r=.49; BF10=7.23) but not the other
temporal effects (all r<.39, BF10<1.99)

• No correlation between any temporal effect and WM measures in old
Adults (all r<-.23, BF10<0.73)

• No correlation between any temporal effect and MoCA in old Adults 
(all r<.37, BF10<1.45)

• Evidence in favor of an association between the RT for the Bell test 
(Selective attention) and the Foreperiod and the Sequential effects
(resp., r=.44, BF10=4.04; r=.51, BF10=12.48). 


