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Project 1: Effect of temporal expectation on retrospective time estimation. 
 
Supervisors: William Vallet, Virginie van Wassenhove 
Method: psychophysics + EEG 
Requirements: background in cognitive neuroscience, experimental psychology, or related field; 
basic python coding a plus; prior experience in MEG /EEG signal processing a plus; communication skills 
in English;  
 
How does the human brain integrate space (distance) and speed when estimating time (duration) ? The                
temporal expectation of an event can influence the retrospective estimation of the duration, namely, the               
estimation of how much time has passed when one has not paid attention to it a priori. This research                   
project will test a novel experimental paradigm exploring the influence of speed and spatial frequency on                
the retrospective estimation of duration. Our first objective will be to pilot a psychophysical paradigm               
integrating a simple time reproduction task using auditory and/or visual motion stimuli for titrating the               
experiment in the lab. The second objective will be to adapt and test this paradigm in ecological settings,                  
while participants are moving (passive linear displacement in a train). The third objective will focus on                
the role of oscillations underlying temporal expectation using electroencephalography (EEG). Previous            
studies have reported the implication of phase synchronization and phase coupling when stimuli are              
expected to occur at a predicted moment in time. For example, when stimuli are in a rhythmic stream or                   
part of a predictable pattern, temporal expectation induces the phase-locking of slow oscillations in              
anticipation of expected stimuli [1,2]. During temporal expectation, the slow-wave (0.5–1.5 Hz) are also              
coupled with high frequency activity (12–30 Hz) [3,4] which are usually related to interval time               
production [5]. Altogether, this project will explore the neurophysiological processes of fast and slow              
oscillatory activity underlying the effect of temporal coding on retrospective time production, in the lab               
and in the wilds. 
  

[1] Lakatos P, Karmos G, Mehta AD, Ulbert I and Schroeder CE (2008). Entrainment of neuronal oscillations as                  
a mechanism of attentional selection. Science, 320(5872), 110-113. 
[2] Haegens S and Golumbic EZ (2018). Rhythmic facilitation of sensory processing: a critical review.               
Neuroscience & Biobehavioral Reviews, 86, 150-165. 
[3] Saleh M, Reimer J, Penn R, Ojakangas CL and Hatsopoulos NG (2010). Fast and slow oscillations in human                   
primary motor cortex predict oncoming behaviorally relevant cues. Neuron, 65(4), 461-471. 
[4] Wilson TJ and Foxe JJ (2019). Cross-Frequency Coupling of Alpha Oscillatory Power to the Entrainment                
Rhythm of a Spatially Attended Input Stream. Cognitive neuroscience, (just-accepted). 
[5] Kononowicz TW and van Rijn H (2015). Single trial beta oscillations index time estimation. 
Neuropsychologia, 75, 381-389. 
  



Project 2: Temporal expectation and Passage of Time Judgment in the wild 
 
Supervisors: Yvan Nedelec, Virginie van Wassenhove 
Method: psychophysics + EEG 
Requirements: background in cognitive neuroscience, experimental psychology, or related field; 
basic python coding a plus; prior experience in MEG /EEG signal processing aplus; communication skills 
in English;  

Two concepts for the representation of time in the brain are time as a metric - taken as the relation                    
between events (e.g. chronology, order, speed) and time as a quantity - taken as the elapsed time or                  
duration between events. If the latter has prevailed in phenomenology and experimental psychology,             
which traditionally used duration judgment tasks to investigate our ability to perceive “ time”, recent               
studies in the lab are questioning this approach, especially in ecological settings. Owing to the difficulty                
to assess the ability to judge the (speed of the) passage of time [1], its neural mechanisms remain                  
speculative.  

Yet, the brain readily maps the temporal regularities in the environment to predict upcoming events. For                
instance, in temporal cueing tasks, participants learn to orient their temporal attention to the moment at                
which a target will occur [2]. The internal representation of the temporal statistics (time interval) between                
the cue and the target relies on a temporal associative learning between cue and target, demonstrating                
behavioral adaptability essential and afforded by many species. Interestingly in humans, a single verbal              
instruction may also result in robust modulations of the passage of time [4] so that verbal instructions can                  
elicit an endogenous temporal expectation that can be violated by sensory evidence. Hence, both learned               
temporal expectations [2] and the endogenous temporal syntax [3] contribute to the ability to predict when                
an event occur, implying the endogenous mapping of time in the brain [3, 4]. 

In this project, we will investigate (1) the link between temporal expectation and the passage of time in                  
the lab, and (2) whether estimations of the passage of time capture our conscious experience of time in                  
ecological settings, such as during train travels. The first objective will be to develop a novel                
psychophysical paradigm to test the relation between temporal expectation and passage of time in well               
controlled environmental settings. The second objective will be to adapt this paradigm in ecological              
settings. Transversal to the first two objectives, we will investigate the neurophysiological processes             
using mobile electroencephalography (EEG) recordings. This M2 project will explore the link between             
bottom-up and top-down processes in temporal cognition, by means of a novel psychophysical task              
combined with EEG in the laboratory and in a real-world environment.  

[1] Wearden JH. (2014) Passage of time judgements. Conscious Cogn. 2015;38165-171.           
doi:10.1016/j.concog.2015.06.005  
[2] Nobre AC, Ede F Van. (2017) Anticipated moments: temporal structure in attention. Nat Neurosi.               
doi:10.1038/nrn.2017.141 
[3] Jones, M. R. (1976). Time, our lost dimension: toward a new theory of perception, attention, and memory.                  
Psychological review, 83(5), 323. 
[4] Jones, M. R. (2018). Time will tell: A theory of dynamic attending. Oxford University Press. 
[5] Tanaka R, Yotsumoto Y. (2017) Passage of time judgments is relative to temporal expectation. Front Psychol.                 
2017;8:1-11. doi:10.3389/fpsyg.2017.00187 



 
 
Project 3: Contributions of the cerebellum to implicit and explicit timing 
 
Supervisors: Sophie Herbst, Virginie van Wassenhove 
Method: analysis of existing MEG data  
Requirements: background in cognitive or computational neuroscience / experimental psychology, or 
related field; basic python coding; prior experience or interest in MEG signal processing; communication 
skills in English;  
 

Temporal regularities are inherent in sensory environments, and human observers          
efficiently extract them to form temporal predictions when processing sensory input. Moreover,            
time provides the structure to human subjective experience, and can be apprehended devoid from              
sensory input. Thus, time is implicit and essential for cognition, but also explicit, i.e. consciously               
represented (1). In a combined MEG/EEG study, we asked whether implicit and explicit             
representations of time rely on shared versus separate cognitive and neural mechanisms. The data              
show several markers of implicit and explicit timing in oscillatory dynamics, mainly in auditory              
and motor areas.  

The cerebellum has long been known as a hub for timing (2,3), but is rarely considered in                 
neuroimaging studies, which mostly focus on cortical activity. Yet, in recent years, sophisticated             
source reconstruction techniques for MEG data have become available, allowing to assess            
cerebellar activity with high temporal resolution (4).  

In this internship, you will work on the previously collected combined EEG/MEG data             
set, with the aim to reconstruct source time courses of brain activity from the cerebellum (using                
volume source models in MNE python). The main question to-be addressed is whether the              
cerebellar activation distinguishes between explicit and implicit aspects of timing, and whether            
the cerebellum contributes to a domain-general representation of time.  
 

(1) Coull, J. T., Cheng, R. K., & Meck, W. H. (2011). Neuroanatomical and neurochemical substrates of                 
timing. Neuropsychopharmacology, 36(1), 3-25. 

(2) Samuelsson, J. G., Sundaram, P., Khan, S., Sereno, M. I., & Hämäläinen, M. S. (2020). Detectability of                  
cerebellar activity with magnetoencephalography and electroencephalography. Human Brain Mapping. 

(3) Buhusi, C. V., & Meck, W. H. (2005). What makes us tick? Functional and neural mechanisms of                  
interval timing. Nature reviews neuroscience, 6(10), 755-765. 

(4) Harrington, D. L., Lee, R. R., Boyd, L. A., Rapcsak, S. Z., & Knight, R. T. (2004). Does the                    
representation of time depend on the cerebellum? Effect of cerebellar stroke. Brain, 127(3), 561-574. 

  



Project 4.  Bayesian Modelling of the unfolding of temporal predictions  
 
Supervisors: Sophie Herbst, Virginie van Wassenhove 
Collaborator: Florent Meyniel 
Method: computational modelling of behavioral data, acquisitoíon of behavioral data 
Requirements: background in cognitive or computational neuroscience / experimental psychology, or 
related field; basic python or matlab coding; experience or strong interest in computational modelling; 
communication skills in English and ideally also French; 
 

Dynamic sensory environments unfold in time and space, and cognitive systems have evolved to              
predict the when, where, and what of the sensory environment to efficiently guide behavior. Temporal               
predictions formed from the temporal statistics of sensory inputs engage implicit timing, that is the use of                 
timing in tasks for which time is not the primary focus (1, 2). Statistical learning is a flourishing field of                    
cognitive neuroscience research, and its principles can be applied to the learning of temporal statistics,               
too. While it is known that temporal contingencies are automatically extracted and used, little is known                
about the dynamics of these learning processes across different timing situations. Dynamic Bayesian             
Modelling offers an excellent approach to model statistical learning over time, and is starting to gain                
popularity in the timing literature (3). These models rely on the assumption that a Bayesian observer has                 
prior beliefs about their environment, here: temporal predictions about up-coming events, and            
consecutively updates these when presented with new evidence.  

In this project, in collaboration with computational modellers, we will establish and validate a               
Bayesian observer model, using existing behavioral data, with the aim to efficiently model the extraction               
of temporal statistics of the sensory environment to form temporal predictions. Behavioral response             
variables will be used to assess how human observers build an endogenous representation of time and use                 
it to respond faster and more efficiently to new events. Additionally, a set of novel behavioral                
experiments will be designed to validate the model on novel data.  

 
(1) Nobre, A. C., & Van Ede, F. (2018). Anticipated moments: temporal structure in attention. Nature                

Reviews Neuroscience, 19(1), 34. 
(2) Herbst, S. K., & Obleser, J. (2019). Implicit temporal predictability enhances pitch discrimination              

sensitivity and biases the phase of delta oscillations in auditory cortex. NeuroImage, 203, 116198. 
(3) Meindertsma, T., Kloosterman, N. A., Engel, A. K., Wagenmakers, E. J., & Donner, T. H. (2018).                 

Surprise about sensory event timing drives cortical transients in the beta frequency band. Journal of Neuroscience,                
38(35), 7600-7610. 

 
 


