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Project 1. Inter-Brain Illusion Synchronization in
Virtual Reality

Project supervisors:
Virginie van Wassenhove, PI
Christina Yi Jin, PostDoctoral Fellow in Experience

Email: Virginie.van.wassenhove@gmail.com

Description:

The proposed M2 internship (6 months) will focus on an interactive VR study under the framework of
the Extended Personal Reality (https://experience-project.eu/) Project. The EXPERIENCE Project
aims to generate shareable VR experience between individuals by Brain-Computer Interface (BCI)
trained with neurophysiological data (e.g., brain signals, eye movements, heart rate, etc.).

The intern will contribute to the Inter-Brain Time Distortion study. In this study, the goal is to
synchronize the internal clocks as well as the neural activities of two participants with VR as an
interface. The internal clock loosely refers to one’s perception of time (Allman et al., 2014). Many
endogenous/exogenous factors can alter the “speed” of the internal clock. For example, studies
suggest that surprisal may dilate participants’ perception of duration (Sadeghi et al., 2011);
conversely, participants are more likely to underestimate the elapsed time when they are repeatedly
exposed to identical stimuli (i.e., temporal compression; Ayhan et al., 2009).

The current assumption is that participants will have a similar endogenous clock speed when their
brains are synchronized during the resting state. We are particularly interested in the brain activity at
the alpha band (8.5-12Hz) and its influence on the temporal perception changes (Grabot et al., 2021).

The intern will help revise the VR study design based on the pilots. He/she will help program the
VR task and learn to model time distortion using psychophysics. Meanwhile, they will study and
perform neural modulations using the resting-state EEG. Pilot or preliminary results will be
presented by the intern.

What we expect from the intern:

- Modelling of time distortion
- Programming the VR task
- Resting brain neural oscillations and synchronization
- Pilot/preliminary results

Keywords: time perception, virtual reality, time distortion, psychophysics, neural adaptation,
inter-brain synchronization, neurofeedback, brain-computer interface, electroencephalograph

Methods: psychophysics, virtual reality, cognitive modeling, neural adaptation, inter-brain
synchronization, neurofeedback, brain-computer interface, electroencephalograph

Requirements:

https://experience-project.eu/
mailto:Virginie.van.wassenhove@gmail.com


- Strong interest in interdisciplinary research
- Background knowledge in cognitive science, psychological experiment, neuroscience or virtual
reality
- Programming experience or data analysis skills with MATLAB, Python, or R
- (Plus) Knowledge in computational modeling or machine learning
- (Plus) Experience with EEG or MEG studies
- (Plus) Programming experience of VR environment with Unity, Unreal etc.
- Sufficient English ability for scientific reading, writing and oral communication
- Fluent French to communicate with participants
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Project 2. Bayesian Modelling of the unfolding
of temporal predictions

Supervisor: Sophie Herbst
Sophie Herbst: ksherbst ‘at’ gmail.com

Method: Computational modelling of behavioural data, magneto/-encephalography (M/EEG)
Requirements: Background in cognitive or computational neuroscience / experimental psychology,
or related field; basic python or matlab coding; experience or strong interest in in M/EEG methods;
communication skills in English;

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 behaviour.
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.

We have previously established a prototypical Bayesian observer model, and are currently
running behavioural experiments to test the extent to which the model allows us to explain human
behaviour (reaction times). In this M2 project, the student will follow up on the existing work and
plan and conduct an EEG or MEG experiment to assess the neural correlates associated with the
learning and representation of temporal statistics in implicit timing.

(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.



Project 3. Temporal gaps and what, where,
when of episodic memory

Supervisors: Matthew Logie, Virginie van Wassenhove
Virginie.van.wassenhove’at’ gmail.com
Matthewrlogie ’at’gmail.com

The ability to hold and manipulate information within mind at the present moment, such as the words
within the current sentence, can be defined as working memory (Baddeley & Hitch, 1974). In
contrast, episodic memory involves the encoding storage and retrieval of long-term memories of
autobiographical events (Tulving, 1972). The formation of episodic memories depends upon
segmenting the continuous flow of information encountered throughout life. Simulated events, based
on the flow of information, are constructed within working memory and predictions are formed about
what will happen next. When what occurs does not match the prediction, a prediction error occurs
which may act as a trigger for encoding the contents of working memory into long-term episodic
memory (Zacks, 2020).

One effective means of providing prediction errors involves encountering spatial boundaries, such as
turning corners (Brunec et al., 2020) or passing through doorways (Radvansky & Copeland, 2006).
Crucially, turning corners expands estimations of time passing (Brunec et al., 2020) and passing
through doorways disrupts memory for temporal order (Horner et al., 2016; Logie & Donaldson,
2021) Providing segmentation to aid in the creation of event packets improves memory performance,
however information within working memory may be displaced without being encoded into long-term
memory if too much information is encountered before experiencing an event boundary (Logie &
Donaldson, 2021). Additionally, there is an increase in false alarms, mistakenly remembering items
that were not present, when overloading working memory between event boundaries (McFadyen et
al., 2021) The influence of spatial boundaries on memory performance may depend on experiencing
an unpredictable moment of change that creates a temporal gap in memory even when no additional
second’s pass.

The study aims to examine if the accuracy (what) and fidelity (where, when) of an event memory will
depend on whether the information presented between boundaries can be maintained within working
memory. The study will also aim to determine whether episodic memory performance will vary based
on the unpredictability and corresponding size of temporal gaps created by encountering spatial
boundaries. The outcomes will inform approaches to improve learning such that individuals will be
more likely to remember the same details from a shared experience.

Intern opportunities:

● Developing and running VR experiments, both behavioural and MEG
● Data analysis, the interpretation and presentation of results
● Advancing theories of human cognition
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