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State of the art

Operant conditioning is a type of learning where the subject learns an association
between a stimulus and a specific action to access its goal. Thus, the behavioural
strategy used by the subject is called “goal-directed”. However, with numerous
repetitions, the association between the stimulus and the action increases until it
becomes automatic and insensitive to the outcome. There is a progressive shift
between the goal-directed behaviour and this so-called “habitual” behaviour. A
usual protocol to study the relative dynamic of these learning strategies consists to
experimentally extinguish the stimulus-action-goal association. It has been shown
that an animal still engaged in a goal-directed behaviour (early during learning), will
stop the task with such an extinction. Whereas if the extinction happens late during
learning (i.e. over-training) then the animal will keep engaging in the full sequence
of the task, meaning its behaviour is now outcome-insensitive and has shifted to
habitual. However, Haith & Krakauer (2018) showed in humans that habits are in fact
an ensemble of associative (with decision-making step) automatization and motor
automatization. The sensori-motor part of habits has been extensively investigated
but the associative automatization is yet to be described. The aim of this project is
thus to characterise associative habits on a behavioural and a computational
aspect using both animal model and humans. Moreover, we will investigate the
implication of this process in the context of compulsive behaviors, where
dysfunctional habit formation has been proposed as one of the possible cause of
the disorder. Indeed, it has been proposed that compulsive disorders could result
from an excessive stimulus-response habit learning, but we still need to determine
which of the associative or sensori-motor part of the process is impaired.

In the mathematical biology literature, different contradictory computational
models of habit learning have been proposed. Initially, computational models of
habit learning focused on the automatization of the association between a stimulus
and a behavioural response. In these models, any acquired behavioural response
has to be triggered by a stimulus, and it is the strength of the stimulus-response
association which determines the shift from goal-directed to habitual behaviour.
However, a set of alternative models proposed that habit learning consists in
acquiring action chains: e.g. if lever pressing is always followed by nosepoking, then
having the animal press a lever is sufficient to trigger an automatic nosepoking
response, without the need of an intermediate stimulus. While these different models
contradict each other, the results of Haith & Krakauer (2018) suggest that both types
of mechanisms may co-exist in order to automatize both the associative and the
motor components of a habit. To our knowledge, there exists no computational
model combining both types of automatization.

Aims

This project will consist in 2 main axes of investigation: (1) Identify associative habits



in human and animal model by the means of an original extinction protocol and (2)
develop a new integrative computational model of habit formation.

Experimental strategy

The behavioural part of this project will be conducted at the ICM, located at
LaSalpétriere Hospital, in the "Neurophysiology of Repetitive Behaviors" team under
the supervision of Luc Mallet and Eric Burguiéere, both experts in behavioural
neurophysiology in human and animal models, in particular in the field of
compulsive behaviors. The translational approach will be conducted first on healthy
human and wildtype mice, as well as on OCD patients and a mouse model
expressing compulsive behaviors (SAPAP3-knockout mice).

In both species, we will conduct a cue guided operant conditioning task performed
either on a computer for human subject or in an innovative automated operant
chambers developed in the lab where animals can perform thousands of trials over
weeks. Our task will be an adaptation of a classic two-choice task where the
subject has to choose one choice based on a cue to earn a reward. When initiating
a trial, the subject will face a visual cue on a screen indicating the side of the
expected answer. The subject will then have to respond (button press for humans or
nosepoke for mice) on the appropriate side to earn a reward. All subjects will be
trained in the same conditions but separated in two groups. Subjects in the early
group Wwill be trained until a success rate of 80% of correct responses over 40 trials.
The over-trained groups will have to keep performing around the same criteria for
500 trials. Then an extinction protocol consisting in dissociating the reward side from
the stimulus (i.e. same reward chance no matter the side/stimulus) will be
performed. This protocol aim at extinguishing the association between the stimulus
and the outcome. We expect that subject which are still in a goal-directed mode
will extinguish in a faster way than subject which automatize the association and
became insensitive to such extinction.

In parallel to this experimental work, we will employ our expertise in fitting
computational models to animal and human behaviour in order to characterize
different degrees (mild training vs. overtraining) and types (associative, motor) of
subjects’ habits in ferms of different model parameter values. This computational
part of the project will be supervised by Mehdi Khamassi, expert in computation
modelling, who has developed unique model in the past addressing the question of
the balance between goal-directed and habitual behaviors. We will propose a new
model which combines a standard reinforcement (e.g. reward-based) learning
process to acquire stimulus-driven habits with an action chaining (chunking)
mechanism, so as to characterize subjects’ habitual behaviour as weighted
contribution of the two processes. This will allow us to identify possible neural
substrates of model-related computations. Finally, we will simulate the winning
model in variations of the present experimental protocol in order to derive novel
model-drive predictions which could explain emergence of repetitive and
compulsive behaviors when the habitual system becomes dysfunctional.

We believe that this multidisciplinary and multi-species approach for studying
habitual learning using behavioural observations and computational modelling has
a strong potential to mechanistically describe the anatomo-functional basis of
habitual learning. We are particularly interested in the role of this habit process in the
pathophysiology of compulsive behaviors, characterized by rigid rituals. Not only will
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we study a fundamental question in neuroscience using both neuroscientific tools
and computational models, but we also aim at creating an innovative learning
model that could be used in other fields such as personalized medicine to better
evaluate the severity of the compulsive state in OCD patients. We therefore believe
that our application is in line with the objective of the Institut Universitaire pour
I'Ingénierie en Santé (IUIS).
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Student profile

For this interdisciplinary project, we are looking for a student with either biological
and/or computational background. It is important that the student already had
some experience in the field of animal and human behavior to collect the data. For
the computational part, he will be trained and supervise by Dr Khamassi at the
beginning of his PhD to adapt some models already developed in previous studies.
Ideally, the candidate will be fluent in spoken and written English and already spent
previous fraining period in experimental laboratories. If the candidate already has
legal authorization to work with animal models, it will be a major asset for the
project.
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