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A New Model for Mental Illness

Mental illness is the result of an 

impairment in prediction, due to 

having a distorted internal model of 

the world, possibly due to an 

impairment in learning. 



Applications of RL models to Computational Psychiatry

• RL models have been used to model almost all psychiatric disorders.

• idea: disorder can be understood as impairment in learning/decision-

making. 

• Today:

- Depression

- Anxiety
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Depressive disorders are very common (and very costly) 

• Depression is a common, high-burden disorder, not just “low mood”: it 

affects motivation, pleasure, learning, decision-making, sleep, appetite, 

and social functioning.

• Globally, WHO estimates that 280 million people experienced 

depression in 2019 (about 5% of adults)

• In the UK: ONS reported that in autumn 2022, 16% of adults had 

moderate to severe depressive symptoms on the PHQ-8 screen. This was 

higher in young adults aged 16–29 (28%) and in women (19%) than men 

(14%). Among women aged 16–29, the figure was 35%.

• In 2024/2025 Roughly 1 in 6 adults in England are estimated to be on 

antidepressant  medications, with women twice as likely to be prescribed 

them as men
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Major Depression Disorder (MDD) - a heterogeneous disorder



Treatments



Theories: Cognitive Theory

• Aaron Beck 2008

Depression results from negative thinking 

patterns, known as the cognitive triad:

1. Negative views of oneself 

2. Negative views of the world 

3. Negative views of the future

Cognitive distortions, such as overgeneralization 

and catastrophizing, reinforce depression.

Cognitive Behavioral Therapy (CBT) helps 

change these thought patterns



Theories: “Chemical imbalance”

Neurochemical (Monoamine) Theory

• linked to low levels of serotonin, dopamine, 

and norepinephrine—neurotransmitters that 

regulate mood, motivation, and pleasure.

• Antidepressants like SSRIs (e.g., Prozac)

work by increasing serotonin levels.

• However, theory is incomplete since 

antidepressants take weeks to work, 

suggesting other mechanisms are involved.

• Despite popularity, serotonin theory of 

depression is highly debated 



Theories: the role of stress

Neuroendocrine and stress theories

• Depression associated with overactivity of the 

Hypothalamic-Pituitary-Adrenal (HPA) axis, leading 

to high cortisol levels (stress hormone).

• Chronic stress may damage brain regions like the 

hippocampus, impairing memory and emotion 

regulation.

• Stress could lead to deficit in reinforcement /reward 

processing and anhedonia (Pizzagalli, 2014). 

• 70-80% of major depression events preceded by major 

life event (e.g., loss of a loved one, financial problems, 

trauma). 



Anxiety

• Different types: Generalized anxiety disorder, Panic disorder,  

social anxiety disorder, specific phobia, agoraphobia, separation 

anxiety, selective mutism 

(OCD and PTSD no longer diagnosed under anxiety disorders).

• In UK, 6% of people with a diagnosis of Generalised Anxiety

• More common in young people and women

• Covid made it worse: In 2022/23, in UK, an average of 37.1% of 

women and 29.9% of men reported high anxiety levels, a 

significant rise from 21.8% and 18.3%, respectively, between 

2012 and 2015.



Symptoms of General Anxiety Disorder



• Anxiety and depression are highly 

comorbid: about 50% diagnosed 

with one will also have the other 

one. 

• Anxiety is also comorbid with 

most other disorders, e.g. 

approximately 40% of individuals 

with ASD are diagnosed with at 

least one anxiety disorder

Anxiety Disorders are highly comorbid with other disorders

Comorbidity of Anxiety Disorders (U.S. Estimates)
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Could Depression and Anxiety be explained as disorders of prediction, 
related to maladaptive RL?

• General ideal: distortions/bias in valuation, 

learning/prediction, and decision-making under uncertainty 

• Could depression be related to an impairment in learning and 

an underestimation of rewarding/positive outcomes?

That could potentially explain anhedonia, lack of motivation, 

negative biases etc.. 

• Similarly, could anxiety be related to an 

overestimation/learning of negative outcomes? And 

underlearning of safety signals (that could perhaps be 

maintained due to avoidance behaviours)



1. Depression 
as a disorder of prediction



Is Depression related to an impairment in RL?

• Depressed patients have shown deficits in RL (Chen et al 2015 for a review): important 

windows on the disease? 

• Are impairments related to lower reward sensitivity, greater punishment sensitivity, or an 

inability to learn from reward (learning rate) or increased learning from punishment?

• All could explain a negative bias towards the processing of punishment

• but different implications for therapies (focus on experience quality of reward/punishment 

or focus on change in behaviour following reward or punishment)
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Is Depression related to an impairment in RL?

• A task that has been extensively 

used  is the Signal detection task 

(Pizzagalli et al, Biol Psychiatry, 

2004)



Is Depression related to an impairment in RL?

• In general, use probabilistic reinforcement learning models such as Rescorla-Wagner to fit the task 

• Each option Va and Vb is associated with reward or not, and is iteratively updated over trials using, 

• Decide between the two options: 

If learning from rewards is what is impaired in depression, what differs between controls and 

patients: learning rate (𝜖), reward sensitivity (𝜌), or stochasticity in the response (𝛽), or 

memory parameter (m)?



Different versions of the model can be written, e.g. Huys et al 2013 

The belief model used by Huys et al 

uses an extra term and parameter 

(gamma) to capture how well 

participants can do the perceptual 

discrimination itself (independently 

from reward learning). 

C is 1 for the correct answer, 0 

otherwise. 
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Depression

A: the reward sensitivity 



A: the beta of the softmax and memory parameter

(patients are more random and more forgetful)

The issue is not 

completely settled: 

different tasks and 

conditions have led to 

different results. 



A: higher sensitivity to punishment, lower sensitivity to reward, 

the beta of the softmax

With more recent studies 

focussing on bigger 

samples and better model 

comparisons. 



• Psychological concept developed by Martin Seligman and coll. in 1960s.

• The state in which an individual, after experiencing repeated, negative events, which it is unable to escape 

from or avoid, stops trying to change their situation—even when opportunities to escape or improve things 
become available.

• Animal model of depression: mirrors loss of motivation, passivity, resignation, feelings of hopelessness, 
cognitive impairments: emotional distress.

Major Depression Disorder (MDD): Learned Helplessness



Not (only) about reward/values, but control?

“The environment is not controllable, so why bother.” 



24

Not (only) about reward/values, but the cost of effort?

e.g. Participants decide whether to accept or reject an option that 

combines two dimensions, e.g. a reward in exchange for effort, or 

avoiding punishment at some cost. This is the most direct “cost–

benefit” preference task.

Depressed patients behave as if effort carries a larger subjective 

penalty



2. Anxiety 
as a disorder of prediction



As opposed to an undersensitivity/learning to safety/reward signals?

> Separate the learning rates for reward and punishment: 

𝑄 𝑎 𝑄 𝑏

> And also disentangle learning rates from sensitivity to 

reward and punishment: 

1. Is anxiety more about an overestimation of negative outcomes?



1. Increased learning from punishment, reduced for reward 

Anxious individuals:

- Are not more sensitive to negative outcomes per 

se but..

- update quicker from bad outcomes (higher 

learning rates)

- and sometimes too slowly from good ones, 

- leading to over-pessimistic value estimates.

2019

2022



Healthy participants adapt their 

learning rates to the volatility of the 

environments: 

- 2 choices gambling task with 

probability of rewards stable or 

switching every 30 trials (volatile).

- Higher learning rate in more volatile 

environments. 

2. Inability to learn from changing environments? 

2007



31 participants screened with S-STAI

RW and Bayesian learner models fit to 

data using ML.

Anxious individuals:

- High trait anxious individuals 

showed reduced learning rate 

adaptation, learning similarly in 

both stable and volatile conditions

- Other studies support this idea of 

an overestimation of volatility in 

anxiety (at least superficially). 

2. Inability to learn from changing environments? 

2015



2. Inability to learn from changing environments? Specificity?

2015

2024

2017



Conclusions (1- Depression) 

• Promising theories: Depression has been consistently linked to 

altered reward processing.

• in many studies, especially around anhedonia, blunted reward 

sensitivity 

• This could potentially explain anhedonia, lack of motivation, negative 

biases etc.. 

• But heterogeneity of results and methods findings vary across tasks, 

with some studies emphasizing reward blunting, others negative bias, 

punishment learning, or increased choice noise. 

• Current challenge: task behavior often reflects more than RL alone (e.g. 

perception and decision dynamics), and parameter meanings are often 

task-dependent, which limits biomarker use right now. 



Conclusions (2- Anxiety) 

• Promising theories: Believing the world is more unstable that it really is and 

overlearning from negative outcomes leads to overestimation of threat & 

risk/loss aversion.

-- Naturally relate with symptoms such as worry, hypervigilance, avoidance, 

catastrophizing, and intolerance of uncertainty

But heterogeneity of results and methods

- Experimental designs, types of ”punishments"

- Choice of models that are fit to data

- Experimental groups – general population or patients group

- How anxiety is measured (DSM, GAD, STAI (T or S?), task-related anxiety?)

- Parameters showing differences (learning rates, sensitivity, learning rate 

adaptation). 



Recommended Readings

• Chapters 7 and 8, about depression and 

anxiety 
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Example code in Python



% for all trials

% compute prob choice 

given values

% draw a choice

% if choice 1 draw reward 

with prob 80%

% if choice 2 draw reward with 

prob 20%

% update values based on 

reward

% record choices and reward

% simulate data for 

parameters theta

% Values initialised at 0

Simulate the model 
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