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Reinforcement learning 



Reinforcement learning model is widely used to 

examine the mechanism of decision making (Sutton, 

1998). In reinforcement learning theory, a decision 

maker utilizes previous experiences to maximize the 

outcome of future choice. The previous experience 

would be estimated as value, which means the amount 

of expected reward from one's choice behavior. On 

repeating the choice behavior, the value would be 

updated depending on outcome, or reward. From this, 

choice behavior is modified to maximize reward. 

Reward 

Action 

Decision maker 

Environment 
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GOAL-DIRECTED VS HABIT LEARNING 

Goal-directed behavior 

• Behavior that is mediated by knowledge of the causal relationship between the action and 

its consequences (outcomes), and that is only performed when those consequences are in 

line with current needs and desires (i.e., when the consequences currently constitute a 

goal). 

• Intentional, considered, sensitive to the value of prospective goals. 

 

Habit 

• Habitual responses (R) are directly triggered by environmental stimuli (S) regardless of the 

current desirability of the consequences. The S-R associations that mediate habits have 

been reinforced (strengthened) either by past experience with reward (positive 

reinforcement) or by the omission of an aversive event (negative reinforcement). 

 

Robbins TW, et al., 2012, Trend Cogn. Sci. 
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COMPULSIVE BEHAVIORS 

Substance-

dependence 

Repetitive 

behavior 

Eating 

disorders 

Obsessive-

compulsive 

disorder (OCD) 

Compulsivity 

Ex. Drug addiction 
Ex. Tics in Tourette’s syndrome 

Ex. Excessive and restrictive eating behaviors Ex. Hand-washing behaviors 

A hypothetical trait in which 

actions are persistently repeated, 

despite adverse consequences. 
Robbins TW, et al., 2012, Trend Cogn. Sci. 
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1. Value-assignment dysfunction 

• Compulsivity is mediated by dysfunction in the assignment of value to available 

alternatives. 

• Cost of cessation of behavior to be higher than the benefits thereof. 

 

 

UNDERLYING MECHANISM OF COMPULSIVE BEHAVIOR 

Introduction 

Higher cost!  
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Benefit 



1. Value-assignment dysfunction 

• Compulsivity is mediated by dysfunction in the assignment of value to available 

alternatives. 

• Cost of cessation of behavior to be higher than the benefits thereof. 

• Compulsions are carried out as goal-directed to reduce likelihood of threat. 

• However, compulsive disorder is deemed by outside observer to whom this choice appears 

suboptimal. 

 

UNDERLYING MECHANISM OF COMPULSIVE BEHAVIOR 

Introduction 

Goal-directed! 

Purposeful! 

Higher cost! 
Potential threat! 

2. Obsessive-compulsive disorder (OCD) 

vs 
Suboptimal 



2. Goal-directed dysfunction 

• Interaction with anxiety and irrational belief. 

• Patients with OCD understand the relative value of the available outcomes and the cost of 

actions. They aim to promote expected values of outcomes and desist from compulsive 

behavior. 

• But they cannot exert the necessary control over their actions to realize this goal. 

Introduction 

But I 

cannot 

exert…! 
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PART I HABIT 



NEUROBIOLOGICAL PARALLELS:  

HABIT AND OBSESSIVE-COMPULSIVE DISORDER 

• Habits are considered the functional reciprocal of goal-directed behaviors. The relative 

control that these two systems exert over behavior can be converged into ‘action selection’. 

• Goal-directed behavior is more accurate, but that accuracy requires effort and attention.  

• However, goal-directed control over action subsides as we become comfortable with 

repetitive action following over-training of the stimulus-response pair, and when outcomes 

are less tightly coupled to responses.  

 

Part I Habit 

Goal-directed learning Over-training Habit learning 
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• OCD can be characterized as a disorder of maladaptive habit learning on the basis of 

neurobiological parallels between the brain regions implicated in OCD and the then proposed 

functional loci of repetitive behavioral habits, namely regions comprising the ‘fronto-striatal circuits’. 

 

• Distinct neural networks mediate the acquisition of goal-directed actions and habits.  

 

• To test for habits, a procedure called outcome devaluation is most commonly used. 
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PROCEDURE FOR TESTING HABIT LEARNING 

Goal-directed (action-outcome) system 

-responding should decline 

 

Habits (stimulus-response) system 

-responding should be maintained 

-insensitive to the value of the outcome 
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Part I Habit 

• The striatum in basal ganglia are located in the center of the brain just below the outer cortex.  

• Habits are encoded in a network involving sensory-motor (SM) cortical inputs to dorsolateral 

striatum (DL), with feedback to cortex through SNr/Gpi and posterior thalamus (PO) and are 

motivated by midbrain dopaminergic inputs from Substantia nigra pars compacta (SNc). 

• Goal-directed actions are mediated by medial prefrontal cortex (MPC), dorsomedial striatum (DM), 

SNr, and mediodorsal thalamus (MD).  

 

• DM lesion -> induce habits -> critical for goal-directed 

• DL lesion -> preserve sensitivity to outcome value -> critical for habit 
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DISTINCT NEURAL NETWORK : (2) INFRALIMBIC CORTEX 

• Prelimbic cortex (PrL) – goal-directed  

• Infralimbic cortex (IL) – execution of habits  

• IL may arbitrate between controllers, inhibiting the goal-directed system in favor of performing 

previously reinforced actions.  

• IL is also implicated in both fear and appetitive extinction as inhibitory role for IL in the learning 

and expression of stimulus-outcome and action-outcome associations. 
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DISTINCT NEURAL NETWORK : (3) ORBITOFRONTAL CORTEX 

• Neuronal firing rates in the DMS, DLS and OFC in healthy animals dynamically change in 

concert with a shift between goal-directed and habitual actions in a manner suggestive of a 

key role for the OFC in goal-directed action selection.  

• Putamen increase after over-training and over-trained group decrease behavioral 

sensitivity. The strength of connectivity between mPFC and caudate predicted goal-

directed behavioral choice. 

• The putamen for stimulus-response habit learning and the caudate for goal-directed control 

over behavior, particularly the mOFC and PFC. 

 

Part I Habit 3. Habit and OCD 



PART II  

GOAL-DIRECTED DYSFUNCTION 



EXPERIMENTAL EVIDENCE FOR GOAL-DIRECTED 

DYSFUNCTION IN OBSESSIVE-COMPULSIVE DISORDER 

• Following trial and error learning of positively reinforced stimulus-response-outcome 

associations, subjects were given a series of tests to determine the contribution of goal-

directed (action-outcome) and habitual (stimulus-response) associations to instrumental 

learning.  

 

• OCD patients have a significant bias towards stimulus-response learning, at the expense 

of acquiring action-outcome associations. 
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(1) OUTCOME-DEVALUATION TEST 

• IN AN OUTCOME-DEVALUATION TEST, OCD PATIENTS HAD DEFICITS IN THEIR 

ABILITY TO REFRAIN FROM RESPONDING TO OUTCOMES THAT WERE NO 

LONGER WORTH ANY POINTS. 

• OCD PATIENTS’ ACTION-OUTCOME ASSOCIATIVE KNOWLEDGE WAS IMPAIRED,  

BUT THEIR STIMULUS-RESPONSE KNOWLEDGE WAS INTACT.  
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(2) COUNTERFACTUAL DECISION-MAKING 

• POTENTIAL REGRET: GOAL-DIRECTED COMPUTATION WHICH IS THE ABILITY 

TO SIMULATE AND COMPARE OPTIONS IN A DECISION TREE.  

• OCD PATIENTS HAVE A DEFICIT IN GOAL-DIRECTED CONTROL OVER ACTION, 

THE INFLUENCE OF THIS COMPUTATION ON DECISION-MAKING WAS 

ATTENUATED IN OCD PATIENTS. 

 

 

 

(=Avoiding regret) 
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(3) HABITS IN AVOIDANCE   

• TEST WHETHER THE DEFICITS IN APPETITIVE GOAL-DIRECTED BEHAVIOR 

OBSERVED IN OCD WOULD BE EVIDENT IN AVOIDANCE.  

• OCD PATIENTS AND CONTROLS DID NOT DIFFER IN THE NUMBER OF AVOIDA NCE 

RESPONSES MADE IN RESPONSE TO THE STIMULUS THAT PREDICTED THE 

VALUED SHOCK. 

• OCD PATIENTS MADE SIGNIFICANTLY MORE RESPONSES TO THE STIMULUS 

THAT PREDICTED THE DEVALUED SHOCK.  

• A DEVALUATION SENSITIVITY TEST REVEALED THAT OCD PATIENTS WERE 

PROFICIENT IN THEIR GOAL-DIRECTED CONTROL OVER THEIR RESPONSES 

PRIOR TO OVER-TRAINING AND THAT THEIR BEHAVIOR BECAME EXCESSIVELY 

HABIT-BASED OVER THE COURSE OF OVER-TRAINING. 
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SHIFT IN BALANCE:  

GOAL-DIRECTED ASSOCIATIVE CONTROL OVER ACTION 

TOWARDS STIMULUS-RESPONSE HABITS. 

①  Imbalance causes : Deficit in Action-Outcome Associative Learning 

• OCD patients rely excessively  on stimulus-response links that were previously reinforced. 

• They showed failure to show sensitivity to devaluation when the knowledge of action-

outcome association is deficient. 

 

②Imbalance causes : Excessive Stimulus-Response  Learning 

• OCD patients lose their sensitivity to action-outcome links, producing deficits in explicit 

action-outcome knowledge. (However, OCD patients exhibit goal-directed deficits on a 

decision-making paradigm that does not permit stimulus-response habit learning) 

•  A fundamental problem in action-outcome associative learning and/or execution exists in 

OCD, which is not dependent on excessive habit formation in the disorder. 

• Habit biases in OCD are not necessarily driven by deficits in goal-directed contingency 

knowledge. 
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③Imbalance causes : Arbitration between goal-directed control and habit control.  

• This arbitration is carried out in the frontal polar and inferior lateral prefrontal cortex, which 

track the reliability of the predictions of model-based and model-free controllers, 

respectively, and use these signals to inhibit the model-free system, where appropriate. 

• Dysfunctional goal-directed learning processes associated with the caudate and medial 

OFC are responsible for biases towards habitual responding in OCD. 
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PART III  

COMPULSIVE-OBSESSIVE DISORDER 



Proposed model of the relationship between core quantifiable traits and symptomatology in OCD. 

Biases towards habit formation and trait anxiety act in concert to foster compulsive urges, probably 

supported by the putamen, where action control is transferred from a misfiring ( putatively 

hyperactive) caudate and OFC. Obsessions may be a cognitive interpretation of compulsive urge, 

which ultimately interacts with anxiety and reinforces the desire to perform compulsions through 

cognitive dissonance. Brain schematic illustrates important nodes in the fronto-striatal circuits 

implicated in OCD, of which the mOFC and the caudate are most consistently implicated. Disruption 

in these regions may be necessary and sufficient for OCD diagnosis, but probably contribute to a 

range of disorders along the anxious and compulsive spectrums. 

5. Compulsive-obsessive disorder and habit 



OBSESSIVE-COMPULSIVE DISORDER  

VS COMPULSIVE-OBSESSIVE DISORDER 

• Classic cognitive models of OCD posit that obsessions precede compulsions, which are 

considered active attempts to gain relief from obsessive thoughts. 

• Tight coupling between the content of obsessions and compulsions in OCD:  “I fear 

contamination and therefore I feel compelled to clean excessively.”  

• Based on recent observations: “I feel compelled to clean excessively and therefore I must 

be afraid of contamination.” 

• Current OCD framework ascribed by cognitive model of the disorder has two main 

problems: Obsessionality-independent OCD and ego-dystonic disorder. 
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OCD MODEL PROBLEMS 

(1) Obsessionality-independent OCD 

• Cognitive models rely on the supposition that obsessions drive OCD and compulsions are 

secondary phenomena. 

• But excessive compulsive-like, automatic behaviors develop in OCD patients in the 

absence of any prior obsessions relating to the experimental task procedures. 

• A purely behavior disturbance in OCD that is independent of obsessionality. 

 

(2) Ego-dystonic disorder 

• The thoughts experienced and actions performed by patients are discordant with their 

concept of self, either categorically or proportionally. 

• They want to stop but cannot exert control over the urge to act.  

• This case cannot be explained by cognitive models of OCD. 
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HABIT AND COGNITIVE DISSONANCE 

• Habits are behaviors insensitive to contingency and outcome value, which means that are 

ego-dystonic, purposeless acts. 

• Divergence between will and action that typifies OCD  
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COGNITIVE DISSONANCE 

• How compulsive behavior could give rise to obsessional thinking? 

• As cognitive dissonance theory, humans are motivated to reduce this conflict by altering one of 

these beliefs, that is ‘actions create preferences’. 

• These irrational thoughts often considered to induce compulsive responding. The experience of 

the irresistible urge to perform, compulsive avoidance behaviors may engender cognitive 

dissonance that is reconciled by the development of a new irrational belief about threat in the 

environment.  
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HABIT FORMATION AND IRRATIONAL THREAT 

• PATIENTS HAVE INTACT KNOWLEDGE OF THE CONTINGENCY BUT REPORT VERY 

LOW LIKELIHOOD THAT THEY COULD STILL BE SHOCKED FOLLOWING 

DEVALUATION.   

• LIKE OBSESSIONS IN OCD, THE IRRATIONAL THREAT BELIEFS WERE 

DISCORDANT WITH SUBJECTS’ KNOWLEDGE OF THE TASK STRUCTURE. THIS 

SUGGESTS THAT IRRATIONAL THINKING MAY SOMETIMES BE A CONSEQUENCE  

OF HABIT FORMATION. 

• COD-CYCLE MAY BE INDUCED AS A RESULT OF , OR IN TANDEM WITH, 

IRRATIONAL THREAT BELIEFS. 

 

I thought  

I could still 

be shocked! 
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ANXIETY AND HABIT BIAS 

• Anxiety is crucial role in OCD. 

• No study about directly contribution of anxiety to habit formation, but there is evidence to 

suggest that anxiety biases attention to stimuli, and away from outcomes, potentially 

causing a similar failure to execute goal-directed behaviors as seen during stress 

manipulations. 

 

 

• Anxiety-related mechanisms may contribute to habit biases in some patients. It suggests 

the relationship among obsessions, anxiety and compulsions is a bidirectional mechanism 

of maladaptive symptom reinforcement. 

• Obsessions and compulsions could be considered products of a disrupted goal-directed 

system, leading to over-active automatic thoughts(obsessions) and actions(compulsions) 

rather than being discrete traits that interact with one another. 
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CONCLUSION 

• A shift from goal-directed to habitual control over action mediates compulsivity in OCD ties 

well with the neurobiological and pharmacological basis of habit learning. 

 

• By ‘COD’ model of OCD, it is a plausible interpretation that the experience of premonitory 

‘want’, or ‘urge’, reported in not only OCD but also substance-dependent individuals and tic 

disorders, may be a consequence of excessive stimulus-response associations. 

Summary 
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