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Goal
The aim of this study is to determine whether neural markers of 
reward learning emerge in participants unaware of stimulus-
outcome contingencies by combining a reliable awareness 
categorization tool with electrophysiological measures. 

• Implicit Pavlovian conditioning: learning in the absence of 
awareness.

• Classifying participants as unaware of stimulus–outcome 
contingencies remains challenging. 

• Traditional null-hypothesis approaches may overestimate implicit 
learning effects (e.g. false negatives and regression-to-the-mean).

• The Bayesian Awareness Categorization Technique (BACT) 
minimizes measurement errors & provides sensitive evidence for 
awareness, unawareness, or insensitivity.

• Neuro-cognitive mechanisms underlying implicit learning
• EEG measures of cue reactivity, reward anticipation, and 

feedback processing.
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Participants unaware of stimulus-outcome 
contingencies form implicit expectations of rewards in a 
Pavlovian conditioning task

Discussion
• The absence of a P3 cue-reactivity effect likely reflects attentional competition from the distractor task.
• CNV desynchronization amplitudes differ between CS+ and CS- trials in the second half of the experiment, showing a learning effect of expectancy across time.
• SPN ERP amplitudes differ between CS+ and CS- trials in the first half of the experiment, indicating differential expectancies for outcome delivieries.
• FRN ERP amplitudes differ between reward and no reward outcomes, indicating successful outcome processing and active engagement.
• FRN desynchronization amplitudes differ between CS+ and CS- trials in the first half of the experiment, showing an interaction effect of condition and expectancy.

Participants
• 53 participants (18–33 years; M = 21.94, SD = 2.39; 37 female).

Pavlovian Reward Conditioning Paradigm
• 960 trials
• Geometric shapes (square or octagon) as conditioned stimuli (CS).

• Monetary reward of 10 cents (€) 
• CS+ 75% reward, CS- 25% reward

• Distractor task: categorizing symbols (Fig. A). 
• Expectancy measure (25% of trials) (Fig. B). 

EEG Recording and Analysis
• 64 electrodes; BioSemi ActiveTwo; 1024 Hz. 
• ERP and ERD analyses on unaware participants. 
• Cue reactivity: P3 (200-500 ms)
• Reward anticipation: CNV (300-700 ms), SPN (900-1000 ms) 
• Feedback processing: FRN (200-300 ms)
• Repeated-measures ANOVAs: Condition (CS+ vs. CS−), Time (1st half 

vs. 2nd half), and Outcome (Reward vs. No Reward for FRN).

Awareness Categorization
• Signal Detection Theory methods (Type I and Type II scores) to

determine awareness from expectancy trials. 
• Bayes score < 1/3 → unaware.

Anticipatory Responses

Feedback Related Negativity

Unaware participants have stronger SPN and FRN responses in CS+ compared to CS-
trials

Unaware participants have 
stronger anticipatory responses to 
CS+ compared to CS- cues in the 
second half of the experiment

Unaware participants have 
stronger feedback processing in 
CS+ trials compared to CS- trials 
in the first half of the experiment
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