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HOW TO DEFINE LEARNING?



LEARNING

NONASSOCIATIVE

ASSOCIATIVE

HABITUATION SENSITIZATION

CLASSICAL CONDITIONING

OPERANT CONDITIONING

REINFORCEMENT LEARNING



REINFORCEMENT LEARNING

process leading to relatively permanent change in behavior 

which is a result of practice or experience. 

(Anderson, 2000)



REINFORCEMENT LEARNING

• building ASSCIATIONS between the actions and their outcomes

• operating on the history of previous REWARDS and PUNISHMENTS

• learning how to MAXIMIZE rewards and MINIMIZE punishments

process leading to relatively permanent change in behavior 

which is a result of practice or experience. 

(Anderson, 2000)



REINFORCEMENT LEARNING

ERROR-MONITORING SYSTEM

+



ANTERIOR CINGULATE CORTEX (ACC)



ERROR-RELATED NEGATIVITY (ERN)

- INTERNAL EVALUATION OF RECTION

ERROR-MONITORING SYSTEM



ERROR-MONITORING SYSTEM

FEEDBACK-RELATED NEGATIVITY (ERN)

- EVALUATION BASED ON EXTERNAL INFORMATION



ERROR-MONITORING SYSTEM IN THE COURSE 

OF LEARNING

Dynamics of the ERN and the FN in the course of learning



ERROR-MONITORING SYSTEM IN THE COURSE 

OF LEARNING
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!!! PROBABILISTIC PARADIGMS !!!

Dynamics of the ERN and the FN in the course of learning



DYNAMICS OF LEARNING PROCESS

PROBABILISTIC LEARNING

DETERMINISTIC LEARNING

?



RESEARCH OBJECTIVES



RESEARCH OBJECTIVES

LEARNING DYNAMICS

IN DETERMINISTIC ENVIRONMENT

NEW TASK





NEW TASK
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EEG & fMRI DATA





EEG

• 256-channel dense-array EEG gę (HydroCel Geodesic Sensor Net,

EGI System 300; EGI, OR, USA)

• sampling rate of 250 Hz (band-pass filtered at

0.01–100 Hz with a vertex electrode as a reference) and

recorded with NetStation Software (Version 4.5.1, Electrical

Geodesic Inc., OR, USA).

• 54 young adults (29 F; M age: 23; SD: 2.3)

• standard pre-processing pipeline, data extracted at the FCz electrode (ROI-based approach)

• ERN - base-to-peak difference (min. from 0 to 150 ms after response and preceding mean

amplitude from -100 to 0 ms before response onset.

• FN - the difference in voltage between the most negative peak from 250 to 350 ms after

negative feedback onset and the most positive peak from 150 to 250 ms after negative feedback

onset
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F(3, 159)=5.91, p<0.001
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SIEMENS MAGNETOM Skyra 3T, 20- head coils

EPI-BOLD: 3x3x3mm voxel, TR=2sec; 24 minutes for each run

44 young adults (20 F; M age: 23; SD: 2.2)

modified task procedure – extended interval between stimulus 

and feedback and between subsequent trials

fMRI
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Standard preprocessing in AFNI software; 1st level statistical analysis in FEAT FSL - GLM

additional regressors (1st derivative for each regressor of interest – COR, ERR, FDB)

-> level of activity calculated with both non-derivative and derivative term

ROI analysis – ACC region defined with 

Neurosynth meta-analytic database

fMRI

SIEMENS MAGNETOM Skyra 3T, 20- head coils

EPI-BOLD: 3x3x3mm voxel, TR=2sec; 24 minutes for each run

44 young adults (20 F; M age: 23; SD: 2.2)

modified task procedure – extended interval between stimulus 

and feedback and between subsequent trials
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EEG fMRI



EEG fMRI



DYNAMICS OF LEARNING PROCESS

PROBABILISTIC LEARNING

DETERMINISTIC LEARNING

?



DYNAMICS OF LEARNING PROCESS

PROBABILISTIC LEARNING

DETERMINISTIC LEARNING



PRESENTED RESEARCH IS A PART OF GRANT PROJECT 

AWARDED TO DR JUSTYNA MOJSA-KAJA BY 

NATIONAL SCIENCE CENTRE 

(GRANT PROJECT 2012/05/E/HS6/03553)


