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EEG and Behavior: correlation
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An increase in posterior alpha activity correlate

with long-term memory encoding 
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Outside-in: consolidation memory and alpha
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Delta (1-3 Hz) Theta (4-7 Hz) Alpha (8-12 Hz) Beta (13-30
Hz)

Gamma (30-200 
Hz)

Anatomy frontal and 
cingulate 
cortex, 
thalamus and 
neocortex

Hippocampus, sensory 
cortex, frontal midline

thalamus, 
hippocampus, 
reticular formation, 
sensory cortex, 
prefrontal cortex, 
occipital cortex

Cortical 
structures, 
subthalamic 
nucleus, basal 
ganglia and 
olfactory bulb

Cortical 
Activation,
Olfactory bulb

Cognitive 
Behavior

inhibitory 
manner
Memory, 
synaptic 
plasticity

GO/NOGO memory 
processes ,Top-down 
control, synaptic plasticity, 
Learning, Attention
anxiety, 

inhibition, selective 
attention, 
consciousness
Memory, Top down 
control, Motor 
planning, creativity

Sensory 
gating, 
attention,
motor control

Perception, 
attention,
memory, 
consciousness, 
synaptic plasticity

Neural oscillations and cognitive processes

!
warning

mapping of brain oscillations to cognitive functions is not possible



BehaviorBrain activities

From EEG to Behavior
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Behavior
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PET

Neur oimaging

Technics

Dysfunction

Or

Disconnection

Abnormal EEG

Brain



Herrmann, Christoph S., Str¨uber, Daniel, Helfrich, Randolph F., Engel, Andreas K., EEG oscillations: From correlation to causality, International Journal of
Psychophysiology (2015), doi: 10.1016/j.ijpsycho.2015.02.003

EEG oscillations: From correlation to causality



Modulation of brain oscillations

EEG oscillation (independent Variable) Cognitive 

Process (Dependent variable)

EEG
Cognitive 

Process

Why NFB?
 Direct control of brain oscillations
 Safety
 Long term stability
 Produce changes under physiologically conditions
 Self organization
 Minimize treatment tolerance
 Its based on: Brain obey homeostasis

Tuning pathological brain oscillations with neurofeedback: a system neuroscience framework, Tomas Roes 2014



NFT leads to improved 
brain self-regulation
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Desired
behavior

Increasing of 
behavior

Reinforcement

Learning Psychology: Based on Operant Conditioning
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Target Behavior Reinforcement

feedback

Modification of Brain Waves 
activities

Brain Waves activities Reinforcement

feedback

Operant 
Conditioning

Neurofeedback

Modification of abnormal behavior

Increasing of Behavior



Nazari,  M.A.  (2012).  EEG  findings  in  ADHD  and  the  application  of  EEG  biofeedback  in  treatment  of ADHD.

Norvilitis, J.M (ed.). Current Directions in ADHD and Its Treatment, InTech: Croatia. 

Introduction



BRAIN WAVE FREQUENCIES

Delta (1-4 Hz)

Theta (4-8 Hz)

Alpha (8-12 Hz)

Beta (12-36 Hz)

Gamma (36+ Hz)     



Types of Neurofeedback

EEG-NFT

frequency/ power 
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Types of Neurofeedback

neurofeedback 

fMRI

EEG

SCP

LENSHEG

Live Z-
score 

LORETA

Low-energy neurofeedback systemHemoencephalographic

Introduction



Sitaram et al. (2016). Closed-loop brain training: the science of neurofeedback.

Nature reviews Neuroscience, 2016



Mihara M, Miyai I, Hattori N, Hatakenaka M, Yagura H, Kawano T, et al. (2012) Neurofeedback Using 

Real-Time Near-Infrared Spectroscopy Enhances Motor Imagery Related Cortical Activation. PLoS

ONE 7(3): e32234.Masahito Mihara et al. 2012



Thibault, R. T., Lifshitz, M. and Raz, A. (2016) ‘The self-regulating brain and neurofeedback: 

Experimental science and clinical promise’, Cortex, 74, pp. 247–261. doi: 10.1016/j.cortex.2015.10.024.

History of Neurofeedback





28

History of Neurofeedback



Wyricha & Sterman,1968

- Increasing SMR (12-15 Hz) in cats.

- NASA requested Hydrazine on seizure.

- 50 cats (10 cats) were injected with Hydrazine.

- The 10 trained cats were seizure resistant! 

Sterman & Friar, 1972

Sterman, Macdonald, & Stone, 1974

Seiferd & Lubar, 1975 

Lubar & Bahler, 1976
29
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Improved behaviorFrequenc

y bands

Improved behaviorFrequency 

bands

Execute attention in memory 

recognition and special 

orientation improved (vang

2013)

Frontal 

theta 

increase

Memory in adults and 

children (Vernon 2003)

SMR

Procedural learning after sleep 

(reiner 2013)

Parietal 

theta 

Visuospatial rotation 

(veber 2011)

Theta/beta

decrease & SMR

Declrative memory with 

nonRem Spindle frequency 

music performance (berner

2006)

SMRReaction Time (veber

2011)

Theta/beta

decrease & SMR

Improved working (naun 2012)Posterior 

alpha 

Calm and reduce anxietySMR

Implicit memory procedural 

learning (Ros 2014) 

Alpha 

suppressio

n

Sleep spindle increase 

that related to improve 

memory (Berner 2006)

SMR

Verbal intelligence in aged 

people (bekra 2012)

Beta 

decrease

P300 amplitude and 

arousal  increase (egner

2004) 

Beta1

EEG oscillations are causal for cognitive processes : neurofeedback



33!
warning

A 1:1 mapping of brain oscillations to cognitive functions is not 

possible



Application



Neurofeedback

Introduction

History and Trends

Application

Challenges

Efficacy / inefficacy

Unknown mechanism

Practical Problem

Organizational Problem



36



37



38



EEG-Neurofeedback as a Tool to Modulate Cognition and Behavior: A Review Tutorial
Stefanie Enriquez-Geppert et al. 2017
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Problem area Level 5: Efficacious and 
specific

Level 4: Efficacious: Level 3: Probably 
Efficacious:

ADHD √

Depressive disorder √

Anxiety& Anxiety disorder √

Epilepsy √

Adult Headache √

Alcohol/Substance use disorder √

Autism √

Chemobrain √

Chronic pain √

Insomnia √

Performance Enhancement √

PTSD √
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Why inefficacy
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Why inefficacy
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Why inefficacy
• Organizational Issue
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• Organizational Issue
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Thank you for your attention

nazaripsycho@yahoo.com

Nazari_neuro

Neurofeedback_clinic

mailto:nazaripsycho@yahoo.com

