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¥ The evolutionary purpose/function of 
information processing is to facilitate 

prediction…

Information Processing & EMDR
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¥ Optimally, new experiences tend to be assimilated by 
an information-processing-system (IPS) that facilitates 
their linkage with already existing memory networks, 

¥ Which are associated with similarly categorized 
experiences, 

¥ Thereby adding to a knowledge base regarding such 
phenomena as beliefs, expectations and potential 

fears…

Information Processing & EMDR

Information Processing & EMDR

¥ When memory is accessed adaptively, it is linked 
with emotional, cognitive, somatosensory and 

temporal systems 

¥ which facilitate its accuracy and appropriateness 
with respect to time, place and 

contextual situation…
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Information Processing & EMDR

¥ When processed traumatically, or under fearful 
circumstances, experiences are encoded, but 

unlinked to existing neural networks, precluding 
processing into adaptive resolution. 

¥ Pathology results when the linkage/binding systems 
in the IPS are impaired.  

¥ Therefore, experiences are inadequately processed 
and unlinked to emotional, cognitive, somatosensory 

and temporal systems 

¥ Thereby becoming susceptible to inappropriate      
access and experienced in fragmented form, with 

respect to time, place and context…

Information Processing & EMDR
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¥ Consequently, new information, positive 

experiences and affects are unable to functionally 

connect with the disturbing memory. 

¥ This impairment in linkage leads to a 

continuation of symptoms and to the development 

of new triggers.

Information Processing & EMDR

¥ EMDR procedures facilitate access to dysfunctionally 

linked experiential components, allowing them to be 

integrated/linked within appropriate emotional, 

cognitive, somatosensory, and temporal systems. 

¥ This facilitates the effective processing of traumatic 

or disturbing life events and associated beliefs, to an 

adaptive resolution. 

Information Processing & EMDR
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¥ As a result of effective EMDR treatment, previously 

impaired linkage or binding mechanisms in the 

information processing system are repaired, 

¥ facilitating real-time access to appropriately linked 

emotional, cognitive, somatosensory, and temporal 

systems. 

Information Processing & EMDR

¥ Consequently, accessing of adaptively 

linked information is experienced as 

integrated, whole and appropriate to the 

immediate situation. 

Information Processing & EMDR
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¥ "Hebb-Synapse" - conditioned learning and memory are the result of changes in 
synaptic strength.

¥ “Cell-Assembly" - organization among assemblies of cells, is mediated by their 
intrinsic properties and hypersynchrony of neural firing. 

¥ “Memory” - When a neuronal assembly is firing as a result of sensory input, its 
activity represented the perception of the stimulus (encoded experience).  When it

fires in the absence of the corresponding sensory input, the activity
represents the concept of the stimulus (i.e. the memory). 

¥ Hebbian Learning - "any two cells or systems of cells that are repeatedly active, 
at the same time, will tend to become ‘associated’ so that activity in one facilitates 

activity in the other“…

DONALD HEBB, 1949DONALD HEBB, 1949

“Cells that fire together, wire together.”

Shatz, C. J. (1992). The developing brain. Scientific American, 267 (3), 60-67.
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CARDIAC NEURAL SYSTEM

Kojima et al. (2004). Journal of Nanobiotechnology, 2:9

CARDIAC NEURAL SYSTEM

Kojima et al. (2004). Journal of Nanobiotechnology, 2:9

1477-3155-2-9-S2.mpg
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CARDIAC NEURAL SYSTEM

CARDIAC NEURAL SYSTEM
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NEURAL NETWORKS

Delta
0.1 - 3 
Hz

deep sleep, lucid dreaming, increased immune 
functions, cognitive memory

Theta
3 - 8 
Hz

deep relaxation, meditation, increased memory, focus, 
creativity, lucid dreaming, emotional memory

Alpha

Mu 

8 - 12 

7 - 11 

light relaxation, "super learning", vision, imaging

Mirror neuron activity

Low 
Beta

12 -
15 Hz

relaxed focus, improved attentive abilities

Mid-
range 
Beta

15 -
18 Hz

increase mental ability, focus, alertness, IQ

High 
Beta

above 
18 Hz

fully awake, normal state of alertness, stress and 
anxiety

Gamma
31-100
Hz

Predominately 40 Hz associated with information-rich 
task processing and high-level information processing 
& integration.

Parietal & 
Temporal

Parietal &
temporal

Occipital

Throughout the brain

Parietal & frontal

Entire brain

Neural Oscillation
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275 axial gradiometers

MAGNETOENCEPHALOGRAPHYMAGNETOENCEPHALOGRAPHY

¥ PERCEPTUAL REPRESENTATIONAL 
¥ aka NONDECLARATIVE

¥ Implicit
¥ Unconscious
¥ Somatosensorial
¥ Non-verbal

¥ EPISODIC 
¥ Explicit
¥ Procedural

¥ SEMANTIC
¥ Hyper-associative
¥ Meaning

MEMORY SYSTEMSMEMORY SYSTEMS
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event

associated affect in amygdala

episodic memory 
representation is 

strengthened in hippocampus
& links to assemblies are 

created

Memory flows from the 
hippocampus to the semantic 
cortex, strengthening episodic 

memory

Flow of memory is reversed, flowing from 
the semantic cortex to the hippocampus, 

strengthening semantic memory

initial formation of

weak episodic memory 

representation

transfer of information during 

nonREM sleep

integration during REM sleep

In time,

feedback weakening of episodic 

memory

Stickgold, R.  2002.  Journal of Clinical Psychology, 58 (1): 61-75

representations are       
created in each sensory 

modality

Stable episodic
memory

Formation of a Memory – PDP – On/Offline IP
association & 

sensory 
representations 

are combined

association & 
sensory 

representations 
are combined

An event occurs
Sensation

associated affect in emotion 
circuitry

episodic memory 
representation is 

strengthened in hippocampus
& links to the  assemblies are 

created

Memory flows from the 
hippocampus to the semantic 
cortex, strengthening episodic 

memory

Flow of memory is reversed, flowing from 
the semantic cortex to the hippocampus, 

strengthening semantic memory

initial formation of

weak episodic memory 

representation

transfer of information during 

nonREM sleep

integration during REM sleep

In time,

feedback weakening of episodic 

memory

Stickgold, R.  2002.  Journal of Clinical Psychology, 58 (1): 61-75

representations are       
created in each sensory 

unimodality

Stable episodic
memory

Formation of Declarative Memory – PDP – On/Offline IP
association & 

sensory 
representations 

are combined
Perception

association & 
sensory 

representations 
are combined

Perception
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Conscious or 
unconscious 

intent to recall

Combined with associated 
affect in emotional systems

Stickgold, R.  2002.  Journal of Clinical Psychology, 58 (1): 61-75

representations are       
linked in each multimodal

sensory network

Phenomenon of 
recall is

experienced

Process of Recall…Remembering
association & 

sensory 
representations 

are combined

association & 
sensory 

representations 
are combined

Hippocampal 
engram is 
activated

¥ Hence, when we remember someone
¥ Our perceptual system allows us to see and/or

feel that person, so to speak, in our mind.
¥ Therefore, neural maps are recorded and stored in 

dispositional form
¥ Unconscious/implicit

¥ Encrypted and dormant
¥ Waiting to become activated and conscious, on demand…

Damasio, A. (2010). Self Comes to Mind

HIPPOCAMPAL FAPs and DISPOSITIONS
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¥ Memories are represented in terms of the neural operations which 
were engaged when the event was initially encoded/processed.

¥ Successful memory retrieval occurs when those earlier 
operations are recapitulated…

Morris et al. (1977).  Journal of verbal learning And Verbal Behavior, 16, 519-533.

Transfer-Appropriate Processing (TAP)

¥ The memory/recollection of an event occurs 
when a pattern of cortical activity/linkages 

corresponding to the encoding of the event is 
reinstated by activation of a hippocampally-

mediated recreation/relinking of that pattern.

Alvarez, P. & Squire, L. R. (1994).  Memory consolidation and medial temporal lobe: a simple network model.  
Proceedings of the National Academy of Sciences, 91, 7041-7025.

Cortical Reinstatement Model
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Attention and Memory

After the perceived event is no longer 
attended to, the distributed networks of 

the engram (neural map) 
deactivate/unlink their synaptic 

connections.

MEMORY

¥ Consists of…

¥ And is stored as…

¥ Changes in synaptic strength/linkage within          
assemblies/networks/maps of neurons

¥ Which, when activated/linked, cause the phenomenon 
of a memory being recalled…
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Prince et al. (2005).  Journal of Neuroscience, 25 (5), 1203–1210.

ENCODING vs. RETRIEVAL OF MEMORYENCODING vs. RETRIEVAL OF MEMORY

Semantic and Perceptual Memory Combined Data

Cognitive

Memorial

Somatosensory

Visual

Affect

¥ Generated by thalamic and cortical interneurons.
¥ Prevalent throughout the nervous system.
¥ Move in rostra – caudal waves.
¥ Mediates global – temporal mapping by --

¥ scanning for, targeting and synchronizing
¥ various neuronal assemblies – oscillating at their   

own frequencies.
¥ Binding them, coherently and temporally…

THE BINDING PROBLEM and the SOLUTION –
40 HZ  GAMMA BAND OSCILLATION 

THE BINDING PROBLEM and the SOLUTION –
40 HZ  GAMMA BAND OSCILLATION 
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Perceiving/Encoding

Occipital gamma provides
a drive to association and memorial areas 

facilitating linked synaptic encoding

Recognizing/Remembering

Gamma reflects a 
‘pattern completion’ process

relinking needed synaptic encoding) 

ROSTRA – CAUDAL 40 HZ OSCILLATIONROSTRA – CAUDAL 40 HZ OSCILLATION

Nieuwenhuis et al. (2008). Neuroimage

ROSTRAL GAMMA WAVE & LINKAGE

POSTERIOR ANTERIOR
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Llinas et al. (2002). Proceedings of the National Academy of Sciences, 99 (1), 449-454.

II

III

Basolateral
Ventrolateral

Centralateral

40 Hz Bursting

40 Hz Bursting

Thalamo-Cortical-Temporal Binding/Mapping

Linkage of sensory areas
Linkage of interoceptive

subjective areas

Binding of linked areas
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Llinas et al. (2002). Proceedings of the National Academy of Sciences, 99 (1), 449-454.

II

III

Basolateral Centralateral

40 Hz Bursting

40 Hz Bursting

Thalamo-Cortical-Temporal Binding/Mapping

Linkage of sensory areas
Linkaege of interpceptive

subjective areas

Binding of linked areas

Sederberg et al. (2007).  Psychological Science, 18  (11), 927-932

Gamma Oscillation, Encoding & RetrievalGamma Oscillation, Encoding & Retrieval
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Llinas et al. (2002). Proceedings of the National Academy of Sciences, 99 (1), 449-454.

II

III

Basolateral Centralateral

40 Hz Bursting

40 Hz Bursting

Thalamo-Cortical-Temporal Binding/Mapping

If specific circuitry
is impaired, sensory 

input is impaired,
But not obliterated.

If nonspecific circuitry
is impaired, extrinsic 
information continues,
But there is no self to 

respond to it.

“Neurons that fail to synch, fail to link”Carla Shatz

Shatz, C. J. (1992). The developing brain. Scientific American, 267 (3), 60-67.
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