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Historical Roots of the Conception of the Slow 
Cortical Potential, Vigilance, Tonic Arousal, and 

Cortical Activation 



“From the Sum of Excitation to the Cortical 
DC Potential”



Early conceptions of the cortical potential 

• Caton already utilized the concept of cortical surface potential in 1875
• Hughlings Jackson talked in terms of a “cerebral global function” 
• Josef Breuer  postulated an “intra-cerebral tonic arousal” 
• Sigmund Freud: “Erregungssumme” (sum of excitation) in 1894

• Seen as relevant to the “defensive (reactive?) psychopathologies”
• hysteria, phobias, obsessions, and hallucinatory psychoses  

• Freud and Breuer, 1895  “Hilfsvorstellung” (heuristic model):
• “A certain measure of arousal exists in the conductive pathways of the resting, 

waking, engagement-capable brain.”
• An implicit connection between arousal regulation and the reactive 

psychopathologies



Introduction of the concept of vigilance 
• Henry Head introduced the concept of vigilance in 1924
• This was intended to represent the instantaneous functionality of the 

nervous system, not just of the degree of awakeness or alertness
• Another formulation of Hughlings Jackson’s  “Cerebral Global Function”  (CGF) 

• The fluctuations of vigilance were deemed to be relevant to the 
fluctuations in clinical symptom severity in lesioned brains

• Lairy & Dell first postulated the EEG as an indicator of CGF and thus of 
Head’s Vigilance (1957) 

• Dieter Bente saw the spontaneous resting EEG as an indicator of 
states of vigilance in 1964

With thanks to Gerald Ulrich, MD 



Further evolution of early conceptions 

• Gustav Theodor Fechner (1889): envisioning a biological foundation 
for our lived experience (Erleben). 

• Golgi (1906) - Postulated collective (integrative) neuronal activity 
• Hans Berger (1924) – “Elektroenkephalogramm; Hirnstrombild” 
• Hubert Rohracher (1935) took advantage of electronic amplifiers

• Introduction of tube amplifiers in the thirties meant ac-coupling of the signals 
which meant the loss of the dc potential information

• The world of science went dark on the slow cortical potential 

• Rediscovery by Grey Walter in 1964: “Expectancy wave” associated 
with alerting stimulus. 



Aladjalova: “Infra-Slow Oscillations”

Investigated in 
animals with 
implanted 
electrodes

Nature volume 179, pages 
957–959 (11 May 1957)
doi:10.1038/179957a0

Published in 1964



1964 milestones 
• Dieter Bente – Spontaneous EEG and Vigilance
• Grey Walter—Expectancy wave (Bereitschaftspotenzial)
• Nina Aleksandrovna Aladjalova—Tonic Slow Cortical Potential

• She had already published previously 

Also:
• Barry Sterman and Lorraine got married at Yale
• Sue and Siegfried got married at Cornell 

• Within a week of one another 



Aladjalova postulated a slow regulatory system





Infra-slow potential oscillations  (ISPO)



Slow control system 



Slow control system, cont’d

• Waves of excitation are also observed on shorter time scales: 
• five over a period of two hours-- a periodicity of 0.6mHz. 



Early intimations of the phenomena we are now living with. 



Slow cortical potential 

• ‘Rediscovery’ of SCP by Grey Walter in 1964:
• “Expectancy wave” associated with alerting stimulus.

• This renewed interest was followed up by 
• Joe Kamiya
• Karl Pribram
• Juri Kropotov

• Evoked potential research (1964+) 
• Guttman 1968

• Vienna
• Sue Othmer 1968-72 

• Cornell and UCLA Brain Research Institute



Beginnings of EEG biofeedback 

• Rohracher tried to connect EEG phenomenology to mental events 
• Joe Kamiya (~1958), was on the same track, trying to connect EEG 

phenomenology to psychological states
• Blinded study of awareness of brain alpha-band activity
• Entry into the realm of EEG biofeedback 

• Barbara Brown followed with her own independent discovery of EEG 
neurofeedback

• Barry Sterman likely heard a lecture by Joe Kamiya, which may have 
stimulated the EEG-training variant of his conditioning experiments



Further evolution of these conceptions 

Guttman: 
• “A century after Freud’s initial hypothesis we're actually able to find 

cortical surface potentials that express local excitability and 
responsiveness and seem to correspond to the ‘sum of excitation’.”

Karl Pribram (1971): 
• Local cortical potential: “the second language of the brain”



Model of Gerald Ulrich (1994):
• Building on

1. Hughlings Jackson’s “Cerebral Global Function” 
2. Hans Selye’s “General Adaptation Syndrome” 
3. Bente’s Conception of the Spontaneous Resting EEG reflecting Vigilance 

and the Cerebral Global Function: 
• Distinguishes states of Dynamic Rigidity and of Dynamic Lability, 

extrema in the continuum with Physiomorphic Dynamics 
• Corresponding patterns are observable in the Spontaneous Resting EEG
• Ulrich, G  Psychiatrische Elektroenzephalographie. G Fischer, Jena, 1994 

• https://ulricheeg.wordpress.com/2014/09/17/neuro-feedback-therapy-nft-and-henry-
heads-concept-of-vigilance/

Forshadows our conception of brain instabilities 



Dynamic Rigidity 



Dynamic Lability



Physiomorphic
Vigilance Dynamics



Neurofeedback and the Neural 
Representation of Self: 

Lessons From Awake State and Sleep 

Andreas A. Ioannides* 
Laboratory for Human Brain Dynamics, 

AAI Scientific Cultural Services Ltd., Nicosia, Cyprus 
Front. Hum. Neurosci. 12:142. doi: 10.3389/fnhum.2018.00142 



Ta-Nehisi Coates:

“People should understand [my] articles, not as a demonstration of 
knowledge, but as a kind of demonstration of the act of gathering 
knowledge. In other words, those pieces are not pieces I already had 
in my head and just wrote. The process of writing was the process of 
learning about the thing.”



Assimilation and Accommodation

• Assimilation: An approximate fit of the new experience into the 
current internal model of the world

• Self-image is likely to be preserved in this process  
• Dominates in the awake, engaged state 

• Accommodation: A change in the internal representation of the world
• Dominates during rest and particularly during sleep 

• These concepts were proposed by Piaget and Vygotsky (1978) in their 
theory of the “Zone of Proximal Development”

• The capacity to learn in the context of assistive agents, beyond what the 
organism might learn on its own



Memory 

• Temporary, local storage of memory during the awake, active state
• Transfer into more permanent storage of salient events during sleep
• From temporal lobe and vicinity via medial pre-frontal cortex to 

broader regions of cortex.
• Posterior parietal cortex … key player in memory consolidation and 

retrieval 



Assimilation and Accommodation 

Assimilation:
• The gathering of information and placement of salient events to a 

temporal storage relevant for future use for accommodation. 
• Takes precedence during awake states 



Attention and Memory 

• The foundation of volitional action is control of attention 
• William James, 1892

• Ownership of attentional movement defines consciousness
• Attention is not a unitary process

• Networks link frontal and parietal areas 
• In the service of both goal-directed and stimulus-driven attention 



Salience network– yet another kind of attention

• Two main nodes playing a sentinel role, with the rACC monitoring the  
external environment and the anterior insula monitoring the internal 
environment 

• Salience network also predicts the outcome of actions and sends out 
alarms when outcomes don’t agree with expectations or conflict 
arises in the planned order of tasks…. 



The DMN, Sleep Architecture, and the Core Self

• Sleep stages appear very unruly
• non-REM sleep stages are not homogeneous 
• Where is continuity (during sleep stages) observable?
• Two regions: left side of the dorsal midline fissure

• In the gamma band 

• “Midline Self-representation Core”
• MSRC1 (anterior) and MSRC2 (posterior)
• Strength of gamma band activity increased from awake state to light 

sleep to deep sleep to REM sleep. 



Commentary on the Midline Self-Representational Core: 

Implication: 
• We are most unambiguously ourselves (i.e., the self is most clearly 

in charge) when we are asleep… 
(I think that’s kind of a waste…… We don’t even get to enjoy being in charge) 

• Under what circumstances do we get close to that state?
• Meditation? 



DMN
• The two primary hubs are rather densely packed with activity in 

brain mapping
• Except for MSRC1 and MSRC2!
• Three-layer onion:

1. Activity when the brain is not externally engaged
2. Activity that is self-referential, autobiographical

1. I-me issues
2. Theory of Mind 

3. The core self 



The fortress of the core 
self 

Mediation of issues related 
to the core self 

The non-engaged 
brain 



The core self

• The core self shows (distinguishes?) itself best during sleep 
• Shows in tasks where fine distinctions are needed between first and 

third person descriptions
• “We propose that this, the MSRC network, is the closest we are likely 

to come to a neural representation of the core self.” 

MSRC: Midline Self-Representational Core



Re-constitution of the Self in sleep-mediated 
Accommodation 

• During sleep assimilation is still operating…as a sentinel for danger 
• Accommodation takes center stage, but only when all is safe
• The appearance of spindles in the EEG signifies the suppression of 

external input
• Shifts emphasis to internal representations and memory consolidation

• The neural representation of self must be kept dormant (inviolate?) 
during the awake state. 

• Preserved from alteration

• Action is delegated to the proxies of self (the near neighborhood)
• They execute the wishes and goals of the core self 



Accommodation
• Modification of the neural representation of the self-–even in a small 

way—takes place when the environmental input is blocked
• This process becomes visible to us in dreams
• Dreams are the last step in the process of accommodation
• “Dreaming is a cognitive achievement that develops gradually over 

the first eight or nine years of life”
• The byproduct of two developmental innovations: sleep and consciousness



Zone of Proximal Development (ZPD) 

• “What the neural networks are capable of doing but have not 
done yet”

We (Sue and I) have framed this principle as follows: 
• “The near neighborhood of any accessible brain state is also 

accessible”
• Toys, games, teachers, test situations, competition, 

neurofeedback and brain stimulation all take us into novelty, 
the zone of proximal development

• Incrementally beyond the “normal physiological range of brain 
activity” 



Assimilation, Accommodation and the ZPD

• During assimilation, the brain remains largely within the normal 
physiological range of brain activity

• Small encroachments upon the ZPD

• During accommodation, wider latitude exists for excursions from 
the normal range of brain activity

• Leading to adjustments in the internal model of the world
• And to mild, incremental alterations of our own self-image 



Implications for early development

• The newborn has yet no identity and no self to rely on 
• One can consider the somatosensory and motor homunculi as the 

primitive progenitor, the scaffolding, on which a self will develop
• Consistent with the centrality of the somatosensory experience

• The self begins with the sense of agency conferred by control of 
body and limbs

• Accommodation and sleep dominate… 
• Establishment of self goes hand in hand with control of attention 

and establishment of (implicit) memory 



The Mothering Effect 
• The mother aids the initial construction of the self more in 

relationship than in agency
• Meeting the infant gaze 

• The discussion thus far places the neural representation of the self 
at the heart of the Default Mode—

• the frontal and parietal hubs
• (David Kaiser: Parietal hub embodies the maternal imprint)  

• Within this framework, a common target of (ILF) NF interventions 
can be identified as the restoration of aberrant activity of the  
Midline Self-Representation Core, the MSRC

• NF is the first element of a process that involves the rest of the day 
and especially sleep. 



Brain Topography  DOI 10.1007/s10548-017-0593-8 



Observing change 
with A-T NF

• Increased activity 
in right and left 
posterior cingulate 
cortex



The brain, obesity and addiction: 
an EEG neuroimaging study 

Dirk De Ridder, Patrick Manning, Sook Ling Leong, Samantha Ross, 
Wayne Sutherland, Caroline Horwath & Sven Vanneste
Scientific Reports | 6:34122 | DOI: 10.1038/srep34122 



Gamma band excess common to obese people with 
either high or low score on Yale Food Addiction Scale 



Gamma excess in frontal hub…



Observe RH dominance in rACC signature!



Commentary 

Is it possible that the gamma band excess we see in obesity obliterates 
the boundary that, according to Ioannides, protects the core self, the 
MSRC, in its relationship to the rest of the DMN posterior hub?

• This could raise a caution flag when we do front-back gamma 
synchrony training in obesity, addiction, cravings…. 



About memory…. 
“The Parietal Memory Network” 

Segregation between the Parietal Memory Network and the 
Default Mode Network

• Yang Hu • Jijun Wang • Chunbo Li • Yin-Shan Wang • Zhi Yang • Xi-Nian Zuo
• Sci. Bull.  DOI 10.1007/s11434-016-1202-z 



Posterior Memory Network and Default Mode Network



Anterior and Posterior Default Mode



Why may this be important to us?

• The segregation between PMN and DMN has also been revealed in 
various studies examining low-frequency fluctuations in spontaneous 
brain activity as measured by resting-state functional MRI (rfMRI) 

• ….the PMN surrounds the posterior part of the DMN
• Includes the zone of the Midline Self-Representational Core (MSRC)



What’s happening here?

• We are moving from a ‘lumping’ to a ‘splitting’ perspective 
• Is ‘memory’ really the discriminant between the two 

regions?
• Assignment of memory function is an assignment of 

exclusion –after all else has been ruled out
• All neurons are memory elements



On cerebral memory ….
• It is not compartmentalizable 
• It does not move around
• The kind of memory we care about and think about…

• is not entirely localizable 
• To be useful, it has to be accessible

• Hence it must be part of a larger network
• But it is largely localized

• where the matter was experienced in the first place
• And it continues to reside where it was created 

• There is indeed no alternative 



Classes of neuromodulation, in the perspective of 
the Zone of Proximal Development (ZPD)

Covert Neurofeedback
Incremental state change within ZPD

Brain Stimulation
Macroscopic shift in neural configuration 

ECT, rTMS
Massive, global reorganization

State 
configuration 

A leap into the unknown 

On the edge of madness 



Classes of neuromodulation, in the perspective of 
the Zone of Proximal Development (ZPD)

Covert Neurofeedback
Incremental state change within ZPD

Brain Stimulation
Macroscopic shift in neural configuration 

ECT, rTMS
Massive, global reorganization

State 
configuration 

A leap into the unknown 

On the edge of madness Maximizes 
Assimilation…  and 
Accommodation  

Maximizes 
Assimilation…. 

and 
Accommodation  



Implications for our training within the ZPD

• This calls for training in the least engaged state of which we are 
capable

• Anything that takes us toward calm states supports the cause
• Anything that enhances our awareness of calm states is welcome
• We should move toward a neurofeedback experience that is more 

immersive, more all-encompassing
• Banish what rivets the mind within the present moment while we 

engage the brain in the present moment…
• The mind should be at ease 

• It even motivates us to investigate NF during particular sleep stages



This also focuses us on early development 
and the emergence of the self 

We augment what Ioannides calls the “Mothering Effect”:
• “The mother aids the initial construction of the self more in 

relationship than in agency”
• ILF NF … aids the initial construction of the self more in (internal) 

relationship than in (external) agency:
• Engaging the brain of ‘being’ rather than of ‘doing’
• The engagement is internalized
• The ‘being’ self is engaged with itself



Evidence on the emergence of the brain’s default 
network from 2-week-old to 2-year-old healthy 

pediatric subjects 

Wei Gao, Hongtu Zhu, Kelly S. Giovanello, J. Keith Smith, 
Dinggang Shen, John H. Gilmore, and Weili Lin 

6790–6795 PNAS  April 21, 2009 vol. 106  no. 16 
www.pnas.org/cgi/doi/10.1073/pnas.0811221106 

weili lin@med.unc.edu. 



Salient points from the abstract (edited): 

• A primitive and incomplete default network is present in 2-week-olds, 
followed by a marked increase in the number of brain regions 
exhibiting connectivity, and the percent of connection by 1 year 

• the MPFC emerges as a secondary hub starting at 1 year 
• By 2 years, the DMN becomes similar to that observed in adults
• the PCC/Rsp is consistently observed in [all] age groups and is central 

to the most and strongest connections of the default network
• Implies that the PCC/Rsp serves as the main ‘‘hub’’ of the default 

network in infants—as in adults. 





Implications for training before age 2

• P3-P4 training could be a useful alternative or complement to 
training T3-T4 during the early developmental years

• The new ILF synchrony protocol could be particularly 
important in the early years

• While the frontal and parietal hubs are still getting acquainted

• Local synchrony training might be useful as well
• Peak frequency at or above 4 Hz 
• P1+ P2
• CPz + POz [Forward of Pz] + [posterior to Pz]  (10-10 System)
• P1 + P2 + CPz + POz



Pressured Decision-making 
By Tobias Egner

NeuroImage · September 2017 DOI: 10.1016/j.neuroimage.2017.08.069



Who is Tobias Egner?

• Former graduate student of John Gruzelier
• He attended our training course at Imperial College in 1999
• His Ph.D. dissertation was on the study at the Royal College of 

Music
• Utilized our protocols
• NeuroCybernetics system 



Probabilistic inference under time pressure leads to a 
cortical-to-subcortical shift in decision evidence 

integration
• Under time pressure, people move toward a “satisficing” strategy that 

relies on a subset of cues to yield a ‘good-enough’ decision
• In a complex decision-space

• This strategic change in decision-making was associated with an 
increased involvement of the dopaminergic midbrain

• striatum, thalamus, and cerebellum 

• Yielding a cortical-to-subcortical shift in the neural drivers of decisions



Commentary:

• But we are not directly training those! 
• Also, we don’t have a complex decision-space in the CPT
• All the more reason, then, to narrow down to an efficient decision-

strategy
• That also implies movement from cortical toward sub-cortical involvement
• The task it totally routinized, so it is also a left—brained task
• So why are we mainly working the right side to improve CPT scores? 



• There is an aspect of unpredictability to the task, and that shifts the 
burden to the right hemisphere 

• In an auditory odd-ball task, where the ‘unpredicted’ response 
happens more rarely, right-hemisphere involvement is dominant



D H Weissman, K C Roberts, K M Visscher & M G Woldorff
NATURE NEUROSCIENCE VOLUME 9 [7 ], JULY 2006 

The neural bases of momentary lapses in 
attention 



From the abstract: 

• Attentional lapses begin with reduced pre-stimulus activity in anterior 
cingulate and right prefrontal regions involved in controlling 
attention. 

• Less efficient stimulus processing during attentional lapses was also 
characterized by 

• less deactivation of a ‘default-mode’ network 
• reduced stimulus-evoked sensory activity 
• increased activity in widespread regions of frontal and parietal cortex 

• Increased stimulus-evoked activity in the right inferior frontal gyrus 
and the right temporal-parietal junction predicted better 
performance on the next trial. 



Challenge was to 
indicate the identity of 
either the large or the 
small letters as fast as 
possible in long 
sequence of trials 



Regions of a ‘default-mode’ network in which relatively large 
deactivations were associated with relatively fast response times 



How do we put these two stories together?

• Egner’s pressured reaction time test focuses on an optimized strategy 
that largely relies on LH and thalamic function 

• Attentional lapses are rare events having more to do with the global 
context in which the challenges unfold

• These are the business of the RH in first order 
• ‘Catastrophic’ failure is the responsibility of the RH
• Performance optimization in routinized task is for the LH 



Implications

• The primacy of RH function in attentional control – in context-
setting and maintenance—is becoming better established

• Being poised for novelty placed primary burden on the RH
• Attentional lapses are primarily attributable to shortcomings in 

RH self-regulatory status 



Laurent Petit, Gregory Simon, Marc Joliot, Frederic Andersson, Thomas 
Bertin, Laure Zago, Emmanuel Mellet and Nathalie Tzourio-Mazoyer

Restorative Neurology and Neuroscience 25 (2007) 211–225 

Right hemisphere dominance for auditory 
attention and its modulation by eye position: 

An event-related fMRI study 



From the Abstract
• Purpose: Previous neuroimaging studies of oddball tasks and other 

paradigms measuring attention processes support right hemisphere 
dominance for attentional processes. Using an auditory selective 
attention task, we studied the functional asymmetry of the human 
brain in response to attended or unattended deviant tones. 

• Results: Relative to standard tones, both attended and unattended 
deviant tones (DTs) presented to either ear elicit the activation of a 
widespread bilaterally distributed cortical and subcortical network. A 
subset of this network, essentially frontal and temporal areas, 
showed not only greater right than left activity but an enhancement 
of this rightward asymmetry in response to attended DTs. 

• Conclusion: These results support the assumption that the right 
hemisphere is preferentially engaged in processing audio-spatial 
attentional resources…. 





Hemispheric asymmetry



Siegfried Othmer, PhD
EEG Institute

Refining our Tactics 



Our Signal

We’ve never shown you the signal we are depending on 
for good feedback!
It’s huge… 



Observe the absence of transients (beyond simple offset 
voltage) upon site change.  

Electrode at T3, which stays in place

5mV



Electrode 
placement

Electrode 
placement

Electrode 
placement

Movement 
artifact?Electrode 

equilibration?
Electrode 
equilibration?



Frequently we have the impression that things are 
working better than could reasonably be expected



Nevertheless, things could still be improved: 
Hence, a discussion of tactics….

• There are obvious advantages to placing all electrodes on the scalp 
at the beginning of the session, and then letting them equilibrate 
during the course of the session until you get around to them

• There is a further advantage in placing the electrodes before you 
have the discussion with the client

• The discussion period allows for the equilibration of the first training sites

• This is particularly to be recommended for training within the 
lowest decade of frequency range

• This is on top of good electrode etiquette 



Multiple channel synchrony training 
• Four-channel synchrony training has been done for many years
• Particularly in the Alpha band:

• Jim Hardt
• Les Fehmi (more than four…) 

• We can get some of the benefit of four-channel training even with 
our two-channel synchrony protocol

• Judiciously combine signals…. 
• Front-back:   (F3 + P3) + (F4 + P4)
• Side-to-side:  (F3 + F4)  +  (P3 + P4)    

• Couples Training 







Multiple channel synchrony training: 
Combining four channels into two



Signal coupler 

• The easiest way to 
couple channels

• Not perfect, but 
‘good enough’



Resistor network to couple two channels 



Presently we fine-tune the frequency…. 
But how do we fine-tune the placement?

An extension of our optimization strategy to the spatial domain:
Use the signal-coupler:
• To probe the effect of adding nearby cortical real estate to the 

basic placement at T4:
• Temporal pole
• Temporo-parietal junction  









Resistor network to couple two channels 



Couple O1 and O2 in 
place of Oz



Couple Oz and Pz as 
an alternative to 
choosing between 
them in Alpha-Theta 



Couple Cz and Fz
to strengthen 
inhibits in ILF HD



Exploration of the inferior 
temporal lobe sites:

Here the site labeling has 
been according to the 10-
10 system:

T4  >>  T8;  T3  >>  T7
T6  >>  P8;  T5 >>  P7

Additionally, there could 
be exploration of Fpz and 
FpO2

FpO2

Fpz



Optimizing search 

• How do albatrosses fish?
• How do you optimize 

picking blueberries? 
• Punctuated equilibrium in 

evolution



The search space
ILF Synchrony

ILF Differential 

Passive Infrared (PIR)

Inhibit-only 

“SMR-beta” 

Alpha Synchrony

Gamma band Synchrony

Alpha-Theta 

HRV Training

Couples Training 

SomniResonance
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