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ABSTRACT 
Enabled by recent neuroscience and especially electroencephalogram (EEG) studies, this paper describes a 
conceptually novel modeling approach, based on quantum theory, to basic human mind states as systems of 
coherent oscillation. The aim is to bridge the gap between fundamental theory, experimental observation and the 
simulation of agents’ mind states. The proposed approach, i.e., an oscillating agent model (OAM), reveals 
possibilities of employing wave functions and quantum operators for a stylized description of basic mind states 
and the transitions between them. In the OAM the basic mind states are defined using experimentally observed 
EEG spectra, i.e., brainwaves (delta, theta, alpha, beta and gamma), which reveal an oscillatory nature of agents’ 
mind states. Such an approach provides an opportunity to model the dynamics of basic mind states by employing 
stylized oscillation-based representations of the characteristic EEG power spectral density (PSD) distributions of 
brainwaves observed in experiments. In other words, the proposed OAM describes a probabilistic mechanism for 
transitions between basic mind states characterized by unique sets of brainwaves. The instantiated theoretical 
framework is pertinent not only for the simulation of the individual cognitive and behavioral patterns observed 
in experiments, but also for the prospective development of OAM-based multi-agent systems. 
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  Introduction1 
The construction of an oscillating agent model 
(OAM) based on quantum mechanics aims to 
describe agents’ mental states in terms of a 
unique set of oscillations. By and large, such a 
conceptual approach is based upon 
electroencephalogram (EEG) oscillation patterns 
(brainwaves) observed in experiments. We 
exploit the fact that each basic mental state has a 
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characteristic EEG spectral activation pattern2 
(Plikynas et al., 2014a; Plikynas et al., 2014b; 
Buzsaki, 2011; Cantero et al., 2004). Before going 
deeper into the realization of the proposed 
approach, we will review some of the related 
research.   

The OAM approach is close to the Dynamic 
Causal Modelling (DCM) framework, which was 
recently developed by the neuroimaging 
community to explain, using biophysical models, 
the non-invasive brain-imaging data caused by 
neural processes (David, 2007). In DCM, the 
parameters of biophysical models are estimated 
from measured data and the evidence for each 
                                                 
2 For instance, to distinguish between wakefulness and deep sleep, 
the power ratio between delta and beta bands of 
electroencephalograms was the most successful measure 
(classification error 1%) (Šušmáková and Krakovská, 2008).   
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model is evaluated. This enables different 
functional hypotheses (i.e., models) to be tested 
for a given data set. The goal is to show that these 
models can be adapted to get closer to the self-
organized and dissipative dynamics of living 
systems, as covered by formal theories used in 
biology such as autopoiesis. Therefore, from a 
theoretical standpoint, the OAM approach gets 
closer to the theoretical framework of autopoietic 
systems (Georgiev and Glazebrook, 2006).  

Hence, we attempt to connect 
experimentally-driven DCM and conceptually-
driven autopoietic systems theory. We construct 
the OAM based on the DCM framework; the OAM 
employs structural and dynamic effects using the 
quantum mechanical approach to modeling the 
dynamics of self-organized states. From the other 
side, we use autopoietic theory to describe the 
dynamics of the transformation processes of 
mind states, which through their interactions 
continuously regenerate and realize the network 
of processes (relations) that produced them 
(Maturana and Varela, 1980). 

In neurodynamics there are two classes of 
effects: dynamic and structural. The duration and 
form of dynamic effects depends on the 
dynamical stability of the system in relation to 
perturbations of its states (i.e., how the system’s 
trajectories change with the state). Structural 
effects depend on structural stability (i.e., how 
the system’s trajectories change with the 
parameters). Systematic changes in the 
parameters can produce systematic changes in 
the response, even in the absence of input (David, 
2007). 

The proposed OAM approach has the 
potential to address both classes of 
neurodynamic effects, i.e., dynamic and 
structural, because it uses the quantum 
mechanical representation of self-organized mind 
states.3 The OAM simulates the dynamics and 
structural effects of agents’ basic mind states 
(BMS)4 by employing stylized oscillations-based 
representations of experimentally observed 
characteristic EEG power spectral density (PSD) 

                                                 
3 Emmanuel Haven and Andrei Khrennikov’s recent monograph 
“Quantum Social Science” forms one of the very first contributions 
to a very novel area of related research, where information 
processing in social systems is formalized by the mathematical 
apparatus of quantum mechanics (Haven and Khrennikov, 2013). 
4 We chose the following basic mind states (BMS) - sleeping, 
wakefulness, thinking and resting. We make use of the fact that each 
BMS has a characteristic brainwave pattern, which can be identified 
using power spectral density (PSD) distribution analyses (Muller et 
al., 2008; Plikynas et al., 2014a). 

distributions of brainwaves (Plikynas et al., 
2014a; Buzsaki 2011; Nunez and Srinivasan 
2005) in delta, theta, alpha, beta and gamma 
spectral ranges.5 Of course, we infer that PSD 
patterns can objectively identify BMS (Plikynas et 
al., 2014b; Benca et al., 1999; Lutz et al., 2004). 

 We elaborate further that the wave-like 
nature of coherent human mind-field states 
(BMS) can be approximated using the wave 
mechanics approach (Conte et al., 2009), i.e., 
wave function (also known as state function)6 
and linear operators (Haven and Khrennikov, 
2013; Buzsaki, 2011). This assumption is based 
not only on recent theories such as Pribram and 
Bohm’s holonomic brain theory (Pribram, 1991; 
1999) and Vitello’s dissipative quantum model of 
the brain (Vitello, 2001; Pessa and Vitello, 2004), 
but also on recent evidence that shows a “warm 
quantum coherence” in plant photosynthesis, 
bird-brain navigation, our sense of smell, and the 
activities in microtubules of brain neurons 
(O’Reilly and Olaya-Castro, 2014; Engel et al., 
2007). This evidence corroborates well with the 
twenty-year-old ‘Orch OR’ (orchestrated 
objective reduction) theory of consciousness 
proposed by Stuart Hameroff and Sir Roger 
Penrose (Hameroff and Penrose, 2013).  

 Following our earlier proposed OSIMAS 
(oscillations-based multi-agent system) paradigm 
(Plikynas et al., 2014a; Plikynas et al., 2014b) and 
other related research (Haven and Khrennikov, 
2013; Orme-Johnson and Oates, 2009; Pessa and 
Vitello, 2004; Newandee, 1996; Adamski, 2013), 
we designed the OAM approach as a building 

                                                 
5At the level of neural ensembles, the synchronized activity of large 
numbers of neurons gives rise to macroscopic oscillations, i.e. 
brainwaves, which can be observed in the electroencephalogram. 
For instance: (i) the delta range (frontal high amplitude waves; 
frequency range up to 4 Hz) is mostly associated with deep sleep 
and deep meditative states; (ii) the theta range (found in various 
locations; frequency range 4-8 Hz) is mostly associated with relaxed, 
meditative, and creative states (Lutz et al., 2004; Travis and 
Arenander, 2006); (iii) the alpha range (both sides of the posterior 
regions of the head; frequency range 8-12 Hz) is mostly associated 
with reflective, sensory and motor activities; (iv) the beta range 
(both sides, symmetrical distribution, most evident frontally, low-
amplitude waves; frequency range 12-30 Hz) is mostly associated 
with active thinking, focus, high-alert, anxious states; and (v) the 
gamma range (frequency range approximately 30-100 Hz) is mostly 
associated with the brain binding into a coherent system for the 
purpose of complex cognitive or motor functions.  
6 In quantum mechanics, the wave function describes the quantum 
state of a particle and how it behaves in terms of its wave-like 
nature. Although the human mind consists of billions of particles, we 
assume that in BMS some sort of coherence mechanism prevails, 
binding these particles and causing them to oscillate coherently (in 
unison) as one. Therefore, in simplified terms we assume that in 
principle wave function can be used as an approximation of the 
representation of BMS.  
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block for the prospective construction of multi-
agent systems that can simulate coherent social 
states in a more natural way.  

In the following section, prior to the 
detailed description of the OAM conceptual 
framework, we briefly present our previous EEG 
experimental findings, which paved the way for 
the conceptual OAM approach.   

 

Model setup: Experimental and Conceptual 
Framework 
Let us emphasize that the main prospective 
implication of the proposed conceptual approach 
is oriented towards the construction of an OAM 
(oscillating agent model). The main goal of the 
OAM is to simulate the dynamics of basic human 
mind states (BMS)7 by employing stylized 
oscillations-based representations of 
experimentally observed characteristic EEG 
power spectral density (PSD) distributions of 
brainwaves (Plikynas et al., 2014a; Buzsaki, 
2011; Nunez and Srinivasan, 2005) in the delta, 
theta, alpha, beta and gamma spectral ranges.8 

Before delving deeper into the OAM 
approach, below we briefly describe some of our 
previous EEG experimental findings9 that have 
inspired the proposed conceptual framework. 

                                                 
7 We chose the following basic mind states (BMS):  sleeping, 
wakefulness, thinking and resting (Kurooka et al., 2000). Each BMS 
has a characteristic brainwave pattern, which can be identified 
using power spectral density (PSD) distribution analyses (Muller, 
2008; Plikynas et al., 2014b). See Figure 2. 
8 At the level of neural ensembles, synchronized activity of large 
numbers of neurons gives rise to macroscopic oscillations, i.e. 
brainwaves, which can be observed in the electroencephalogram 
EEG. For instance: (i) the delta range (frontal high amplitude waves; 
frequency range up to 4 Hz) is mostly associated with deep sleep 
and deep meditative states; (ii) the theta range (found in various 
locations; frequency range 4-8 Hz) is mostly associated with relaxed, 
meditative, and creative states (Lutz et al., 2004; Travis and 
Arenander, 2006); (iii) the alpha range (both sides of the posterior 
regions of the head; frequency range 8-12 Hz) is mostly associated 
with reflective, sensory and motor activities (Benca et al., 1999); (iv) 
the beta range (both sides, symmetrical distribution, most evident 
frontally, low-amplitude waves; frequency range 12-30 Hz) is 
mostly associated with active thinking, focus, high-alert, anxious 
states; and (v) the gamma range (frequency range approximately 
30-100 Hz) is mostly associated with the brain binding into a 
coherent system for the purpose of complex cognitive or motor 
functions.  
9 Our experimental findings are based on the EEG signals recorded 
using the BioSemi ActiveTwo Mk2 system with 64 channels 
(Plikynas et al., 2014a, Plikynas et al., 2014b). This system obtains 
and records high-quality (resolution LSB = 31.25 nV) and low-noise 
(total input noise for Ze<10 kOhm is 0.8 µVRMS) electric local field 
potentials from the surface of the skull (Metting et al., 1990). The 
time-density (sampling frequency) of the recorded signals was 1024 
points per second for all 64 channels from participants’ head 
surfaces. In our EEG experimental setup we investigated the delta, 
theta, alpha and beta spectral ranges. In this particular EEG setup, 
the gamma frequency range was not analyzed due to the applied 
power noise filter. 

First, for readers who are less familiar with the 
EEG temporal signals, we have depicted a sample 
of an ordinary EEG signal for a time period of 4 
seconds and the separation (filtering) of the 
signal to the above-mentioned spectral ranges 
(Figure 1). 

Our initial experiments showed that 
baseline individual tests are needed in order to 
make meaningful comparisons of EEG activations 
among different people. Hence, in Figure 2 we 
provide a sample of a baseline test for spectral 
power dynamics summed for all EEG channels. 
Here we have depicted only one person’s case. 
However, similar tendencies of summed spectral 
power variability were observed for other people 
as well (Plikynas et al., 2014b). At first glance, 
Figure 2 indicates a very high spectral power 
variance. But is this really the case? The answer is 
- not at all, as we have to take into account that 
we can see only the tip of the iceberg of the total 
spectral energy activated in the brain.  

EEG registers signals on the scalp in micro 
Volts (Nunez et al., 2005), whereas neurons 
produce local field potentials in mili Volts. This 
means that measured EEG signals are three 
orders weaker and have a considerably higher 
noise-to-signal ratio, which is evident from the 
actual measurements (Figure 2). Besides, EEG 
measurements are bound only to the very surface 
area of the scalp. They do not measure activations 
of the deeper layers of the brain. Hence, the 
actual level of spectral power involved is much 
higher. If we were to include real spectral power 
and redraw Figure 2 accordingly, the earlier 
presented power fluctuations would simply be 
negligible in a much large scale.  

In fact, the human brain uses about 20% 
of the energy required by the whole body. A 
considerable amount of this energy is consumed 
when the brain is at rest (baseline level). On the 
other hand, it has been estimated that the task-
related (physically or mentally active state) 
increase of energy consumption relative to the 
baseline level is less than 5% (Congedo et al., 
2010). From this increment of energy 
consumption come all physically or mentally 
active states, which are recognized via spatial, 
temporal and spectral differences of activation of 
the brain using EEG, fMRI, MEG and other brain-
imaging techniques (Fox and Raichle, 2007; 
Raichle and Mintun, 2006). It provides a clue as 
to why it is so difficult to distinguish different 
mental states from the measured signals.  
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Indeed, the highly complicated and 
fluctuating nature of the EEG signals makes it 
very difficult to identify distinctive features for 
the recognition of BMS (Figure 3). However, our 
EEG spectral analyses confirms OSIMAS-based 
theoretical assumptions. That is, we found that 
BMS can be recognized not only by the 
characteristic spatially distributed activations of 
spectral power, but also by the characteristic 
redistribution of brainwave energy over the above-
mentioned spectral regions (delta, theta, alpha, 
beta and gamma). This became obvious after a 
comparison of the spectral power distributions 
for different BMS. The process of the 
redistribution of spectral power takes place 
among spectral ranges delta, theta, alpha, beta 
and gamma; see http://osimas-eeg.vva.lt/ 
(Plikynas et al., 2014a; 2014b).  

The intrinsic spatial and spectral 
dynamics show that very complex processes are 
involved, which cannot be grasped by average 
estimates. However, for the baseline testing we 
made some average measurements of the 
spectral power distributions over the delta, theta, 
alpha, beta and gamma frequency ranges for ten 
participants. See Figure 3 for an illustration.  

 
Figure 1. Original EEG signal (see top diagram) and filtered 
brainwaves for spectral regions delta, theta, alpha and beta 
as a sample recorded in the T8 channel (Plikynas et al., 
2014b). 

 
Figure 2. Illustration of spectral power dynamics summed 
for all EEG channels in states 1 (meditation) and 4 (thinking) 
for Person 1 (Plikynas et al., 2014b). 

 

 
Figure 3. Spectral power distribution results over delta, 
theta, alpha, beta and gamma frequency ranges for states 1 
and 4 (averaged for all channels and all ten participants) 
(Plikynas et al., 2014b). 
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Despite high standard deviation for the 
0.05 significance level, the results clearly 
demonstrated distributions of spectral power 
that was characteristic to different states. Hence, 
regardless of their highly complex nature, mind 
states can be distinguished in terms of brainwave 
activation in different spectral ranges. However, 
we admit that thorough further investigations are 
needed to provide more solid statistical 
estimates.10 

Let us recall that the proposed individual 
EEG baseline tests were designed to test the basic 
conceptual OSIMAS assumption that different 
states of social agents can be represented in 
terms of coherent oscillations. In fact, EEG 
experimental results revealed how the 
theoretically deduced idea of agent as system of 
coherent oscillations can find solid empirical 
backup in terms of coherent delta, theta, alpha, 
beta and gamma brainwave oscillations, which 
uniquely describe agents’ mind states. 

PSD patterns can objectively identify BMS 
(Wackermann, 2004; Rakovic et al., 1999). They 
provide universality and objectivity for the 
construction of an OAM. Therefore, it is important 
to emphasize that in the OAM basic mind states 
play a key role, as they are objectively 
measurable and universal in nature (Krippner et 
al., 2012).   

 Hence, any human mind gets into one or 
another BMS depending on the inner (psychic) 
and outer (local and nonlocal environment) 
conditions, denoted in the OAM as Cin and 
Coutaccordingly 

 BMSn =f n(Cin, Cout ),  

 where 

 Cin={Pi}, Cout={Pj}, 

here n is the number of the basic mind state 
n=1,2,3 and 4 (sleeping, wakefulness, thinking 
and resting accordingly), {Pi} is set i of inner 
parameters, and {Pj} is set j of outer parameters. 
In the sense of parameters, BMS can be 
interpreted as the attractor basin11 (Figure 4). 

                                                 
10 Individual EEG spectral features of some BMS are highly reliable 
over months and even years. Consistent EEG norms have been found 
across cultures and ethnicities (Congedo et al., 2010). 
11 In dynamic systems, an attractor is a set of properties toward 
which a system tends to evolve, regardless of the starting conditions 
of the system (Osipov et al., 2007). Property values that get close 
enough to the attractor values remain close even if slightly 
disturbed. 

 As we already mentioned in the 
introduction, we elaborate further that the wave-
like nature of coherent human mind-field states 
(instantiated as BMS) can be approximated using 
the wave mechanics approach, i.e. wave function 
(also known as state function)12 and linear 
operators (Conte et al., 2009; Buzsaki 2011, 
Benenson et al., 2000). This assumption is based 
on recent evidence that demonstrates “warm 
quantum coherence” in plant photosynthesis, 
bird-brain navigation, our sense of smell, and the 
microtubules of brain neurons (O’Reilly and 
Olaya-Castro, 2014; Engel et al., 2007). The 
evidence corroborates well with the twenty-year-
old ‘Orch OR’ (orchestrated objective reduction) 
theory of consciousness proposed by Stuart 
Hameroff and Sir Roger Penrose (Hameroff and 
Penrose, 2013). According to this theory and 
recent experimental evidence, EEG rhythms 
(brain waves) derive from deeper level vibrations 
of microtubules (protein polymers inside brain 
neurons) in the megahertz frequency range13, 
which govern neuronal and synaptic function and 
connect brain processes to self-organizing 
processes on a fine scale (Georgiev and 
Glazebrook, 2006). Hence, according to Orch OR 
theory, consciousness depends on biologically 
‘orchestrated’ coherent quantum processes in 
collections of microtubules within brain neurons. 
These quantum processes correlate with, and 
regulate, neuronal synaptic and membrane 
activity. The continuous Schrödinger evolution of 
each such process terminates in accordance with 
the specific Diósi–Penrose (DP) scheme of 
‘objective reduction’ (OR) of the quantum state 
(Hameroff and Penrose, 2013). This orchestrated 
OR activity (Orch OR) is taken to result in 
moments of conscious awareness and choice. The 
DP form of OR is related to the fundamentals of 
quantum mechanics.   

                                                 
12 In quantum mechanics, the wave function describes the quantum 
state of a particle and how it behaves in terms of its wave-like 
nature. Although the human mind consists of billions of particles, we 
assume that in BMS some sort of coherence mechanism prevails that 
binds these particles and causes them to oscillate coherently (in 
unison) as one. Therefore, in simple terms wave function in 
principle can be used as an approximation for the representation of 
BMS.  
13 Despite a century of clinical use, the underlying origins of EEG 
rhythms remain a mystery. However, microtubule quantum 
vibrations (e.g. in the megahertz frequency range) appear to 
interfere and produce much slower EEG “beat frequencies.” Clinical 
trials of brief brain stimulation - aimed at microtubule resonances 
with megahertz mechanical vibrations using transcranial ultrasound 
- have shown reported improvements in mood (Hameroff and 
Penrose, 2013). 
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Figure 4. Basic mind states: stylized illustration of attractor 
landscape, attractor basin andwandering between basic 
states. 

 Consequently, in our conceptual model, 
following Orch OR theory, we assume that a 
Schrödinger type partial differential equation can 
be fitted for the description of the temporal 
evolution of mind-field states (BMS in our model 
case)  

  




 ˆ ,i H
t                                   (1) 

where I is the imaginary unit, l is constant,   is 

the wave function and Ĥ is the Hamiltonian 
operator, which is used to describe the total 
energy of the wave (state) function. Hence, we 
use the principle of the conservation of total 
energy E, which is equal to system’s kinetic 
energy Ek plus potential energy Ep 

  ( , ) ( , ) ,` `k p
H E m v E r t E                 (2) 

where `m and v̀ represent stylized mass and 
velocity in our model and r represents the virtual 
space coordinates. The interpretation of Ek and Ep 
in the framework of the proposed model is 
discussed later.   

 For the sake of clarity, the conceptual 
model rests upon the simplest expression for the 
wave function as the superposition of plane14 
monochromatic waves with the discrete wave 
vector k 

 


  



 ( )

1

( , ) ( ) n ni k r w t

n
n

r t A t e                  (3) 

where An denotes real amplitudes and w denotes 
the angular frequency of the plain wave. It is 
important to note that in the OAM the wave 
function can be derived via the superposition of 

                                                 
14 The extension to three dimensions is straightforward, all position 
operators are replaced by their three-dimensional expressions and 
the partial derivative with respect to space is replaced by the 
gradient operator. 

brainwaves. Hence, each BMS has a mind-field 
described by the composition of characteristic 
brainwaves (delta, theta, alpha, beta and gamma), 
which via superposition produce the brainwave 

function denoted as 
BW

. Hence, the filtered EEG 

spectrum produces our wave function. In this 
way, the experiments meet the theory. We use 
the state (wave) function to represent the 
probability amplitude of finding the system in 
some particular BMS.   

 In contrast, an operator is function acting 
on the BMS. Because of its action on a particular 
BMS, another BMS is obtained. Hence, we model 
the mind-field in the form of wave function   and 
use Ẑ as linear operator15 for some observable Z, 
which in our case represents one or another 
experimentally measured BMS 

  Ẑ z ,                  (4) 

where z is the eigenvalue of the operator Ẑ, i.e. 
observable Z has a measured value of z (such as 
energy, entropy, etc). If this relation holds, 
works as the eigenfunction of Ẑ. Conversely, if 
observable does not have a single definite value, 
measurements of the observable Z will yield a 
certain probability for each eigenvalue. It can also 
be written using eigenvector representation 

 
   

   

  

  

ˆ ˆ ˆ ˆ( ) ,

( ) ,

Z Z r Z r r Z

z z r z r r z
   (5) 

where is an eigenvector for our wave function 

. Due to linearity, the above expression provides 
vectors that can be defined in any number of 
dimensions, where each component of the vector 
acts on the function separately (Benenson et al., 
2000). We exploit this property, assuming two 
virtual dimensions in our model, i.e. inner 
(psychic) and outer (local and nonlocal 
environment). Consequently, for our two-
dimensional virtual space we get 

 


  
2

1 1 2 2
1

ˆ ˆ ˆ ˆ ,
j j

j

eZ e Z e Z e Z     (6) 

where e denotes a chosen unit vector, and e1 and 
e2are basis vectors. In our model case, an 

operator ˆ
j

Z is the function acting in the virtual 

space of mind-field states. Because of its action 

                                                 
15 The complex wave function contains information, but only its 
relative phase and magnitude can be measured. An operator Ẑ 
extracts this information by acting on the wave function ψ. 
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on one mind-field state, another mind-field state 

is obtained. Hence, operator ˆ
j

Z transforms mind 

states.  

 In our model, mind states are conditioned 
by the inner (psychic) and outer (local and 
nonlocal environment) factors. Therefore, mind 
states altering the inner (psychic) Cin and outer 
(local and nonlocal environment) Cout conditions 

are attributed to the 
1

Ẑ and 
2

Ẑ operators 

accordingly. Hence, we can rewrite Eq. 6 as 
follows:  

  ˆ ˆˆ ,
in in out out

Z e C e C      (7) 

where ein and eoutare basis vectors corresponding 

to each component operator ˆ
in

C and ˆ
out

C of inner 

and outer virtual spaces16. Now Eq. 4 can be 
rewritten: 

      ˆ ˆ ,
in in out out in in out out
e C e C e c e c or 

                       (8)

   ˆ ˆ ,
in in out out in in out out

r e C e C r e c e c  

where cin and cout correspond to the eigenvalues 
(measurable values) of the two-dimensional 
operator Ẑ. 

 The expectation (mean) value of a 
particular BMS depends on the operator Ẑ. 
Therefore, it is the average measurement of an 
observable for the particular BMS in the mind-

field region R. The expectation value Ẑ  of the 

operator Ẑ  is calculated using the equation 

     
3ˆ ˆ ˆ( ) ( ) .

R

Z r Z r d r Z    (9) 

 This can be generalized to any function F of 
an operator Ẑ: 

 

    
3ˆ ˆ ˆ( ) ( )[ ( ) ( )] ( ) .

R

F Z r F Z r d r F Z  

 Leaving mathematical notation aside, 
Figure 5 helps to visualize an agent’s Aj individual 
BMS in the common (collective) mind-field space. 
This illustration is based on Eq. 8 than local and 
nonlocal environment factors (in other words, 
neighboring and distant agents accordingly) do 

                                                 
16 In the OAM model, inner and outer conditions are located in the 
virtual space, where the inner dimension is orthogonal to the outer. 
Hence, both dimensions are located not in the physical space but in 
the mental, i.e. mind-field space. 

not influence a mind state of the chosen agent Aj, 

i.e. when observable ˆ 0
out

C , which provides the 

equation
 

  ˆ ,
in in in in
e C e c  

or                                (10) 

  ˆ ,
in in in in

r e C r e c
 

Hence, in this simplified case in our OAM we 
ignore the influence of neighboring and distant 
agents17, leaving only inner mind state factors 
characterized by the measurable cin, which we 
associate with the experimentally (EEG) 
measured individual brainwaves, i.e., their 
amplitude and frequency (A,) for the 
appropriate spectral ranges.    

 Hence, the visualization proposed in Figure 
5 not only shows the momentary individual 
mind-field activations of the EEG-recorded 
brainwave patterns (see plane Sj) but is also 
capable of depicting momentary collective mind-
field activations for a group of people.18 That is, 
the intrinsic dynamics of the mind-field states of 
agent Aj are depicted on the individual plane Sj 
only. Whereas, each agent’s individual plane Sj is 
angled by the j that separates these planes. In 
this way, individual planes rotate around the x 
axis (see Figure 5). For instance, for neighboring 
agents the alteration j is small and for distant 
agents it is large, depending on the chosen 
“distance” measures.19 

                                                 
17 We reduce the autopoietic properties (Maturana and Varela, 
1980) of the social agent, leaving only the inner network of mind-
state transformation processes, which through their interactions 
continuously regenerate and realize the network of processes 
(relations) that produced them. 
18 Theoretically, the proposed visualization can be used to depict the 
state of collective consciousness only if simultaneous EEG 
measurements for a large group of people is possible (Plikynas et al., 
2014a; Standish et al., 2004). Moreover, such an approach could be 
employed not only for a momentary visualization of mind-field 
states (Figure 13) but also for the dynamic view and even for real-
time monitoring. Besides, by analyzing inner spheres shell by shell 
and by angular regions one could observe and compare not only 
collective mind states but also the tendencies of coherent 
activations, transitions and synchronicities in the mind-field of the 
collective consciousness during, e.g. team work, linguistic 
communication, behavioral interactions, mass-media broadcasting, 
and many other cases. It would also help to identify features of 
social agitation and exhaustion, and coherent and non-coherent 
individuals (Stevens et al., 2012).   
19 In fact, “distance” can be used in the mental as well as spatial 
sense, e.g. family ties, psychographic features, demographic and firm 
demographic (also known as emporographics) variables, etc.   
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Figure 5. Illustration of the common mind-field space in the 
adapted spherical coordinates (r,,) and depiction of the 
individual mind-field plane Sjfor agent Aj, characterized by 
the EEG-recorded brainwave amplitude A (depicted as r in 
spherical coordinates) and frequency (depicted asin 
spherical coordinates) for delta, theta, alpha, beta and 
gamma spectral ranges. 

 

 In summary, we base our OAM on the EEG-
recorded brainwave dynamics, assuming that 
there is a direct correspondence between 
brainwaves and mind states20(Fingelkurts and 
Fingelkurts, 2001). In this regard, we base our 
assumptions not only on our earlier research 
results (Plikynas et al., 2014a; Plikynas et al., 
2014a) but also on the recent advances in brain-
imaging techniques, which help to discriminate 
mind states, e.g. by using EEG spatial and power 
spectral density (PSD) distributions (Cantero et 
al., 2004; Muller et al., 2008; Travis and Orme-
Johnson, 1989; Travis and Arenander, 2006).   

 Hence, the very foundations of OAM 
construction21 are in the experimental findings, 
which show that mind states are dynamic and 
wander between BMS (for the illustration, see the 
bottom left-hand corner of Figure 4). In reality, a 
state of mind is a very complex multi-dimensional 
matrix of many parameters (Buzsaki, 2011; 
Kurooka et al., 2000; Nunez and Srinivasan, 
2005). Therefore, for the sake of simplicity we 
propose to employ just few of the most 
fundamental factors in our model, i.e., energy and 
information. That is, kinetic/potential energy and 
entropy/negentropy (Plikynas, 2010). We will 
elaborate on these fundamental factors in more 
detail in the next section.  

                                                 
20 At this stage, however, we do not extrapolate on yet another layer 
of sophistication, which links mind states with observed behavioral 
patterns (Commons, 2001). We assume that for the BMS there is a 
direct correspondence between brainwaves, mind states and 
behavioral patterns. 
21 In the wider context of multi-agent system (MAS) development, 
the proposed OAM modeling is an intermediate step (see Eq. 1). An 
OAM-based MAS aims to simulate collective mind states (CMS) that 
emerge as a result of individual BMS. Naturally, we also take into 
account that via feedback, CMS influence individual states too.  

Constraints and Conditions of the Model 

For the sake of clarity, let us have a stylized 
example. We will formalize an agent’s Ai 
transition between the first and second basic 
mind states22, e.g. BMS1 BMS2. Hence, first 
we admit that any transition between 
corresponding BMS can take place only if 
certain marginal (state-related) conditions 
are reached. In our case, we denote M(1,2) as 
marginal conditions, which initialize the 
transition between states  

 
 
(1,2)

1 2
,M

n n
BMS BMS

 
             (11)  

where n=1, 2, 3, 4 indicates BMS, i.e. sleeping, 
wakefulness, thinking and resting, accordingly.  

 Next, constructing an OAM requires an 
answer to the following fundamental question – 
what is the essential nature of these BMS? As 
mentioned earlier, non-tangible mind states 
cannot be described in terms of particle physics, 
as they are not of a material but rather a wave-
like nature (McFadden, 2002; 2007; Hameroff 
and Penrose, 2013; Nunez and Srinivasan, 2005). 
Therefore, for the BMS definition we proposed 
the concept of mind-field, which takes an 
observable form of coherently radiated energy in 
delta, theta, alpha, beta and gamma spectral 
ranges (Buzsaki, 2011) (see Eq. 10). In other 
words, each BMS can be recognized by its 
characteristic PSD distribution.  

 Hence, this clue gives rise to the idea that 
eachBMS is a different mental (cognitive) process23 
P, which consequently generates an experimentally 
measurable characteristic PSD distribution 
pattern(Plikynas et al., 2014b; Muller et al., 
2008).Hence, Eq. 11 becomes 

  
1 2

(1,2)( ) ( ) .M

BMS BMS
P PSD P PSD

          
(12) 

 In essence, any process is related to the 
canonical transformation of inputs to outputs. In 
the case of cognitive processes, two fundamental 
transformations take place. One is related to the 
transformation TE from kinetic Ek to potential 
energy Ep and the other TN is related to the 

                                                 
22 In order to simplify the modeling, at this stage we will investigate 
just one case of transition from one state to another, without paying 
attention to other possible transitions or loops.  
23 In general, inner mental processes include perception, 
introspection, memory, creativity, imagination, ideas, beliefs, 
reasoning, volition and emotion. However, in our case we use the 
most basic states of the mind in the sense of human cognitive 
behavior.  
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conversion from entropy S to negentropy N 
(Plikynas, 2010) 

 

  
1 2

(1,2)

[ , ] [ , ]
( ) ( ) ,

E N E N

M

T T BMS T T BMS
P PSD P PSD

   

where transformations are conditioned by (see 
Eq. 2) 

 TE(Ek, Ep): Ek +Ep=U,                (13) 

 TN(S, N): Smax - S=N, 

where U is the total internal energy of the system, 
which for closed systems is constant, Smax denotes 
the maximum entropy and N denotes 
negentropy.24 Following the principles of 
thermodynamics25, there is a close connection 
between free energy A and negentropy N 
(Benenson et al., 2000) 

 
 

  
max

,

( ),

A U TS

A U T S N    (14) 

where T is the temperatureand U denotes 
internal energy (the total energy contained in a 
thermodynamic system), which is the sum of Ek 
and Ep 

 
   

max
( ).

k p
A E E T S N

               (15) 

The thermodynamic temperature 

 

 
  

  ,

,
V N

U
T

S                  (16) 

which provides for Eq. 14 

 

 
  

  ,

,
U

V N

U
A U S

S    

  
 

or in the expressed form  

  
    

  
max

,

( )
( )

k p

U k p

V N

E E
A E E S N

S  (17)

 

  

                                                 
24 According to Willard Gibbs, negentropy is the amount of entropy 
that may be increased without changing an internal energy or 
increasing its volume. In other words, it is the difference between 
the maximum possible entropy, under assumed conditions, and its 
actual entropy. Usually negentropy is denoted as negative; 
therefore, we use the modulus value.  
25 We have adapted one of the major laws of thermodynamics 
because of its universal applicability to interacting systems of 
particles, which resemble the brain’s neural networks on a large 
scale. 

This expression is fundamental to the OAM. It 
provides us with all the fundamental variables 
needed and establishes relations between them. 
Let us examine this in more detail. Hence, free 
energy A is the source of useful work, which 
expresses itself in the expendable energy forms 
Ek and Ep. However, the nature of the source of 
free energy is beyond the current scope of our 
research. Therefore, we will only mention that all 
processes in the brain are fed by the 
bloodstream, which supplies the brain’s neural 
networks with the necessary biochemical raw 
energy sources, i.e., flow of nutrients . The 
stream of nutrients provides the inflow of free 

energy

A  

 


 ( ),A f

 

 


  ( ).A f

               

(18) 

Hence, the inflow of free energy 

A balances the 

expendable outflow 
U
A producing   

 
    ,

U
A A A

 
                          (19) 

which, if 

 

U
A A  results in  0A , i.e. an 

accumulation of free energy A in the dynamic 

system, and if 

 

U
A A  results in  0A , i.e. a drain 

of free energy A in the dynamic system. 

 Now let us examine the expendable side 
U
A

in the free energy expression (see Eq. 17), which 
is used for Ek and Ep. Both energy forms compose 
internal energy U and can be described by the 
Hamiltonian operator H (see Eqs. 1 and 2). The 
kinetic energy Ek of the brain’s neural network 
(NN) system expresses the sum of the ordered 
motions of all the particles of the system; 
whereas the potential energy Ep expresses the 
electromagnetic field, which is measured by 
EEG.26 As noted earlier, the filtered EEG spectrum 
produces our wave function. Hence, we can say 
that Ep denotes mind-field energy and Ek 

corpuscular kinetic energy.    

It is important to observe in Eq. 17 that 
the right-hand part of the equation, i.e., 

  
 

  
max

,

( )
( )

k p

V N

E E
S N

S
 

                                                 
26 EEG registers the synchronized activity of membrane potentials or 
rhythmic patterns of action potentials for large numbers of neurons 
(neural ensembles) close to the surface of the scalp (Buzsaki, 2011).  
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is not expendable (cannot be exploited for useful 
work) in any way. It follows from the universal 
entropy maximization principle for closed 
systems, which is practically manifested in the 
above-mentioned principle of minimization of 
free energy A. In this way, during the process of 
transformation part of the free energy becomes 
heat that is of no use.  

 In Eq. 17 the partial derivatives  

 
   

k
E

S
and 

 
 
  

p
E

S
 

represent the relationship between changes in 
kinetic and potential energy with respect to the 
change in entropy (in thermodynamics these 
ratios have a meaning of temperature; see Eq. 
16). Multiplied by the entropy, they provide heat 
energy. In both cases, these relationships are 
nonlinear and interrelated. Concrete analytical 
forms, however, depend on the modeling setup.    

 The OAM aims to model the dynamics of 
transitions between BMS. Therefore, temporal 
dynamics of the oscillating agent model can be 
formally described by 

   
   

   ,

( ( ) ( ))
( ) ( ) ( ) ( )

( )

k p

k p

V N

E t E t
A t E t E t S t

S t

or 



   
   
   

max

max ,

( ) ( )

( ( ) ( ))
( ) ( ( ) ).

( ( ) )

k

k p

p

V N

A t E t

E t E t
E t S N t

S N t

  

(20) 

 However, this expression has to be further 
clarified in order to take closed-form analytical 
expression in the concrete applied case. 
Therefore, it requires additional explanations 
regarding how these fundamental variables can 
be interpreted for the BMSn and transitions 
between them. Hence, Table 1 provides a few 
stylized considerations in this regard. 

A concrete OAM simulation model can be 
constructed based on the interrelationships 

provided in Table 1. For the effective 
implementation the above-mentioned 
parameters have to be adjusted so that marginal 
conditions and universal laws of entropy and 
energy minimization apply. Let us discuss few 
implications of the proposed model below.  

 The OAM model is designed to simulate 
mind transitions between BMS, which act like 
attractors in the state space; see Figure 4 (bottom 
left). The crux of the proposed dynamic 
simulation approach rests in the observation that 
the mind never returns to exactly the same BMSn, 

that is, ( ) ( )
n i n j

BMS t BMS t . It means that each 

basic mind state has a set of characteristics (a 
unique composition of Ek, Ep , T and S), which 
make even the same BMSn different each time.    

 Let us recall that transitions between BMSn 
are initialized after reaching marginal conditions 
(Table 1). However, the act of transition from one 
state to another is realized via the previously-

mentioned set of operators

ˆ
i j

Z  (Figure 6).  

 
Figure 6. Illustration of transitions between BMSn, where 

corresponding transitional operators are denoted as 

ˆ .
i j

Z  
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Table 1. OAM setup for BMSn: interrelationships between fundamental variables and marginal conditions for transitions 
between basic mind states (see Eq. 20) 

BMSn A(t) 
 

Ek(t) and Ep(t) 
 

N(t) 
 

T* 
 

Marginal conditions and 
transitions**

BMS1 

(deep sleep) 
Positive growth: 

0,A
 

Strong increase: 

maxA Adt A    

Ep active: 

 

 
min

max

( )

( )

k k

p p

E t E

E t E





 

Positive growth: 

0N   

Strong increase: 

maxN N dt N  

max maxN S  

max
lim

1

N N
T

T




 
 

minT S  
 

Marginal conditions: 

max max

min( )

or N

T SA t

A

 
 

Transitions: 

max 1 2:A BMS BMS
 

max 1 3:N BMS BMS
 

max 1 4, :N A A BMS BMS 
 

BMS2 

(physically 
active 
wakefulness
) 

Negative growth: 

0A 
 Strong decrease: 

minA Adt A  

0A  

Ek  active: 

 

 
max

min

( )

( )

k k

p p

E t E

E t E





 

Negative growth: 

0N 
 

Strong decrease: 

minN N dt N  

min 0N   

min

lim
N N

T

T






 

maxT S  
 

Marginal conditions: 

min min

max( )

 or 

T SA t

A N

 
 

Transitions: 

min 2 1:A BMS BMS

min 2 4:N BMS BMS
 

min 2 3, :A N N BMS BMS 
 
 

BMS3 

(thinking) 
Negative growth:

0A 
 

Strong decrease: 

minA Adt A  
 

0A  

Ek  and Ep active: 

 

 
max

max

( )

( )

k k

p p

E t E

E t E





 
 

Negative growth: 

0N   

Strong decrease: 

minN N dt N  
 

min 0N   

min

lim
N N

T

T






 

maxT S  
 
 
 
 

Marginal conditions: 

min min

max( )

  

T SA t

A or N

 
 

Transitions: 

min 3 1:A BMS BMS

min 3 4:N BMS BMS
 

min 3 2, :N A A BMS BMS 
 
 

BMS4 

(resting) 
Positive growth: 

0,A
 

 
A Adt A    

( )

( )

k k

p p

E t E

E t E




 

Positive growth: 

0N   

N N dt N    

lim

1`

N N
T

T




 
 

` `T S T S  
 

Marginal conditions: 

` `
( )  or 

T S T S
A t A N

  
  

Transitions: 

4 2, :kA E BMS BMS

4 3, :pA E BMS BMS

4 1, :N A A BMS BMS   

 

* - T denotes
   
 
   max

( ( ) ( ))

( ( ))

k p
E t E t

S N t
 in Table 1; see 

Eq. 20. 

**- The probabilistic transitions between BMS are 
shown in decreasing order in the last column of 
the Table 1; in each transition the expected 

probabilities also depend on ( )
p

E t , ( )
k

E t and 

T S . 

   The observable operators Ẑ are “back 

engineered” from the measured values z, which 
are eigenvalues of the operator Ẑ (see Eq. 4). In 
practical terms,we employ such a scheme 

 
  ˆ( ) ,

n n i j
f PSD z Z

                
(21) 

where PSDn denotes the experimentally 
measured (EEG) power spectral density. After 
doing so, we obtain 

  
ˆ

n

i jZ
BMS

.               (22)
 

 It is quite natural that transitions of the 
mind-field in the state space begin from the 
chosen initial BMS and proceed to the other basic 
mind states, depending on the OAM setup (Table 
1). The probabilistic nature of the parameters (in 
Eq. 20) makes the state dynamics look like a 
complex branching tree; see Figure 7. 
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 Figure 7 gives an idea of how an agent’s 
mind travels from state to state. The transitions 
between states are initiated whenever marginal 
conditions are met. In such a model the cyclical 
nature of state dynamics occurs naturally. 
Therefore, it resembles agents’ real cycles, e.g. 
after sleeping people are in a waking or thinking 
state, after a period of time they have to rest or 
get some sleep, and afterwards they are ready to 
work again, etc.  

 
Figure7. Illustration of the state dynamics in the dimensions 
of free energy A, negentropy N andtime t. States change 
whenever marginal conditions, i.e. A(min, max) or N(min, 
max) are reached (see the shaded rectangular “tunnel”).   

 

  We should also note that time-by-time 
bifurcations occur. This happens when one state 
can lead to two other states (see Table 1) such as 
those depicted in Figure 7.  

 




min

1 1

2 32

( )

( )( )
A

P BMS

P BMSBMS t

                         
(23)

 

where P1 and P2 denote the respective 
probabilities of transition from the first to the 
second and third states. Indeed, after several 
transitions, bifurcations make the probabilities of 
finding a mind-field in a particular state too 
small. This can be explained in terms of the 
complexity of the state space (despite the fact 
that we used only a few BMS).   

 In the OAM transitions from one state to 
another depend only on the current state and not 
on the sequence of events that has preceded it. 
Therefore, the proposed scheme of state 
dynamics conforms to the Markov chain in 
mathematics. In fact, directional graphs with 
vertices (BMS as processes) and nodes 
(transition points between different BMS) can be 
employed to visualize state dynamics as well. 

 Mathematical notation aside, the 
motivation behind the involvement of intangible 
negentropy can also be explained. We refer to our 
previous research (Plikynas, 2010), where 
negentropy is indirectly exhibited in the mind-
field context as ordered oscillations (PSD 
distributions), which essentially differ from the 
even white noise spectra (Nunez and Srinivasan, 
2005). In a general sense, we can interpret 
negentropy as a source of self-organized coherent 
brainwaves, or mind-field in short (Osipov et al., 
2007).  

 Following the OSIMAS paradigm (Plikynas 
et al., 2014) and other related research, we do not 
refute the possibility of some sort of 
entanglement between individual mind-fields 
(Orme-Johnson and Oates, 2009; Pessa and 
Vitello, 2004; Newandee, 1996). This could lead 
to the explanation of some not only paired 
(Nummenmaa et al., 2012; Pizzi et al., 2004; 
Standish et al., 2004) but also collective coherent 
states (Stevens et al., 2012; Thaheld, 2005, Travis 
and Orme-Johnson, 1989). This assumption, 
however, requires further empirical research so 
that a conclusive and experimentally proven 
theory can evolve (Radin 2004).  

 We also argue that the universal law of 
increasing entropy (in closed systems) matches 
its opposite law of increasing negentropy for self-
organizing living (open) systems. It is truism that 
negentropy can be preserved in living systems 
because of the constant influx of free energy. 
Some metabolic biological processes perform 
useful work in order to use this free energy to 
maintain negentropy, i.e., to export entropy away 
(see “heating pump” (Plikynas, 2010)). This is 
especially relevant to the highly organized and 
coherent central nervous system, in which 
complicated brain processes are effectively 
orchestrated via the mind-field biofeedback loop 
(Orme-Johnson and Oates, 2009; McFadden, 
2002; 2007; Tarlacı, 2015).  

 Based on the above considerations, we 
imply that the unconscious “orchestration” 
process is also happening on a social scale 
(Plikynas, 2014; Haas and Langer 2014; Adamski, 
2013). After all, people devote their free energy 
to maintain one or another order on the social 
scale. Consequently, the process of negentropy is 
involved in the formation of the coherence of 
individual mind-fields on the social level (Paolo 
and Jaegher, 2012; Meijer and Korf, 2013). 
Coherence of the individual mind-field states in 
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social mediums is imperative to maintain social 
order. This leads to the distributed cognition 
approach, which can be exploited in nonlocal 
multi-agent systems (Goldman et al., 2013; 
Plikynas et al., 2014b). Simulations under correct 
assumptions can help us understand how 
distributed cognitive processes synchronize and 
actually work in coherence. Hence, in the 
prospective research we will target our efforts 
towards the development of oscillations based 
multi-agent systems (MAS), employing the 
proposed OAM.   

 
Discussion and Concluding Remarks 
The conceptual OAM approach we have 
presented in this paper invokes our earlier 
proposed OSIMAS (oscillations-based multi-agent 
system) and DCM (dynamic causal modeling) 
research frameworks. The latter has been 
recently developed by the neuroimaging 
community. The DCM framework enabled us to 
test different functional assumptions (i.e., 
quantum models) for a given EEG experimental 
data set.  

In the OAM (oscillating agent model) we 
assumed that the wave-like nature of coherent 
human mind-field states can be approximated by 
taking the quantum mechanics approach. That is, 
in the proposed model the wave-like nature of 
human mind-field states (instantiated as basic 
mind states - BMS) is approximated using a 
quantum wave function (also known as state 
function) and linear operators. 

We envisage the stylized wave function as a 
superposition of experimentally observable EEG 
brainwaves. Such an approach somewhat bridges 
the gap between EEG spectral representations 
and quantum theory. It does so by reducing 
complex mind-field states into the observable 
form of BMS, which are commonly characterized 
by the well-known EEG brainwaves (delta, theta, 
alpha, beta and gamma). Superposition of these 

brainwaves produces a stylized state (wave) 
function.  Hence, each BMS is a specific mental 
(cognitive) process, which as a state function 
generates experimentally measurable 
characteristic power spectral density (PSD) 
distribution patterns. 

In other words, we propose to use state 
(wave) function to represent the probability 
amplitude of finding the system in particular 
BMS. In addition, operators are acting on the BMS 
to produce the dynamics of these states. In the 
OAM for the sake of simplicity we propose to 
employ just a few constraining factors, i.e., energy 
(kinetic vs. potential energy) and information 
(entropy vs. negentropy). 

The proposed visualization technique 
shows not only momentary individual mind-field 
activations of the brainwave patterns but also 
momentary collective mind-field activations for a 
group of people. Hence, the instantiated 
theoretical framework is pertinent not only to the 
simulation of the experimentally observed 
individual cognitive and behavioral patterns, but 
also to the prospective development of OAM-
based multi-agent systems, in which the 
coherence of the individual mind-field states in 
social mediums is imperative to maintain social 
order. This approach leads to distributed 
cognition in nonlocal multi-agent systems. 
Simulations under the correct assumptions can 
help us understand how distributed cognitive 
processes synchronize and actually work in 
coherence. However, further empirical research 
is required so that OAM-based conclusive and 
experimentally proven social simulation theory is 
able to evolve. 

 
Acknowledgements 
This research project is funded by the European 
Social Fund under the Global Grant measure; 
project No. VP1-3.1-SMM-07-K-01-137. 

 



NeuroQuantology | March2015 | Volume 13 | Issue 1 | Page 20-34 
Plikynas D., Oscillating agent model and quantum approach 

eISSN 1303-5150 
 

        www.neuroquantology.com 

 

33

References 
Adamski AG. Quantum Nature of Consciousness and the 

Unconscious Collective of Carl G. Jung. NeuroQuantology 
2013; 11(3): 466-476. 

Benca RM, Obermeyer WH, Larson CL, Yun B, Dolski I, Kleist 
KD, Weber SM, Davidson RJ. EEG alpha power and alpha 
power asymmetry in sleep and wakefulness. 
Psychophysiology 1999; 36: 430–436. 

Benenson W, Harris J, Stocker H, Lutz H (Eds.) Handbook of 
physics. NY: Springer, 2000. 

Buzsaki G. Rhythms of the Brain. New York: Oxford 
University Press, 2011. 

Cantero JL, Atienzaa M, Madsenc JR, Stickgolda R. Gamma 
EEG dynamics in neocortex and hippocampus during 
human wakefulness and sleep. Neuroimage 2004; 22(3): 
1271–1280. 

Commons ML. A short history of the Society for the 
Quantitative Analysis of Behavior. Behavior Analyst 
Today 2001; 2 (3): 275–9. 

Congedo M, John RE, De Ridder D, Prichep L. Group 
independent component analysis of resting state EEG in 
large normative samples. Int J Psychophysiol 2010; 
78(2):89–99. 

Conte E, Khrennikov AY, Todarello O, Federici A. 
Mendolicchio L, Zbilut JP. Mental States Follow Quantum 
Mechanics During Perception and Cognition of 
Ambiguous Figures Open Systems & Information 
Dynamics 2009; 16(1): 1-17. 

David O. Dynamic Causal Models and Autopoietic Systems. 
Biol Res 2007; 40: 487-502. 

Engel GS, Calhoun TR, Read EL, Ahn TK, Mancal T, Cheng YC, 
Blankenship RE, Fleming GR. Evidence for wavelike 
energy transfer through quantum coherence in 
photosynthetic systems. Nature 2007; 446(7137): 782–
786. 

Fingelkurts AA, Fingelkurts AA. Operational Architectonics 
of the Human Brain Biopotential Field: Towards Solving 
the Mind-Brain Problem. Brain and Mind 2001; 2: 261-
296. 

Fox MD, Raichle ME. Spontaneous fluctuations in brain 
activity observed with functional magnetic resonance 
imaging. Nature Reviews Neuroscience 2007; 8: 700-
711. 

Georgiev DD, Glazebrook JF. DissipationlessWaves for 
Information Transfer in Neurobiology – Some 
Implications. Informatica 2006; 30: 221–232. 

Goldman CJ, Schwartz JL, Jutten C, Congedo M. Non-local 
mind from the perspective of social cognition. Front Hum 
Neurosci 2013; 7:107. doi: 10.3389/fnhum.2013.00107. 

Haas AS, Langer EJ. Mindful Attraction and Synchronization: 
Mindfulness and Regulation of Interpersonal 
Synchronicity. NeuroQuantology 2014; 12(1):21-34. 

Hameroff S, Penrose R. Consciousness in the universe: A 
review of the ‘Orch OR’ theory. Physics of Life Reviews 
2013; http://dx.doi.org/10.1016/j.plrev.2013.08.002 

Haven E, Khrennikov A. Quantum Social Science. Cambridge 
university press, UK, 2013. 

Krippner S, Richards R, Abraham FD. Creativity and chaos in 
waking and dreaming states. NeuroQuantology 2012; 
10(2): 164-176. 

Kurooka T, Yamashita Y, Nishitani H. Mind state estimation 
for operator support. Computers & Chemical Engineering 
2000; 24(2–7): 551–556. 

Lutz A, Lawrence L, Greischar N, Rawlings B, Matthieu R, 
Davidson RJ. Long-term meditators self-induce high-
amplitude gamma synchrony during mental practice. 
Neuroscience 2004; PNAS, 101(46): 16369-16373. 

Maturana HR, Varela FJ. Autopoiesis and Cognition--The 
Realization of the Living (Boston Studies in the 
Philosophy of Science, Vol. 42), Dordrecht: Reidel Pub. 
Co., 1980. 

McFadden J. The Conscious Electromagnetic Information 
(CEMI) Field Theory. Journal of Consciousness Studies 
2002; 9(8): 45-60. 

McFadden J. Conscious Electromagnetic (CEMI) Field 
Theory. NeuroQuantology 2007; 5(3): 262-270. DOI: 
10.14704/nq.2007.5.3.135 

Meijer DKF, Korf J. Quantum modeling of the mental state: 
the concept of a cyclic mental workspace. Syntropy 2013; 
(1): 1-41. 

Metting van Rijn AC, Peper A, Grimbergen CA. High-quality 
recording of bioelectric events. Part 1. Interference 
reduction, theory and practice. Med Biol Eng Compu 
1990; 28(5): 389-97. 

Muller KR, Tangermann M, Dornhege G, Krauledat M, Curio 
G, Blankertz B. Machine learning for real-time single-trial 
EEG-analysis: From brain–computer interfacing to 
mental state monitoring. Journal of Neuroscience 
Methods 2008; 167(1): 82-90. 

Newandee DA, Stanley MS, Reisman S. Measurement of the 
Electroencephalogram (EEG) Coherence in Group 
Meditation. Bioengineering Conference Proceedings of 
the IEEE Twenty-Second Annual Northeast 1996; 95-96. 

Nummenmaa L, Glerean E, Viinikainen M, Joskelinen IP, Hari 
R, Sams M. Emotions promote social interaction by 
synchronizing brain activity across individuals. PNAS 
2012; 109(24): 9599-9604. 

Nunez PL, Srinivasan R. Electric Fields of the Brain: The 
Neurophysics of EEG (2nd ed.). Oxford University Press, 
New York, 2005. 

O’Reilly EJ, Olaya-Castro A. Non-classicality of the molecular 
vibrations assisting exciton energy transfer at room 
temperature. Nature Communications 2014; DOI: 
10.1038/ncomms4012.  

Orme-Johnson DW, Oates RM. A Field-Theoretic View of 
Consciousness: Reply to Critics. Journal of Scientific 
Exploration 2009; 23(2): 1–28. 

Osipov GV, Kurths J, Zhou C. Synchronization in Oscillatory 
Networks. Springer, Berlin, 2007. 

Paolo ED, Jaegher HD. The interactive brain hypothesis. 
Frontiers in human neuroscience 2012; 6:1-16. 

Pessa E, Vitello G. Quantum noise induced entanglement and 
chaos in the dissipative quantum model of brain. Int J 
Mod Phys B 2004; 18(6): 841-858. 

Pizzi R, Fantasia A, Gelain F. Rossetti D, Vescovi A. Non-local 
correlation between human neural networks on printed 
circuit board. Toward a Science of Consciousness 
conference, Tucson, Arizona, 2004. 

Plikynas D. A virtual field-based conceptual framework for 
the simulation of complex social systems. Journal of 
Systems Science and Complexity 2010; 23(2): 232-248. 

Plikynas D, Masteika S, Basinskas G, Kezys D, Kumar P, 
Laukaitis A. Social Systems in Terms of Coherent 
Individual Neurodynamics: Conceptual Premises and 
Experimental Scope. International Journal of General 
Systems 2014a; 43(5): 434-469. 
DOI:10.1080/03081079.2014.888552 

Plikynas D, Bašinskas G, Laukaitis A. Social systems as 
coherent neurodynamic oscillations: conceptual and 
experimental framework. Connection Science 2014b; 
DOI:10.1080/09540091.2014.956293. 

Kezys D, Plikynas D. Prognostication of Human Brain EEG 
Signal Dynamics Using a Refined Coupled Oscillator 



NeuroQuantology | March2015 | Volume 13 | Issue 1 | Page 20-34 
Plikynas D., Oscillating agent model and quantum approach 

eISSN 1303-5150 
 

        www.neuroquantology.com 

 

34

Energy Exchange Model. NeuroQuantology 2014; 4: 337-
349. DOI: 10.14704/nq.2014.12.4.779 

Pribram KH. Brain and Perception: Holonomy and Structure 
in Figural Processing. Hillsdale: Lawrence Erlbaum 
Associates, 1991. 

Pribram KH. Quantum holography: Is it relevant to brain 
function? Information Sciences 1999; 115(1–4): 97–102. 

Radin DI. Event-related electroencephalographic 
correlations between isolated human subjects. The 
Journal of Alternative and Complementary Medicine 
2004; 10(2): 315-323. 

Raichle ME, Mintun MA. Brain work and brain imaging. Annu 
Rev Neurosci 2006; 29: 449–476. 

Rakovic D, Tomasevic M, Jovanov E, Radivojevic V, Sukovic P, 
Martinovic Z, Car M, Radenovic D, Jovanovic-Ignjatic Z, 
Skaric L. Electroencephaloraphic (EEG) correlates of 
some activities which may alter consciousness: the 
transcendental meditation technique, musicogenic 
states, microwave resonance relaxation, healer/healee 
interaction, and alertness/drowsiness. Informatica 1999; 
23(3): 359-412. 

Standish LJ, Kozak L, Johnson LC, Richards T. 
Electroencephalographic evidence of correlated event-
related signals between the brains of spatially and 
sensory isolated human subjects. The Journal of 
Alternative and Complementary Medicine 2004; 10(2): 
307-314. 

Stevens R, Galloway T, Wang P, Berka C, Tan V, Wohlgemuth 
T, Lamb J, Buckles R. Modeling the neurodynamic 
complexity of submarine navigation teams. 
Computational and mathematical organization theory 
2012; DOI 10.1007/s10588-012-9135-9. 

Šušmáková K, Krakovská A. Discrimination ability of 
individual measures used in sleep stages classification. 
Artif Intell Med 2008; 44(3):261–77. 

Tarlacı S, Pregnolato M. Quantum neurophysics: From non-
living matter to quantum neurobiology and 
psychopathology. Int J Psychophysiol. 2015 Feb 7. pii: 
S0167-8760(15)00046-X. doi: 
10.1016/j.ijpsycho.2015.02.016.  

Thaheld FH. An interdisciplinary approach to certain 
fundamental issues in the fields of physics and biology: 
towards a unified theory. BioSystems 2005; 80: 41–56. 

Travis F, Arenander A. Cross-sectional and longitudinal 
study of effects of transcendental meditation practice on 
interhemispheric frontal asymmetry and frontal 
coherence. Intern J Neuroscience 2006; 116: 1519-1538. 

Travis FT, Orme-Johnson DW. Field model of consciousness: 
EEG coherence changes as indicators of field effects. 
International Journal of Neuroscience 1989; 49: 203-
211. 

Vitello G. My Double Unveiled: The Dissipative Quantum 
Model of Brain (Advances in Consciousness Research). 
Amsterdam: John Benjamins Pub Co., 2001. 

Wackermann J. Dyadic correlations between brain functional 
states: present facts and future perspectives. Mind and 
Matter 2004; 2: 105-122. 

 


