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A special issue on oscillatory dynamics: In memorium of Erol Başar 

In the first half of the 20th century, studies by Berger and Adrian 
demonstrated that oscillatory activity of the brain is not noise but is a 
genuine biological signal that represents cognitive processing. The 
zeitgeist of the period was not, however, favorable for such an idea: 
pioneering studies on oscillations were initially not influential in 
arousing the interest of the scientific community. The last two decades of 
the century, on the other hand, witnessed an upsurge of studies on 
oscillatory dynamics. Among the primary researchers in this upsurge 
were Erol Başar and an influential group of scientists consisting of 
Theodore Holmes Bullock, Robert Galambos, Walter J. Freeman and 
Hermann Haken. The flourishing 1980 to 1990 decade was announced 
by Mountcastle (1992, p. xviii) as follows: “Rather suddenly, a paradigm 
shift is upon us, for the proposition that slow wave events are active 
ingredients for signal transmission stands as a testable hypothesis.” 
Brain oscillations became a conceptual and analytical tool for under-
standing not only brain processes, but also the cognitive and affective 
processes that brain oscillations represent. 

Erol Başar ventured the study of brain oscillations by evoked oscil-
lations (EOs) in nonhuman species, but in time, his interests turned to 
humans and event-related oscillations (EROs). The studies that he con-
ducted with his colleagues, these being his postgraduate students and 
scientists from many parts of the world, explained the oscillatory dy-
namics of the brain at both the theoretical and philosophical levels, as 
well as through empirical findings. Firmly grounded on an expansive 
empirical and theoretical base, Başar’s interest then focused on the 
oscillatory dynamics of neuropsychiatric disorders. With his colleagues, 
he discovered that variations in oscillatory parameters served as bio-
markers of specific disorders. Reviews were published on how the delta, 
theta, alpha and gamma oscillations behaved within and between 
diagnostic categories and how these oscillations varied through the 
progression of the disorder. 

Başar had originally started his journey to the oscillatory dynamics 
on bodily processes, on the autoregulating kidney and circulatory 
autoregulation at large. In his very young years, he ventured to under-
stand the validity of oscillations in the brain and the relevance of os-
cillations to the cognitive and affective processes that constitute the 
mind. Later on, he explained the mind-brain concept by his “Whole 
Brain Work” theory, and, ultimately, he embarked on the brain-body- 
mind syncytium. The brain-body-mind syncytium is a functional sys-
tem comprising the central nervous system (the brain and the spinal 
cord), the myogenic system, the neurotransmitter systems, and brain- 
body-oscillations, which range from the ultraslow rhythms of bodily 
processes to the very high frequencies found in the electroencephalo-
gram. It remains to be seen whether or not these relatively few frequency 
ranges have a genetic basis and whether or not they can account for the 

syncytium between the brain, body and mind. Başar warned the scien-
tific community that the deterministic Newtonian system will not be 
capable for explaining such a system. The uncertainty and chaos in what 
he called the “Nebulous Cartesian System” will require new methods of 
analysis, new technologies and, above all, a new philosophy of science. 

In his last years, Erol Başar was developing the CLAIR (cortical 
coherence, links, association, integration, responsive areas) technology, 
which he described as oscillatory dynamics via temporospatial coher-
ence maps that are produced in the mesh of connectivities within the 
selectively distributed system in the brain. CLAIR is unique since, unlike 
other current mapping technologies, it is based on a functional neuro-
anatomy that involves the brain’s electrical activity. CLAIR was his last 
heritage. He outlined for us the critical components of future research on 
CLAIR including that CLAIR should be applied using multi-recording 
technology, that phase-locking should be a parameter in the construc-
tion of temporospatial coherence maps, and that the maps should ulti-
mately be dynamically changing maps of cognitive-affective processing. 
He foresaw the replacement of the currently used Brodmann areas with 
the CLAIR coherence configurations. 

Prof. Başar devoted his life to a science that started, according to 
many, as an adventure, but this adventure ended up in the multidisci-
plinary concept of brain-body-mind syncytium. This research-based 
revolutionary idea has many repercussions, the primary one being the 
necessity of formulating an alternative to the positivistic philosophy. 
Prof. Başar and colleagues’ findings, approaches, and theoretical for-
mulations inspired many, both by way of research area and by way of 
perspective; he stimulated many creative studies. 

During the 19th Congress of the International Organization of Psy-
chology (IOP), which was held in Lucca, Italy; the scientific and human 
figure of Erol Başar was remembered by Pedro Valdes Sosa and Sirel 
Karakaş. The idea of preparing a special issue in memory of Erol Başar 
arose in this commemoration. The contributors of the present special 
issue are a sample of his closest collaborators and friends. In line with 
the character of Erol Başar’s work, the review articles and research 
papers are focused on oscillatory brain dynamics from a multidisci-
plinary and a multitechnological perspective. 

The first article reviews Erol Başar’s work on brain oscillations 
during his life. As argued in the contribution by Gulín-González et al. 
(2020), Erol Başar was one of the architects of the “Scientific Revolu-
tion” in brain dynamics. The authors detail a Scientometrics study of the 
body of scientific contributions of Başar, documenting his network of 
collaborators and his impact on other researchers worldwide as docu-
mented by the web of citations to his work. This contribution also 
documents the formative influences that led him to his innovative use of 
mathematics and physics in neuroscience. Also, a number of leitmotifs in 
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dynamical brain theory are suggested and discussed that encapsulate the 
theoretical breakthroughs of Başar. Of particular importance, the au-
thors note that Prof. Başar had close interactions with some of the most 
prominent neuroscientists of the past decades. 

Another review article by Karakaş (2020) focuses on theta oscilla-
tions and the corresponding functional correlates. The first part of the 
review includes empirical findings on the multiplicity of cognitive- 
affective correlates of human and nonhuman hippocampal theta. 
These range from sensory, perceptual, motor, and attentional processing 
to navigation and memory. The second part of the review includes 
empirical findings and theta-relevant theories. It demonstrates how 
binding, supramodal associative processing, and associations between 
theta and other oscillatory components give way to the selectively 
distributed theta system of the brain. The hippocampus plays a central 
role; however, the ultimate outcome is a function of the connectivity 
between relevant brain areas and the ensuing selectively hyper-
synchronous brain through which theta transfer occurs. The third part 
demonstrates the cortico-hippocampal interplay on a selected process 
(memory) and its phases (acquisition, consolidation, retrieval). Two il-
lustrations summarize this review. One of these illustrations shows the 
cortico-hippocampal theta system and related cognitive-affective cor-
relates. The second illustration shows the cortico-hippocampal theta 
interplay in the three phases of memory. These illustrations enhance the 
readability of this highly extensive review and provide a general and a 
specific theta-based model of cortico-hippocampal interplay for all 
relevant cognitive-affective processes and for memory, respectively. 

Four articles addressed brain oscillations in healthy aging. De Blasio 
and Barry (2020) assessed the influence of prestimulus alpha and beta 
brain states on the ensuing event-related potential (ERP) and behavioral 
outcomes within an equiprobable auditory Go/NoGo task in healthy 
young and older adults. Despite the age-related change in prestimulus 
EEG band activity and each of the processing outcomes, the relation-
ships between these measures were found to be generally comparable 
between the groups, particularly in the prestimulus alpha analysis. 
These findings suggest that the dynamic contributions of prestimulus 
oscillatory states remains somewhat consistent in healthy aging and 
provides a normative map for future investigations in pathological aging 
samples. 

The paper by Babiloni et al. (2020) addresses the neurophysiological 
mechanism generating resting state EEG (rsEEG) rhythms at delta (<4 
Hz) frequencies in quiet wakefulness. In this paper, the main hypotheses 
predicted that transient increases in rsEEG delta rhythms during quiet 
wakefulness may be related to an incremental increase in general 
cortical arousal, as measured by low frequency rsEEG alpha (alpha1) 
rhythms. The authors also hypothesized that this effect may be observed 
in cognitively unimpaired elderly subjects, but not in patients with 
Alzheimer’s disease. Results showed that this relationship was observed 
in both groups, but much stronger in cognitively unimpaired elderly 
subjects compared to patients with Alzheimer’s disease. These results 
suggest an extension to the rsEEG rhythms of the excitatory nature of 
impulsive delta oscillations measured by Dr. Erol Başar’s group in event- 
related EEG potentials. 

The theta rhythm of the brain is a multi-functional oscillatory 
component that operates within a selectively distributed theta network 
that is centralized to a cortico-hippocampal interplay system. The article 
by Yordanova et al. (2020) addresses the association between theta 
oscillations and motor functions. The article confirmed the literature on 
contralateral brain activity at motor, premotor and sensorimotor areas 
on the basis of theta phase-locking and total power. Aging decreased the 
laterality only for left-handed participants. The study demonstrated an 
age-related suppression of theta power at the medial frontocentral cor-
tex (SMA), which is responsible for all phases of movement production 
(preparation, initiation and execution). Since theta suppression is an 
overall indicator of motor functioning, theta suppression has the po-
tential to serve as a biomarker of motoric aging. The extent of this 
suppression would serve as a warning for corrective programs to 

counteract the motoric deterioration of the later years and thus enhance 
the quality of life of the elderly. 

Barry et al. (2020) investigated the phenomenon of preferred phase 
angle in the older adult population. Oscillatory EEG activity was 
recorded during an equiprobable Go-NoGo task where auditory stimuli 
were presented at fixed stimulus intervals. When decomposing the ERP 
waveforms to delta, theta, alpha and beta oscillatory components, 
single-trial FFT/selective iFFT filtering was used to avoid smearing or 
the leakage of the poststimulus data into the prestimulus epoch. The 
elderly group, as in the younger one, demonstrated preferred phases in 
ongoing EEG oscillatory activity, producing cortical negativity with a 
higher frequency than expected. However, the older participants had 
characteristic patterns of phase occurrences with respect to the 
orthogonal dimensions, frequency bands, pre- and poststimulus RMS 
data, and contingent negative variations. The preferred brain states had 
functional significance; they were associated with ERP differences, and 
variations in subsequent post-stimulus ERP components (N1, P2. P3a, 
P3b). Findings on the preferred phase angle confirm and extend Başar’s 
phase phenomenon across normal aging. 

Subsequent papers focused on the role of oscillatory activity in 
relation to specific cognitive processes in individuals with neurologic 
and psychiatric disorders. For example, dysphonetic dyslexia is char-
acterized by inefficient timing and inefficient integration of information. 
According to Boder’s model, dyslexia is a “failure” in interhemispheric 
connection and an altered interplay between the auditory and visual 
areas. Bosch-Bayard et al. (2020) tested this model by comparing the 
connectivity patterns in dysphonetic dyslexia (specific reading 
disability) and non-specific reading disability groups using EEG primary 
current at the sources, estimated by means of inverse solvers (sLORETA). 
As a first step, they faced the leakage problem by applying an algorithm 
they developed for unmixing the signals at the sources, which can be 
applied to any linear inverse method and relies upon the analysis of the 
resolution matrix of the adopted inverse method. Effective connectivity 
was then quantified using Isolated Effective Coherence (iCoh) between 
brain regions of interest. Effective connectivity of the dysphonetic 
dyslexia group indicated right hemisphere reading strategies and reli-
ance on visual abilities and gestalts. Results of the non-specific reading 
disability group indicated left hemisphere reading strategies and reli-
ance on syllabicating. In Boder’s model, dysphonetic dyslexia corre-
sponds to perceptual-type dyslexia; non-specific reading disability 
corresponds to linguistic-type dyslexia. The effectivity patterns of the 
Bosch-Bayard and colleagues’ study may serve as biomarkers for the 
different reading disabilities. In clinical practice, the patterns may be 
used as auxiliary criteria in the differential diagnosis of dysphonetic 
dyslexia and non-specific reading disability. 

Rürup et al. (2020) investigated EEG theta and gamma oscillations in 
people diagnosed with schizophrenia as compared to a healthy sample. 
The participants performed a cognitive task in which they detected re-
versals of ambiguous figures, i.e. figures that can be perceived in at least 
two alternative ways. Behaviorally, individuals with schizophrenia 
showed longer reaction times and higher error rates when reporting 
figure reversals than the psychiatrically-healthy control participants. 
Physiologically, event-related theta oscillations were reduced and pre- 
stimulus (reversal) gamma oscillations were enhanced in the in-
dividuals with schizophrenia as compared to the healthy control 
participants. 

Tülay et al. (2020) analyzed event-related brain oscillations from 33 
individuals with Alzheimer’s disease, 46 individuals with mild cognitive 
impairment and 48 healthy elderly control participants in a visual 
oddball experiment. Event-related brain oscillations in the delta and 
theta frequency range were reduced in the people with mild cognitive 
impairment; the reduction was even stronger for the individuals with 
Alzheimer’s disease. Notably, the effects were specific to the delta and 
theta frequency range as no such changes between participant groups 
were found for the alpha, beta, and gamma frequency bands. 

Güntekin et al. (2020) tested event-related brain oscillations in 
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people with Parkinson’s disease in response to auditory as well as visual 
stimuli while they performed an oddball experiment. People with Par-
kinson’s disease were separately analyzed according to whether they 
were cognitively normal, or additionally suffered from mild cognitive 
impairment, or dementia. The results revealed that the power and 
phase-locking of event-related brain oscillations in the theta frequency 
band decreased gradually as symptom severity increased in the patient 
groups. 

Finally, the cognitive correlates of spontaneous, evoked, response- 
related and integrative gamma oscillations have been well- 
documented. A growing number of studies are using rhythmic sensory 
stimulation to modulate brain oscillations and to alter corresponding 
cognitive functions. The article by Strüber and Hermann (2020) reviews 
the literature on the latest generation of studies that attempted to 
modulate (enhance, amplify or synchronize/desynchronize) brain os-
cillations and the respective cognitive functions using transcranial 
alternating current stimulation. The article reviews the findings on the 
rhythmic brain stimulation on specifically the gamma band on a wide 
range of cognitive processes from perception to intelligence and crea-
tivity. This review shows that the transcranial alternative current 
stimulation-modulated brain oscillations technique may serve as ther-
apeutic tool in neuropsychiatric practice. Due to its noninvasive nature, 
the technique may be a cost-effective alternative strategy to 
pharmacotherapy. 

We have assembled this compilation of articles on EEG oscillations in 
order to inspire our authors to carry on the work that Erol Başar began. 
We hope our readers will enjoy the articles, feel the spirit of the time 
when EEG oscillations were still new to EEG researchers, and might 
think of their own future research questions along these lines. 
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