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QUANTITATIVE ELECTROENCEPHALOGRAPH (QEEG)

Primary Disciplinary Field(s): Neurophysiology, Clinical Neuroscience, Cognitive Psychology,

Psychiatry

1. Core Definition

The Quantitative Electroencephalograph (QEEG) refers to the sophisticated mathematical and

statistical analysis of digitally recorded electroencephalogram (EEG) data. Unlike traditional EEG,

which relies primarily on the visual inspection of analog waveforms by a trained neurologist, QEEG

transforms the raw electrical activity of the brain into quantifiable numerical results. This

transformation allows researchers and clinicians to objectively assess brain function, identifying

deviations from established patterns or normative standards.

QEEG serves as a powerful post-processing technique, digitizing the complex, dynamic electrical

output collected via electrodes placed on the scalp. The resulting data is subjected to various

computational algorithms, most notably the Fast Fourier Transform (FFT), which decomposes the

waveform into its constituent frequency components (Delta, Theta, Alpha, Beta, Gamma). This

decomposition yields metrics such as power, coherence, and phase, providing a high-resolution

statistical snapshot of cortical function that cannot be achieved through simple visual inspection.

Ultimately, the output of a QEEG analysis is often presented visually as topographic maps,

frequently referred to as "brain maps." These color-coded images illustrate the distribution and

intensity of various electrical features across the scalp, allowing for the identification of areas of

hyper- or hypo-activity, or abnormal connectivity patterns. When QEEG data is compared

statistically against a database of healthy, age-matched individuals, the results are often expressed

as Z-scores, indicating the degree to which a patient's brain activity deviates from the norm, thus

aiding in the objective identification of neurophysiological biomarkers associated with various

cognitive and psychiatric conditions.

2. Historical Development and Technological Evolution

The foundation of QEEG rests upon the initial discovery of the human EEG by Hans Berger in the

1920s. For decades, EEG analysis remained a highly subjective art, dependent entirely on the

clinician's skill in interpreting paper tracings. The major limitation of this analog approach was the

inability to rigorously quantify the subtle, yet significant, changes in brain rhythm that might

differentiate clinical populations.

The critical leap toward quantitative analysis occurred with the advent of affordable digital

computing in the 1970s. This technological progress enabled the application of advanced signal

processing techniques, such as the FFT, to EEG data. Early pioneers recognized that by
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transforming time-domain data into the frequency domain, they could extract objective numerical

parameters (like power and frequency) that were highly resistant to subjective interpretation. This

early work laid the groundwork for the establishment of computerized electrophysiological

mapping.

By the 1980s and 1990s, the development of standardized acquisition protocols and, crucially, the

creation of large, standardized normative databases propelled QEEG into clinical relevance.

Researchers like Robert Thatcher were instrumental in developing standardized methods for

comparing individual brain electrical activity against these robust databases. This formalized the

methodology, shifting it from a purely research tool to a viable clinical adjunct used in the

assessment of learning disorders, mood disorders, and traumatic brain injury, though its clinical

acceptance remains variable across different regulatory bodies.

3. Methodology and Data Processing

The QEEG methodology begins with the rigorous collection of electrophysiological data, typically

involving 19 to 32 electrode sites placed according to the International 10-20 system. Data

acquisition demands high sampling rates (often 500 Hz or higher) and strict artifact management.

Because QEEG is highly sensitive to non-cerebral electrical noise, meticulous artifact rejection--

removing or mathematically correcting signals originating from eye movements (EOG), muscle

activity (EMG), or cardiac signals (ECG)--is the most crucial and time-consuming step in ensuring

data integrity.

Once clean data is obtained, the core processing involves spectral analysis. Using the FFT

algorithm, the complex EEG waveform is mathematically decomposed into its underlying sine wave

components. These components are then grouped into the canonical frequency bands: Delta

(0.5-4 Hz), Theta (4-8 Hz), Alpha (8-13 Hz), Beta (13-30 Hz), and Gamma (30+ Hz). This analysis

quantifies the energy, or power, within each band at every electrode site.

Beyond simple power metrics, QEEG employs advanced statistics to assess functional

connectivity. Metrics such as coherence measure the degree of synchronization between activity

at two different electrode sites, indicating how effectively two brain regions are communicating.

Phase lag measures the temporal delay between signals, potentially indicating directional flow of

information. Furthermore, advanced analysis techniques like Low-Resolution Electromagnetic

Tomography (LORETA) utilize inverse solution algorithms to estimate the likely three-dimensional

intracortical sources of the measured electrical activity, providing better spatial localization than

standard surface EEG alone.

4. Key Metrics and Components

The analysis of QEEG produces several critical metrics that are essential for interpreting brain
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function. These metrics quantify various aspects of the brain's electrical activity and connectivity,

offering insights into neurophysiological dysfunction:

Absolute Power: Represents the total energy or amplitude (microvolts squared) within a specific

frequency band (e.g., Theta power) at a single electrode site. High absolute power in slow waves

(Delta or Theta) often indicates hypo-arousal or cortical slowing.

Relative Power: Expresses the power of a specific band as a percentage of the total power across

all measured frequencies. This metric is less affected by overall voltage fluctuations and often

highlights internal regulatory issues, such as an excessive proportion of slow-wave activity relative

to fast-wave activity.

Coherence: A statistical measure (ranging from 0 to 1) indicating the temporal correlation and

functional connectivity between two distant electrode sites. Abnormal coherence (too high or too

low) is often implicated in psychiatric disorders, suggesting atypical network communication.

Asymmetry: Quantifies the magnitude difference in power or coherence between homologous

regions in the left and right hemispheres. Specific patterns of asymmetry, particularly in the Alpha

band, have been associated with mood disorders like depression.

Peak Frequency: The specific frequency within a band (most often Alpha) that exhibits the highest

power. A slow or fast peak frequency can serve as a neurophysiological biomarker for cognitive

decline or specific clinical states.

5. Clinical Applications

QEEG is widely used as a quantitative tool in clinical neuroscience, primarily serving as an

objective adjunct to traditional diagnostic procedures and treatment planning. One of its most

validated applications is in the assessment of Attention Deficit Hyperactivity Disorder (ADHD).

Numerous studies have identified a classic pattern in children with ADHD--an elevated Theta/Beta

ratio, particularly over central and frontal regions--which provides an objective marker supporting a

clinical diagnosis.

Furthermore, QEEG has proven useful in evaluating the functional impact of Traumatic Brain

Injury (TBI) and Post-Concussion Syndrome. TBI can leave residual neurophysiological scars,

often manifesting as localized areas of abnormal slow-wave activity or disrupted coherence

patterns. QEEG offers a non-invasive, objective method to track recovery and identify persistent

functional deficits that may not be apparent on structural imaging (MRI or CT scans).

Perhaps the most widespread use of QEEG is in planning and guiding neurofeedback training.

By identifying specific neurophysiological abnormalities (e.g., excessive frontal Theta power or

reduced Alpha power), QEEG provides the target metrics for biofeedback protocols. This data-

driven approach allows the clinician to tailor the training parameters precisely, improving the

efficacy of self-regulation techniques used for conditions ranging from anxiety and insomnia to pain
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management and cognitive enhancement.

6. Debates and Criticisms

Despite its growing adoption, QEEG remains a subject of considerable debate within mainstream

medical and neurological communities. A primary criticism revolves around the severe

susceptibility of the method to artifacts. Even minuscule movements, such as subtle muscle

tension in the jaw or neck, can introduce high-frequency noise that, if not perfectly filtered, can

severely distort the spectral analysis, leading to erroneous clinical conclusions. The quality of the

final analysis is highly dependent on the skill of the technician in acquiring the data and the

sophistication of the software used for artifact rejection.

Another major challenge lies in standardization and regulatory acceptance. Unlike conventional

EEG, which is standardized globally, QEEG interpretation can vary significantly depending on the

specific hardware used, the proprietary processing software applied, and, most critically, the

specific normative database utilized for comparison. The lack of a single, universally accepted

standard for data acquisition and analysis means that results generated by one QEEG system may

not be directly comparable to those from another, leading to reliability concerns. Consequently,

many large medical organizations and regulatory bodies (like the FDA for certain applications)

classify QEEG primarily as a research tool or an adjunct, rather than a standalone diagnostic

instrument.

Finally, there is an ongoing theoretical debate concerning localization and causation. While

QEEG excels at showing where electrical activity is abnormal (spatial localization) and how intense

it is (quantification), it shows correlation, not causation. QEEG findings must always be interpreted

cautiously and integrated within a comprehensive clinical picture, including patient history,

psychological assessment, and behavioral observations, to avoid over-reliance on purely

quantitative data points detached from the patient's lived experience.

7. Further Reading

Quantitative Electroencephalography (Wikipedia)

Neurofeedback: Clinical Applications and Mechanism

EEG Coherence and Functional Connectivity

Electroencephalography (EEG) Fundamentals
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