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TECHNICAL NOTES

Rethinking Standard Bands

David A. Kaiser, PhD

The world is becoming more customized each day, yet most of us
continue to use off-the-shelf principles when we assess and train indi-
viduals. In his first report Hans Berger (1929) identified large rhythmic
sinusoidal waveforms in the human EEG, which he designated as
“waves of the first order,” or simply “alpha waves” for brevity’s sake.
Alpha waves appeared in bursts of 10 cycles per second, were pro-
nounced in posterior regions when the eyes were closed, and abated
when the eyes opened.

This is how the alpha rhythm was defined 70 years ago. Today we in-
clude a quantitative dimension to our definition. The alpha rhythm is
designated as sinusoidal waves that dominate the spectral density distri-
bution during eyes closed rest, but a standard frequency band of 8 to 13
Hz now measures its presence. Or 8 to 12 Hz. Or 7 to 13 Hz. Or 8 to 15
Hz (e.g., Etevenon, Eustache, Mitermite & Lepaisant, 1990; Ray &
Cole, 1985) . . . you get the idea. What is more disturbing than
bandwidths varying between laboratories are the boundaries being
used. Brain activity rarely falls in step with our system of natural num-
bers, but you would never know this by perusing the scientific litera-
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ture. A frequency band, as it turns out, is a compromise between ease of
communication and the limits of one’s analytical techniques. This, de-
spite the fact that communication has never been easier and our compu-
tational power more advanced.

INDIVIDUAL ALPHA FREQUENCY (IAF)

Klimesch and his colleagues (Klimesch, Schimke & Pfurtscheller,
1993) developed a simple, common sense strategy for analyzing domi-
nant frequency in an EEG recording. He identifies the dominant peak
frequency for each subject, and then derives alpha and theta bands rela-
tive to this peak. The alpha band is formulated as the individual (peak)
alpha frequency (IAF), plus and minus 2.5 Hz. Alpha and theta bands
may also be estimated as a percentage of IAF (Doppelmayr, Klimesch,
Pachinger & Ripper, 1998). The concern I have for this approach is the
width of each band, the plus and minus 2.5 Hz; although it may have
some empirical basis, it is also artificial. Some subjects may fit neatly
inside a 5-Hz-wide band, others may require a narrower band. Obvi-
ously, this part of the formula can be refined. Nonetheless, the use of in-
dividualized frequency bands might shake some of the noise out of our
analyses and improve the reliability and validity of our conclusions.

As shown in Figure 1, the dominant frequency extends from 7 to 15
Hz for this sample, although the vast majority of peak frequencies
(>95%) are captured between 8 and 12 Hz. But what is not captured by
an 8-12 Hz may account for more than 5% of the information, namely
individual differences. The alpha rhythm is not homogeneous, but var-
ies in peak from individual to individual (Doppelmayr et al., 1998), and
the shape or width may be just as diverse. In the present sample the dis-
tribution (width) of alpha activity across the frequency spectrum varied
by a factor of two: anywhere from 20 to 40% of alpha magnitude was
contained in the single peak frequency (mean 27.3% ± 3.0%) (see ex-
amples in Figure 2).

As shown in Figure 3, the dominant peak frequency varies widely be-
tween 8 to 13 Hz, with a mean of 10.0 Hz ± 1.0 Hz. (I guess natural
numbers can reflect brain behavior, at least in its aggregate.) This sam-
ple consists entirely of normal adults, and yet it demonstrates much
variance in peak and distribution. So this begs the question: why do
most of us resort to standard bands to evaluate “nonstandard” people,
those with clinical conditions? The calculation of IAF is trivial, and can
be performed using a one-channel EEG system, but with little topo-
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graphic sensitivity and much repetitious work. For some individuals
dominant frequency may vary somewhat across the scalp, but simply
calculating a posterior IAF would be a good first step toward capturing
individual differences in psychophysiology, and it should increase the
reproducibility of our clinical findings.
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FIGURE 1. Distribution of Peak Dominant Frequency for 124 Adults at Five
Posterior Sites (P3, Pz, P4, O1, and O2) During Eyes Closed Rest. Each Sub-
ject Provided Two to Six Replications.
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FIGURE 2. Alpha frequency Distributions During Eyes Closed Rest for Two
Subjects.



EVALUATING BAND MODELS

Which model for estimating alpha activity, IAF or standard bands,
should we use? This question may be answered empirically. We ex-
pect an alpha band to capture accurately the behavior of the alpha
rhythm. We know that the alpha rhythm attenuates from eyes closed to
eyes open conditions, so one might compare the two models on how
each responds to attenuation. As shown in Figure 4, IAF demonstrates
slightly greater attenuation to eyes opening than a standard band of
8-12 Hz. IAF beats the standard band at the eyes open suppression
test, in spite of the fact that IAF was calculated crudely in the present
data set, with only 1-Hz bands at my disposal. Further tests will elimi-
nate the inferior model, but already band customization shows prom-
ise.

One suggestion before we proceed: Although IAF, as proposed by
Klimesch et al. (1993), captures individual differences in peak fre-
quency, it ignores differences in spectral “morphology” or distribution.
It relies on a predetermined distribution (± 2.5 Hz) for all individuals in
generating each band. Further calibration might improve our estima-
tions, taking into effect the general shape and width of an individual’s
dominant frequency. Some individuals may be served well by a 3-Hz-
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wide alpha band, others by a 5.6 Hz-wide band. Of course, estimation of
individual alpha distribution (IAD) is trickier than calculating peak fre-
quency. IAD might be formulated as the interval centered around the
peak frequency that captures 95% to 99% (two or three standard devia-
tions) of the rise in magnitude across the middle frequency spectrum
during eyes closed rest. Unfortunately, rise can be quantified in innu-
merable manners: in reference to a baseline, surely, but what constitutes
the non-alpha baseline? Using magnitude in neighboring bands (e.g.,
5-7 Hz and 13-15 Hz) for the baseline resulted in an IAD of 8.0-12.6 Hz
(wide example) and 8.4-11.3 Hz (narrow example) for 99% rise (see
Figure 2). To calibrate IAD consistently and reliably will require ex-
tremely rigorous and systematic recording techniques. Perhaps IAD is
“a bridge too far,” and essentially impractical under current circum-
stances and technologies. And we do not know what advantage, if any,
such exceptional customization may provide. However, utilizing the
IAF model to generate alpha bands is probably worthwhile and well
within our reach today.
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MATURATION OF THE ALPHA RHYTHM

The discussion to date has referred to the alpha rhythm for a normal
adult population. When any of these three criteria are not met, the use of
fixed standard bands becomes even more questionable. When we evalu-
ate children with quantitative EEG, we need to take into account the de-
gree of neurological maturation. The alpha rhythm does not spring forth
at 10 Hz at birth; instead it emerges as a slow 4 Hz rhythm in infancy,
and it takes ten years or so of development before the familiar 10 Hz
rhythm establishes itself (Niedermeyer, 1999) (see Table 1). As some
have suggested, the frequency of the alpha rhythm may reflect the gen-
eral maturity or immaturity of a child’s nervous system (e.g., Lazzaro
et al., 1998). Thus, prominent 4-7 Hz activity in young clinical popula-
tions, notably attention deficit disorder, probably reflects an immature
manifestation of the dominant thalamocortical rhythm (Harmony et al.,
1995); theta is actually alpha.

Figure 5 shows two individuals excluded from the previous sample
of 124 adults due to age and/or clinical condition. One is a 3-year-old
child and the other at 65 is possibly entering second childhood, at least
electrophysiologically. One alpha distribution is normal, the other a re-
sponse to chronic alcoholism, and both would be poorly served by an
8-12 Hz alpha band.

SENSORIMOTOR RHYTHM

The sensorimotor rhythm (SMR) is of obvious interest to neuro-
feedback clinicians, as much of the training revolves around this band.
Unfortunately, SMR in humans rarely dominates the raw signal during
wakefulness; therefore, it is very difficult to isolate this rhythm for
spectral analysis. Fortunately for our purposes, the mechanism respon-
sible for rhythmic activity of sensorimotor cortex during wakefulness
(SMR) also generates the spindle burst pattern during sleep (Sterman &
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TABLE 1. Maturation of the Alpha Rhythm: Minumum, Maximum Alpha Fre-
quency Per Age Group

Age Newborn Infant Toddler Preschooler Preteen

Alpha
Rhythm

Not present 4 Hz, 6 Hz 5 Hz, 8 Hz 7 Hz, 9 Hz 9 Hz, 10 Hz



Bowersox, 1981). Put simply, the sleep spindle rhythm is the nighttime
version of SMR. And it is easy to isolate and analyze sleep spindles in
human EEG. Unlike the alpha rhythm, sleep spindles emerge fully
formed in terms of frequency during early infancy. At three to four
months of age sleep spindles are already at their adult speed, 12 to 15
Hz. A slower spindle (10 Hz) is rarely observed in healthy adults
(Jankel & Niedermeyer, 1985) and may be indicative of cerebral pathol-
ogy. That a band (spindle/SMR) should mature so rapidly and play such
a significant role in neuroregulatory function is intriguing. (It makes me
wonder whether there is a larger story here, especially in the context of
our evolutionary history. Does the sensorimotor rhythm mature so
quickly in all species, or only in primates, or only in humans?)

A drowsy child and a single active electrode positioned at recording
site Cz or Fz is all one needs to accurately identify spindle frequency.
Figure 6 shows sleep spindles recorded from a child diagnosed with au-
tistic disorder. The spindle bursts range from 10 to 12 Hz, which is
slower than normal. It may be the case that this slowing reflects the be-
havior of a dysfunctional mechanism, one that underlies his condition.
In other words, a slow spindle frequency may be indicative of autism, or
his specific subtype of autism, or an idiopathic process in this child, or
even a poorly documented normal variant in children. There is little to
no direct research on sleep spindles in autism so it’s not clear whether
this finding is relevant. Some researchers have observed a slower sleep
spindle, but rarely in healthy adults (Jankel & Niedermeyer, 1985).
Years ago some thought hyperactivity and sleep spindles incidence
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FIGURE 5. Occipital Alpha Distribution During Eyes Closed Rest in a 3-Year-
Old Child and 65-Year-Old Chronic Alcoholic.



were associated, but this fell apart (Kiesow & Surwillo, 1987). Spindle
frequency itself has not been thoroughly investigated in its relationship
to clinical diagnoses. Slow spindle frequency may signify cerebral dis-
organization well before any behavioral symptoms emerge. Such a
marker would be especially helpful for autistic children as this disorder
can go undiagnosed for years. Obtaining a diagnosis at three or four
months would allow treatment to begin incredibly early compared to
current practices.

These speculations are derived from a single subject, but in physiology
sometimes a single case makes your case (e.g., Morruzzi & Magoun,
1949). If autistics do manifest slower spindle frequencies, I foresee a
parade of concerned parents taking their three- and four-month-old in-
fants to neurofeedback clinics throughout the country for a neuro-
regulatory checkup. At the very least, it may verify whether regulatory
features of an infant’s motor system are intact. And unlike most sleep
recordings, which require a night of adjustment, what we are looking
for (the sleep spindle rhythm) can be acquired probably from the first
hour of the first night. Figure 7 shows this idea put into practice: the
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clinical assessment of my four-month-old son’s spindle rhythm. As I
was happy to see, it is well within the normal range. Only more research
will determine whether this proves that he is not autistic, will not de-
velop autism, or whether I simply wasted my time. But I do know at this
point that his cerebral organization differs significantly from the three-
year old autistic in Figure 6.

CUSTOMIZING THETA AND BEYOND

Alpha and sensorimotor rhythms dominate the raw EEG during spe-
cific conditions (eyes closed rest, stage two sleep, respectively), but can
we say the same for theta and beta and other frequencies of interest?
Sterman, Kaiser, and Veigel (1996) observed systematic bursts of theta
in frontal sites during a continuous performance task at distinct times dur-
ing a response. In fact theta synchronization may be necessary for some
cognitive performance (Doppelmayr, Klimesch, Schwaiger, Auinger &
Winkler, 1998b), but it may not be easy to elicit theta bursts consistently
across subjects. Yet it’s a start at identifying an ITF (individual theta
frequency).

Statistical descriptions are effective tools, but rarely are they as pow-
erful and as accurate as an individual’s data. The use of customized fre-
quency bands may optimize QEEG evaluation and neurofeedback training
or it may add little to the picture. Only more research will tell.
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