NEUROCONNECTIONS

WHOLE-HEAD NORMALIZATION USING LIVE
Z-SCORES FOR CONNECTIVITY TRAINING

Part 2 of a 2-Part Series

Part 1 appeared in the April, 2008 issue

Thomas F. Collura, Ph.D

This article is a second in a 2-part series that

Surther explains the practicalities of using
Z-score training with multiple sites. For an
explanation of the theory this is based upon,
please refer to part 1 of this series in your
April issue of NeuroConnections (Ed.).

Some have worried that multivariable train-
ing with LZT is too complex for the trainee
to comprehend. Quite the contrary. During
the training, the subject is simply watching
a DVD or animation, or playing a game,
or listening to music or sounds. The com-
plex protocol calculations still control all
feedback as if there were just another train-
ing variable. The trainee experience can be
whatever is conventional or familiar, relative
to the “signaling”” method. The brain readily
seizes on information that relates to a well-
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targeted state, regardless of the metrics un-
derlying the state. The fact that we can ride
a bicycle demonstrates that we can readily
integrate millions of bits of information into
a cohesive whole, combined with the mind
and body responses, and that it can become
effortless. The more comprehensive the in-
formation, the more likely the brain is to un-
derstand and interpret it. And this is a brain
process, not a conscious mental process.
This is not unlike the difference be-
tween simple muscle fitness training, ver-
sus a more comprehensive activity like
dance or athletics. When applied in a com-
prehensive whole-head training approach,
live Z-scores transform neurofeedback into
an entirely different kind of experience for
the brain’s self-regulatory mechanisms.
Nonetheless, the trainee continues to watch
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Figure 2: Typical indicator screen used with a Multivariate Proportional (MVP) training protocol. Top:
white: MVP training parameter; green: MVP target percentage threshold (70%), red: cumulative percent
time above threshold (50.4%). Middle: size of target in standard deviations (1.2), Bottom: event flag
indicating the times when the MVP parameter is above threshold.
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movies, play simple games, listen to music,
as before, and by allowing the training to
occur, lets their brain learn a new and pro-
found new set of activations and connec-
tions.

Currently, we encourage the major-
ity of our users to use the comprehensive
MVP method that incorporates all available
Z-scores into a single metric. We have en-
hanced it to include selective training func-
tions, such as training only a specific met-
ric (absolute power, relative power, etc), or
training a certain class of metrics (“all con-
nectivity metrics”). In addition, we have
included the ability to use different upper
and lower limits. This was necessitated by
the experience with a man who had exces-
sive amplitudes overall, reaching the level
of 2-3 standard deviations in the dynamic
scores. When a window of + or — 3 stan-
dard deviations was used for training, the
trainee’s EEG quickly changed to a very
low amplitude EEG, and overshot the goal
of zero. Therefore, we offered the ability to
provide different limits, and the trainee was
trained using limits of +3 and -1 standard
deviations. This allowed effective feed-
back, while not rewarding the trainee for
going too low.

Using a comprehensive approach, it
also becomes possible to address the issue
of normalization training versus peak-per-
formance or mental-fitness training. Based
upon our experience with various peak-per-
formers, we have identified certain combi-
nations of features that are unique to them.
We also have subjective reporting data on
individuals who undergo Z-score train-
ing, and who exhibit one or more of these
characteristics. Certain characteristics are
generally identifiable as “good” and which
reflect optimal functioning for that indi-
vidual (but not necessarily all individuals).
Other characteristics may be observed, that
are concordant with “complaints,” which
might include issues with attention, mood,
and so on (Collura et. al. 2008).

Figure 2 at left shows an example of

Continued on page 11
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Z SCORE FOR CONNECTIVITY TRAINING CONTINUED FROM PAGE 9

a display used in this approach. Despite the
complexity of the underlying computations,
the display and its interpretation are relative-
ly simple. The system derives a metric which
reflects a comprehensive analysis of all of
the Z-scores, or a subset thereof. The metric
becomes the training variable, thus replacing
the conventional amplitude or connectivity-
based metric, and is significantly more com-
prehensive than a single Z-score.

The interpretation of the overall suc-
cess rate is identical to that in any operant
conditioning paradigm, and reflects the ag-
gregate reward being experienced by the
user. The variables that can be adjusted to
control feedback are the target size and the
performance score required for the derived
metric. In the example shown, the required
score is 70.0 percent, and the trainee is
achieving this goal 50.4 percent of the time,
on average.

One benefit of MVP-based protocols
is that they can be biased for peak perfor-
mance. For example, among the attributes
that may be selected for enhancement are
global alpha coherence, resting motor strip

Continued on page 12

A B c
Pre-training After After
Conventionally Targeted Z-Score Targeted
Training Training

Figure 3. NeuroGuide coherence maps of case of Jack (Smith, April issue) showing High Beta (top) and
Delta (bottom) coherences before training (left), after a conventionally targeted coherence training regimen
(middle), and after z-score training (right).
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Figure 4. Pre- and Post-treatment NeuroGuide QEEG maps (eyes open) showing effects of 23 sessions of 4-channel Multivariate Proportional live Z-Score

training.
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SMR, reduced low-frequency coherence,
or other variables. These protocols thus
combine the concept of brain normalization
with that of brain optimization.

We refer to the example case pre-
sented by Mark Smith (April issue). In this
case, we have three NeuroGuide QEEG co-
herence maps obtained from a full 19-chan-
nel EEG assessment. The first map shows
the trainee at an early stage in this training
experience. Considerable coherence abnor-

tivariate Z-Scores to resolve complex situ-
ations, figures 4 on page 12 shows pre- and
post-treatment QEEGs, which were taken
from a case that required only 23 sessions
to produce the changes shown by Lambos
and Stark (Collura et. al. 2008). The trainee
was a 12 year-old boy with problems re-
lated to impulsivity, behavior, discipline,
and hyperactivity. In amplitudes, he had ab-
normally high slow frontal activity, abnor-
mally low fast frontal activity, and occipital
abnormalities in delta and alpha. These also
manifested as many significantly abnormal
asymmetries. In addition, there was hy-
percoherence in essentially all frequency

THE USE OF Z-SCORES IN ITSELF IS AN IMPORTANT

ADDITION TO NEUROFEEDBACK,

PROVIDE AN “AUTOMATIC”

malities (hypocoherences) are evident. The
second map shows the effects of conven-
tional targeted coherence training, using
the following plan:
1. Increase coherence of beta at F4/C4
to decrease seizures. (5 sessions)

2. Increase coherence of delta at P3/T5
to decrease seizures. (5 sessions)

3. Increase coherence of delta at F7/F8
to decrease seizures. (5 sessions)

4. Increase coherence of beta at C4/F8
to decrease seizures. (5 sessions)

The effects of the training are evi-
dent. (See figure 3 on page 12.) The target-
ed coherences have indeed moved toward
normalization. However, many coherences
that were not targeted have changed, and
not for the better. Furthermore, delta co-
herences have become significantly worse.
This demonstrates the potential hazards of
targeting single coherence measures along
single connectivity paths. The third (right)
map shows the result after several sessions
of z-score targeted coherence training. It
is evident that the z-score approach is in-
deed capable of targeting and normalizing
coherences, leading to whole-brain normal-
ization.

These advanced z-score training
methods are implemented in software,
and are applied “on top” of the basic live
Z-score software that is built into the ANI
DLL. This software is itself written in the
form of a library, which can become avail-
able to other system developers who wish
to incorporate this new form of training.

As an example of the ability of mul-

BUT IT DOES NOT

SOLUTION IN AND OF ITSELF.

bands, and particularly at the very low and
very high frequencies.

By using an MVP protocol, the cli-
nicians were able to remediate essentially
all of these abnormalities in 23 sessions,
as shown on the QEEG. Interestingly, one
small emerging abnormality appears in the
form of left frontal beta and high beta. If
anything, this slightly excessive activation
of the left frontal lobe might reflect a ben-
efit, which would be a brightening effect
on the trainee’s mood. These results are
taken from the eyes-open condition, which
was the training condition. A different set
of changes, also related to normalization of
the EEG, was observed in the eyes-closed
condition, indicating that the brain was
learning self-regulation for both conditions,
despite being trained with eyes-open only.

In summary, the use of Z-Scores in
itself is an important addition to neurofeed-
back, but it does not provide an “automat-
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ic” solution in and of itself. It is not neces-
sarily applicable to every trainee, and the
idea of training everyone “to the norm” is
not universally applicable. It is necessary to
understand and interpret the brain dynam-
ics of the trainee, determine which types of
normalization are appropriate, and design
and use protocols that are suited to the case
at hand. In general, simply using a Z-Score
as a target is not sufficient to produce nor-
malization. In many situations, it will be
important to have a whole-head QEEG type
of analysis for planning and interpretation
of the LZT training. It is also important to
wisely use multiple channels and multiple
targets, in order to give the brain the infor-
mation it needs to achieve comprehensive
improvements in self-regulation.
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In Memory of Dale Patterson

A respectful goodbye to an individual who was devoted to the biofeedback field is
offered here. Dale’s enthusiasm for the field was unmatched by all. Despite personal
physical and personal setbacks, he remained forever focused on his desire to bring
this treatment to all who could benefit from it. I will forever appreciate his passion
and devotion. It is unfortunate that he was unable to bring his dream to those in

Perhaps, however, his energy, optimism and drive will be felt and appreciated
by others as they continue to move the field into its proper place in society. He would
greatly appreciate the continued efforts of others.
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