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COGNITIVE FUNCTIONING - MEMORY AND
PROBLEM SOLVING- IN DIVERSE
CLINICAL CONDITIONS & NORMAL
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Field of the Invention

[0026] The present invention relates to a novel method for
improving memory (auditory and reading) and problem solv-
ing for the human brain by measuring, determining, record-
ing, and correlating object-related, quantitative EEG (QEEG)
information with the use of whole skull electroencephalog-
raphy, using a disposable electrode cap connected to a com-
puter system arrangement and more particularly to a method
of measuring and determining a large number of meaningful
brain electrical activity levels in response to memory material
(presented via auditory and visual modalities) and non-verbal
material involving problem solving tasks. The method
involves recording a subject’s baseline values on QEEG val-
ues while they are engaged in one of the three cognitive tasks.
The QEEG data is transformed to ASCII data which is then
analyzed by software. The subject’s performance is com-
pared to an appropriate database of subjects who underwent
similar evaluations. The appropriate databases are comprised
of all of the sample (A: all ages, all clinical and non-clinical
conditions; B: all non-clinical children under the age of 14; C:
all non-clinical adolescents and adults over the age of 14). If
the subject is a non-clinical child under the age of 14 then the
appropriate database is B, etc. All of the QEEG differences
between the subject and the appropriate database are avail-
able for analysis. However, the focus of the analysis is on the
QEEG variables which have positive and negative relations to
the cognitive performance in the appropriate database. EEG
biofeedback treatment protocols are determined by the sub-
ject’s deviation from the average value in the database on the
variables which are positively and negatively related to the
performance variables. Once the differences from the rel-
evant database are determined, appropriate treatment proto-
cols are employed with the subject to increase the values of
the variables positively related to performance and decrease
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the values of the variables negatively related to performance.
The treatment consists of the operant conditioning (auditory
and visual feedback) of the EEG signal to improve the sub-
ject’s values on the relevant deficient variables to improve
their cognitive functioning (memory or problem solving) by
employing EEG biofeedback software. For example, the
spectral correlation coeflicient (coherence) values of alpha
from the left temporal location (T3) to all other 18 locations is
positively correlated with auditory memory performance in
the non-clinical children. If a subject is under the age of 14,
then the subject’s value would be compared to the children’s
database for the average T3 coherence alpha relationship
value to each of the other 18 locations. If the subject’s value
between T3 and F3, for example, is below the average value,
then that connection becomes the focus of the EEG biofeed-
back intervention, which has the goal of increasing the value
of the variable to the average value or above. The figures
present the linear relationships between the QEEG variables
and performance. Thus, the higher the value of the variable
the better the performance. Thus, the goal is to increase the
value of the variable to at least the average value, preferably
above. Similarly if a variable, such as theta relative power in
a particular location, is negatively related to memory perfor-
mance and the subject’s value is above the average value (in
the appropriate database) then the focus of the EEG biofeed-
back intervention is to lower the value of the theta relative
power variable to the point of being at the average value or
below. As the relation is a linear relationship between the
QEEG variable and performance, the goal is to lower the
variable to at least the average value, preferably below.
[0027] TheFIGS. (3-22) provided indicate the positive and
negative correlations between the QEEG variables and per-
formance for the respective groups.

DESCRIPTION OF THE PRIOR ART

[0028] Theresearchinthe area of cognitive functioning and
brain physiology is of two general types, blood flow related
and electrical activity. Studies of electrical activity address
event-related potentials (ERP) or quantitative EEG measures,
ERP’s study the activity of the brain within milliseconds
following exposure to a stimulus. QEEG studies employ a
longer period of time for analysis. The relationship between
blood flow and electrical activity has been researched with
varied findings. Leuchter, A. F., Cook, 1. A, Lufkin, T. B,
Dunkin, J., Newton, T. F., Cummings, I. L., Mackey, J. K. &
Walter, D. O. (1994) also noted that the associations between
EEG power and perfusion or metabolism vary considerably
across frequency bands and sites, with some studies showing
little or no association.

[0029] Within the field of biofeedback applications to prob-
lems in human functioning, there is a subspecialty, commonly
referred to as Neurotherapy. Neurotherapy is the providing of
electrophysiological information (in the form of the QEEG
parameters) to a subject for the purpose of changing the
parameter being measured. This type of biofeedback has been
successfully employed in the remediation of Attention Deficit
Disorder, the elevation of 1Q scores 15 to 25 points, addictive
conditions such as alcoholism, and emotional problems such
as depression, post-traumatic Stress disorder and anxiety.
[0030] While these results have been empirically impres-
sive, they have not been based upon a complete theoretical
orientation and/or empirical base of brain electrophysiology.
The research has primarily focused on the C3-Cz locations
(ADD and Learning Disabilities) and occipital leads (alco-
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holism) and have addressed issues of reducing theta and/or
increasing alpha or beta activity (depending upon the prob-
lem).

[0031] The pattern of previous research findings regarding
the relationship between cognition and the QEEG implies
that cognitive abilities reside in increased beta (13-21 Hz)
activity, decreased theta and delta activity. However, the find-
ings are not consistent across cognitive tasks and populations
and did not correlate specific QEEG variables during the task
with performance for all locations and frequencies extending
to the 64 Hz range. The confusing pattern of results is due to
the different algorithms, different tasks, different populations
and different methodologies.

BACKGROUND/SPECIFICATIONS

[0032] Research addressing EEG biofeedback (Neuro-
therapy) has grown considerably in the past two decades.
EEG biofeedback addresses the quantitative EEG (QEEG)
signal in an operant conditioning (rewarding/inhibiting of
spontaneous behavior) model. It has been amply demon-
strated that this intervention approach can change the elec-
trophysiological signals of the QEEG (Thornton & Carmody,
2013; Thornton & Carroll, 2010). However, there are some
2100 variables involved in the QEEG signal (involving 19
locations and 5 frequencies (0-64 Hz)). The determination of
what signal to reward or inhibit has predominantly fallen
upon the individual practitioner to decide. What the field is
grossly lacking is the definition of what cognitive/behavioral
skills are determined by what QEEG variable, which is the
focus of this patent. This patent addresses 3 cognitive skills
(auditory memory, reading memory, problem solving) and
shows what QEEG variables are related (positively and nega-
tively) with performance variables, thus providing the empiri-
cal basis for decision making in this area.

[0033] The search for the relations between the quantitative
EEG variables and cognitive performance have been the
focus of research efforts such as Thatcher et al. (2002) and
others. The purpose of understanding these relations was to
provide a sound empirical base for EEG biofeedback inter-
ventions. All of the research in this area has focused on the
relation between eyes closed data or simple activation tasks
and subsequently (different time) obtained cognitive perfor-
mance. Thornton & Carmody (2009) successfully challenged
this assumption and demonstrated that the meaningful QEEG
correlates can only be obtained if the subject is actively
engaged in a specific cognitive task which assesses a specific
cognitive skill.

[0034] The specifics of EEG biofeedback have been the
focus of the four US patent applications by T. Collura, with-
out specifying what QEEG variables are relevant to what
cognitive skill. The focus of these patents was on employing
eyes closed or simple activation measures (such as opening
the subjects eyes) and pursuing intervention protocols which
train the subject to obtain normative values in reference to
eyes closed data. This patent is not claiming to be a biofeed-
back device but rather the knowledge of how the biofeedback
device can most effectively be employed. Biofeedback tech-
nology has been adequately described in the Collura applica-
tions and doesn’t require replication in this application. The
invention described in this patent application can be
employed by any hardware or software manufacturer in the
QEEG field, if the appropriate algorithms are implemented.
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The format of the patent application is the same as employed
in the U.S. Pat. No. 6,309,361 B1 Oct. 30, 2001 patent by
Thornton.

[0035] Komissarov (patent 2008/0103409) claims “A
method for altering a visual cognitive ability in a human
comprising: (a) eliciting the human to imagine that he or she
possesses an optical sensory ability that operates when the
human is sight-deprived; (b) presenting the sight-deprived
human with an optical sensory stimulus for a time sufficient
that the human perceives the presence of the optical stimulus;
and (c) eliciting, within a few seconds of the human perceiv-
ing the presence of the optical stimulus, a description of the
optical stimulus, so as to thereby alter the visual cognitive
ability of the human.” The inventor did report “On the other
hand, there was a mysterious, clear and replicated VEP in
condition B” (blindfold simulated reading condition). The
claim does not present any information relating the VEP or
QEEG variables to performance issues.

[0036] The search for the specific quantitative EEG corre-
lates of specific cognitive abilities under cognitive activation
conditions (in non-clinical participants and clinical subjects)
has been the subject of much of the inventor’s research pub-
lication history. However, only a few of these publications
(Thornton, 2000, 2002a, 2002b, 2006, 2009, 2014) have pre-
sented the actual QEEG correlates of successful and unsuc-
cessful cognition and have focused on the auditory and read-
ing memory tasks. None have presented the information in the
form it is presented in this patent application, with the use of
processing units and flashlights. Research on the Ravens
Matrices has not yet been published by the investigator. In
addition, the investigator has increased the activation data-
base considerably and has included clinical participants in the
research (in comparison to the Thornton 2001 patent).

[0037] Thomton & Carmody (2009) reported on the prob-
lems of using eyes closed data in understanding the actual
relations between the QEEG and cognition under cognitive
task conditions. The study indicated that the relative power
values of theta activity in the eyes closed condition correlated
positively with subsequent auditory recall. However, the rela-
tive power of theta values are 1) generally considered a nega-
tive indicator of cognitive ability and 2) did not correlate with
successful performance during the actual task. The article
further elaborated on many of the inconsistencies between
eyes closed and simple attention tasks (visual, auditory) pre-
dictor QEEG variables and subsequent cognitive task QEEG
correlates to auditory memory and reading memory. The
article concluded that eyes closed data and even simple visual
and auditory attention tasks are not useful in understanding or
meaningfully predicting what occurs under task conditions.
In addition, almost all currently employed databases do not
extend the frequency range up to 64 Hertz. The higher
“gamma” (32-64 Hz) frequency range is employed in the data
presented. The value of the information resides in its appli-
cation in the EEG biofeedback field. Thornton & Carmody
(2013) documented that application of this type of informa-
tion and EEG biofeedback results in improvements in audi-
tory and reading memory averaging 1.78 standard deviations
across a group of 86 participants (normal, learning disabled
and brain injured). All the groups were performing better than
the normative reference group at the end of their treatment
(average of 45 sessions).

Aug. 4,2016

BRIEF SUMMARY OF THE INVENTION

[0038] This patent designates the critical Quantitative EEG
(QEEG) variables for 3 cognitive skills (auditory memory,
reading memory, problem solving) and makes 3 claims
regarding these skills. The World English Dictionary defines
invention in patent law as “the discovery or production of
some new or improved process or machine that is both useful
and is not obvious to persons skilled in the particular field.”
The improved process in this patent application is the knowl-
edge of specific QEEG correlates of effective cognitive func-
tioning of specific cognitive skills which can be employed in
EEG biofeedback intervention protocols.

[0039] EEG biofeedback involves the operant conditioning
of the EEG signal. The relationship between specific QEEG
variables and specific cognitive skills during specific cogni-
tive tasks has not been established. The claim is a process to
improve an individual’s specific cognitive abilities by identi-
fying the QEEG variables which are related to specific skills.
A participant’s values on the critical variables is obtained
during a cognitive activation QEEG evaluation and a com-
parison to a relevant database is conducted. The participant
then undergoes EEG biofeedback to improve the value of the
relevant QEEG variable, resulting in improved cognition. The
claims are not claiming specific QEEG variable but rather the
relationship of a QEEG variable to performance, an individu-
al’s relationship to the database on that variable and the value
of improving the value of the variable for specific cognitive
skills.

[0040] Theemployment of this knowledge has been shown
to improve memory functioning (auditory and reading
memory) an average of 1.78 standard deviations across a
group of 86 participants (normals, learning disabled and brain
injured) to the point that all groups were functioning better
than their respective normative control group values (Thorn-
ton & Carmody, 2013).

BRIEF DESCRIPTION OF THE DRAWINGS

[0041] Group (A) includes all subjects (clinical and non-
clinical and all ages); Group (B) consists of all non-clinical
child participants (under the age of 14); Group (C) consists of
non-clinical adolescents and adults (over the age of 14);

[0042] FIG. 1 presents the standard locations in the 10-20
system;

[0043] FIG. 2 presents the analysis grouping of the vari-
ables;

[0044] FIG. 3 presents the reading QEEG correlates for

Group A (all ages and all conditions (clinical, non-clinical));
[0045] FIG. 4 presents the reading QEEG correlates for
Group B (all non-clinical children);

[0046] FIG. 5 presents QEEG correlates for Group C (non-
clinical adolescents and adults during input reading task);
[0047] FIG. 6 presents QEEG correlates for all subjects
(Group A) during immediate reading recall task;

[0048] FIG. 7 presents QEEG correlates for non-clinical
children (Group B) during immediate reading recall;

[0049] FIG. 8 presents QEEG correlates for non-clinical
adolescents and adults (Group C) during immediate reading
recall task;

[0050] FIG. 9 presents QEEG correlates for all participants
(Group A) during delayed reading recall task;

[0051] FIG. 10 presents QEEG correlates for non-clinical
children (Group B) during delayed reading recall task:
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[0052] FIG. 11 presents QEEG correlates for non-clinical
adolescents and adults (Group C) during delayed reading
recall task;

[0053] FIG. 12 presents QEEG correlates for all (Group A)
during auditory memory task-input condition;

[0054] FIG. 13 presents QEEG correlates for children
(Group B) during auditory memory task input condition;
[0055] FIG. 14 presents QEEG correlates for adolescents
and adults (Group C) during auditory memory task-input
condition;

[0056] FIG. 15 presents QEEG correlates for all (Group A)
during auditory immediate recall;

[0057] FIG. 16 presents QEEG correlates for children
(Group B) during auditory immediate recall;

[0058] FIG. 17 presents QEEG correlates for adolescents
and adults (Group C) during auditory immediate recall;
[0059] FIG. 18 presents QEEG correlates for all partici-
pants (Group A) during delayed auditory memory recall task;
[0060] FIG. 19 presents QEEG correlates for non-clinical
children (Group B) during delayed auditory memory recall
task;

[0061] FIG. 20 presents QEEG correlates for non-clinical
adolescents & adults (Group C) during delayed auditory
memory recall task;

[0062] FIG. 21 presents QEEG correlates for adolescents
and adults (Group C) during Ravens Progressive Matrices;
and

[0063] FIG. 22 presents QEEG correlates for children
(Group B) during Ravens Progressive Matrices.

DETAILED DESCRIPTION OF THE METHOD
EMPLOYED TO OBTAIN THE IMPROVED
PROCESS APPROACH AND RESULTS
OBTAINED

[0064] Table 1 presents the information on the present
sample size for the child, adolescent and adult sample (clini-
cal and non-clinical participants).

TABLE 1

Children, Adolescents, & Adult

Listening Reading Problem

Condition Condition Solving
Avg. Age 28.01 27.6 28.8
Age Range (Mos.) 68-921 68-921 93-869
Educ. 115 11.4 11.14
Male 184 176 60
Female 148 130 56
Total 332 306 *1062

*= indicates total number of Ravens matrices tasks administered

[0065] The Thornton (2001) patent had a subject pool of 83
normal adults and 30 children under the age of 13. The present
subject pool is approximately 332 children, adolescents and
adults. The 2001 patent only employed normal subjects in the
analysis. This sample included all available subjects, includ-
ing those with brain injuries, learning problems, attention
deficit disorder and other clinical conditions not necessarily
categorized with these labels (i.e. radiation treatment for can-
cer). Thus, the sample size represents almost a 300% increase
in size.

[0066] Apart from the issue of the increase in sample size is
the issue of greater generalizability of the present results and

Aug. 4,2016

increase in face validity. The generalizability argument is
based upon the inclusion of the diverse set of clinical condi-
tions. Thus, a variable which may not be relevant in a norma-
tive sample may be critical in a learning disabled sample.

[0067] The patent addresses three specific cognitive skills
1) Auditory Memory; 2) Reading Memory; 3) Problem Solv-
ing, across the age range of 5.6 to 76.7 years. For each of the
memory tasks, the data is analyzed according as to whether it
was recorded during the input part (while listening or reading)
and immediate recall part. The immediate recall tasks
involves the subject quietly recalling the information while
their eyes are closed. For the Raven’s task only the data
obtained during the administration of the task is analyzed for
non-clinical children, adolescents and adults.

[0068] The respective data is analyzed according to
whether the variables are positively or negatively correlated
with the performance variable. The alpha level was set to
0.05. Three groups were available for analysis for analysis.
The first group (A) included all subjects (clinical and non-
clinical and all ages). The second group (B) consisted of all
non-clinical child participants (under the age of 14). The third
group (C) consisted of non-clinical adolescents and adults
(over the age of 14).

Theoretical Concepts

[0069] The results of the analysis are consistent with the
Coordinated Allocation of Resource (CAR) model of brain
functioning. The model states that effective and non-effective
electrophysiological functioning is a result of the allocation
of specific sets of the brain’s resources, which can be over-
lapping across different cognitive tasks. The model employs
a flashlight metaphor which states that a specific location can
send out a “beam” to all other locations within a frequency or
operate as a mini-flashlight which involves several receiving
locations but not all locations. An additional theoretical con-
struct employed in the model is that there is a heuristic Pro-
cessing Unit. The frontal processing unit (FPU) consists of
the coherence and phase relations between the following
locations: Fpl, Fp2, F7, F8, F3, Fz, F4). The central process-
ing unit involves the F3-Fz-F4; C3-Cz-C4; P3-Pz-P4 loca-
tions. The posterior processing unit (PPU) involves P3-Pz-
P4, T3, T6, O1, & O2. In addition, the employment of a
frontal CPU (fCPU) (F3-Fz-F4; C3-Cz-C4) is employed. In
addition, to the processing units the flashlight locations are
indicated in the figures by the star figure. Each star location
indicates that the location is sending out a signal (within a
specific frequency) to all other locations, as indicated in FIG.
2 (lateral flashlights). FIG. 2 presents the analysis grouping of
the variables.

[0070] The concept of coherence employs the Lexicor’s
algorithm of Spectral Correlation Coeflicients and Lexicor’s
Phase algorithm. Different hardware/software manufacturers
employ different algorithms to calculate these values but are
all based on similar concepts, which are claimed in this
patent. The following measures were available for the analy-
sis. The following text describes the QEEG variables
involved in the analysis.

Arousal Measures

[0071] Absolute Magnitude: the average EEG magnitude
(as defined in microvolts) within a frequency band over a
specific time period (epoch).
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[0072] Relative Magnitude: the relative EEG magnitude
within a frequency band (absolute magnitude in a particular
band divided by the total microvolts generated at a particular
location in all bands)

[0073] Peak Amplitude: the peak amplitude of a frequency
band during an epoch of time (defined in microvolts) Peak
Frequency: the peak frequency within a band during an epoch
of time (defined infrequency)

[0074] Peak Frequency: the peak frequency within a band
during an epoch of time (defined in frequency)

[0075] Connectivity Measures Coherence: the average
similarity between the waveform morphology in a particular
frequency band from two locations over an epoch (a one-
second period of time in this research). The measure has been
conceptualized as the strength/number of connections
between the two locations. Lexicor software provides an
amplitude matching algorithm. However, an alternate con-
ceptualization of the relations (SCC and phase) could refer to
the quality of signal transmission, with degradation of the
signal reflected in lower values.

[0076] Phase: the time lag between waves from two loca-
tions in a particular band as defined by how soon after the
beginning of an epoch a particular waveform at location #1 is
matched in location #2 (amplitude)

Frequency Ranges

[0077] The frequency range employed is 0-64 Hertz. The 5
frequency bands are defined as follows:

[0078] Delta: 0-4 Hz Theta: 4-8 Hz Alpha: 8-13 Hz
[0079] Betal: 13-32 Hz Beta2: 32-64 Hz.

Nomenclature

[0080] The following nomenclature is employed to refer to

the different frequencies and variables.

[0081] CD=Coherence Delta; CT=Coherence Theta;
CA=Coherence Alpha; CBIl=Coherence Betal;
CB2=Coherence Beta2 PD=Phase Delta; PT=Phase
Theta, PA=Phase Alpha; PB1=Phase Betal; PB2=Phase
Beta2 RPD=Relative Power Delta; RPT=Relative
Power Theta; RPA=Relative Power Alpha;
RPB1=Relative Power Betal; RPB2=Relative Power
Beta2 MD=Magnivolts Delta, MT=Magnivolts Theta;
MA=Magnivolts Alpha; MBI1=Magnivolts Betal;
MB2=Magnivolts Beta2 PKFD=Peak Frequency Delta;
PKFT=Peak Frequency Theta; PKFA=Peak Frequency
Alpha; PKFB1=Peak Frequency Betal; PKFB2=Peak
Frequency Beta2 PKAD=Peak Amplitude Delta;
PKAT=Peak Amplitude Theta; PKAA=Peak Amplitude
Alpha; PKAB1=Peak Amplitude Betal; PKAB2=Peak
Amplitude Beta2

FIG. 1 Presents the Standard Locations in the 10-20
System

FIG.1
Locations in the 10-20 System
Insert FIG. 1
10-20 Nomenclature for EEG Locations

FIG. 2 Presents the Variables that are Employed in
the Analysis
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FIG. 2
The Variables Employed in the Analysis
Insert F1G. 2

Summary of Specific Claims

[0082] This patent addresses the relations between the
quantitative EEG (QEEG) variables and the mental abilities
of auditory and reading memory as well as problem solving
ability, as assessed by the Ravens matrices (a well accepted
measure of intelligence). The QEEG variables examined
were the “arousal” variables of magnitude, relative power,
peak amplitude, & peak frequency while the connection vari-
ables involved Spectral Correlation Coefficients (SCC) and
phase relations. The analysis presented in the figures docu-
ment the significant positive and negative relations between
the QEEG variables and performance on the cognitive task
during the input and recall tasks (for auditory and reading
memory) and during task performance on the Ravens matri-
ces. The three claims made involve 1) the QEEG correlates of
reading memory (input, immediate & delayed recall) for
groups A (all), B (non-clinical children under the age of 14),
& C (non-clinical adolescents and adults over the age of 14);
2) the QEEG correlates of auditory memory (input, immedi-
ate & delayed recall) for groups A, B, & C; 3) the QEEG
correlates of problem solving for group B & C.

Task Methodology—Reading

[0083] The following text describes the data collection
method. The reading task involves the subject reading for 100
seconds (a full page of a story about a Kleenex factory). The
subject reads the page for 100 seconds, then closes their eyes
and quietly recalls the story to themselves for 50 seconds and
then tells the examiner outloud what they recalled during the
quiet recall period. About 15-20 minutes later the subject is
asked to close their eyes and recall the story that they had
previously read (Kleenex factory). After 50 seconds of quiet
recall the subject is requested to tell the examiner what they
recalled during the quiet period. The total memory score
refers to the immediate recall and the delayed recall com-
bined.

[0084] The analysis of the relations between reading
memory functioning and the QEEG variables can vary
according to the group that is being analyzed (age, clinical,
non-clinical). The figures present those variables that are
significantly related across the different groupings of the
participants previously discussed (groups A, B, & C). The line
connecting two locations indicate a significant relation (for
coherence and phase relations). A location which is signifi-
cant (arousal variables) is indicated by a black circle. The
frequencies and variables involved in the figure are indicated
at the top of the figure.

[0085] FIG. 3 presents the data for group A (all subjects, all
ages). The figure indicates significant involvement (negative
and positive) of the SCC and phase relations across the 5
frequencies and involvement of the arousal variables across
all frequencies.
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FIG.3

Reading QEEG Correlates for Group A (all Ages and
all Conditions (Clinical, Non-Clinical))

Insert FIG. 3

CD=Coherence Delta; CT=Coherence Theta;
CA=Coherence Alpha; CB1=Coherence Betal;
PD=Phase Delta; PT=Phase Theta; PA=Phase Alpha;
PB1=Phase Betal; PB2=Phase Beta2; RPT=Relative
Power Theta; RPA=Relative Power Alpha;
RPB1=Relative Power Betal; MD=Magnivolts
Delta; MT=Magnivolts Theta; MB1=Magnivolts
Betal; MB2=Magnivolts Beta2; PK AD=Peak
Amplitude Delta; PKAT=Peak Amplitude Theta

[0086] FIG. 4 shows the QEEG correlates during the input
task with reading memory for non-clinical children. The fig-
ure shows the importance of PA, PKFB2, RPB1, RPB2, and
left posterior PKAB1 & MBI1. Negative correlates involve
RPD, FPU (PD), right posterior RPT and Fp2 CB2.

FIG. 4

Reading QEEG Correlates for Group B (all
Non-Clinical Children)

Insert FIG. 4

CT=Coherence Theta; CA=Coherence Alpha;
CB2=Coherence Beta2; PD=Phase Delta; PA=Phase
Alpha; RPD=Relative Power Delta; RPT=Relative
Power Theta; RPB1=Relative Power Betal;
RPB2=Relative Power Beta2; MB1=Magnivolts
Betal; PKFB2=Peak Frequency Beta2;
PKAB1=Peak Amplitude Betal

[0087] FIG. 5 shows the QEEG correlates during reading
with the total reading score for the non-clinical adolescent
and adult group (Group C). As the figure indicates the signifi-
cant predictors involve the FPU (CA, CBI1, PB1, PB2), F7
CBI1 & CB2 and all locations for RPA. Variables negatively
associated with performance involve RPB2, PKAB2 and T4
CT.

FIG.S§

QEEG Correlates for Group C (Non-Clinical
Adolescents and Adults During Input Reading Task)

Insert FIG. 5

CT=Coherence Theta; CA=Coherence Alpha;
CB1=Coherence Betal ; PB1=Phase Betal;
PB2=Phase Beta2; RPA=Relative Power Alpha;
RPB2=Relative Power Beta2; PK AB2=Peak
Amplitude Beta2

[0088] FIG. 6 shows the QEEG correlates with reading
recall during the immediate recall in Group A. As the figure
indicates the FPU (CA, CB1, PA, PB1), CPU (CA, PB1) and
all locations for RPA along with flashlight activity involving
CA from F7 & F8 and F8 (CB1, PB1) are the main contribu-
tors to performance. The negative relations involve theta vari-
ables (PKAT, MT, RPT) and beta2 (RPB2, MB2, PKAB2)
and T6PA.
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FIG. 6

QEEG Correlates for all Subjects (Group A) During
Immediate Reading Recall Task

Insert F1G. 6

CA=Coherence Alpha; CB1=Coherence Betal;
PA=Phase Alpha; PB1=Phase Betal; RPT=Relative
Power Theta; RPA=Relative Power Alpha;
RPB2=Relative Power Beta2; MT=Magnivolts
Theta; MB2=Magnivolts Beta2; PKAT=Peak
Amplitude Theta; PKAB2=Peak Amplitude Beta2

[0089] FIG. 7 shows the QEEG correlations with perfor-
mance during the immediate reading recall task for Group B
(non-clinical children). The figure indicates the sole signifi-
cant positive predictor involving posterior RPB1, while theta
(RPT, PKAT), PPU (CT), T6CT, Fp2CB2 and T6PA had
negative influences.

FIG. 7

QEEG Correlates for Non-Clinical Children (Group
B) During Immediate Reading Recall Task

Insert F1G. 7

CT=Coherence Theta; CB2=Coherence Beta2;
PA=Phase Alpha; RPT=Relative Power Theta;
RPB1=Relative Power Betal; PKAT=Peak
Amplitude Theta

[0090] FIG. 8 shows the QEEG correlates with reading
recall performance during the imniediate recall task. As the
figure indicates the FPU (CA) was the sole determinant of
performance while negative influences involve PPU (PBI,
PB2), fCPU (PA) and flashlight involving PB1 (Fp1, T6) and
Fp2 (PD).

FIG. 8

QEEG Correlates for Non-Clinical Adolescents and
Adults (Group C) During Immediate Reading Recall
Task

Insert F1G. 8

CA=Coherence Alpha; PD=Phase Delta; PA=Phase
Alpha; PB1=Phase Betal; PB2=Phase Beta2

[0091] FIG. 9 shows the QEEG correlates of delayed read-
ing recall for Group A (all participants). The figure shows
diffuse SCC and phase involvement involving the delta to
betal frequencies, with a dominant flashlight pattern of CA
and PT and a dominant left hemisphere involvement of CB1
and PB1. The positive arousal variable is RPA while the
negative indicators involve all locations for the lower fre-
quencies (0-8 Hz), PKAB1, PKAB2, & MB2. Additional
negatively related to performance variables involve frontal
beta activity (MB1), central/posterior RPD & RPT and right
frontal RPB2.
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FIG.9

QEEG Correlates for all Participants (Group A)
During Delayed Reading Recall Task

Insert FIG. 9

CD=Coherence Delta; CT=Coherence Theta;
CA=Coherence Alpha; CB1=Coherence Betal;
CB2=Coherence Beta2; PD=Phase Delta; PT=Phase
Theta; PA=Phase Alpha; PB1=Phase Betal;
PB2=Phase Beta2; RPD=Relative Power Delta;
RPT=Relative Power Theta; RPA; Relative Power
Alpha; RPB1=Relative Power Betal ;
RPB2=Relative Power Beta2; MD=Magnivolts
Delta; MT=Magnivolts Theta; MA=Magnivolts
Alpha; MB1=Magnivolts Betal; MB2=Magnivolts
Beta2; PKFD=Peak Frequency Delta; PKFT=Peak
Frequency Theta; PKFA=Peak Frequency Alpha;
PKFB1=Peak Frequency Betal; PKFB2=Peak
Frequency Beta2; PK AD=Peak Amplitude Delta;
PKAT=Peak Amplitude Theta; PKAA=Peak
Amplitude Alpha; PKAB1=Peak Amplitude Betal;
PKAB2=Peak Amplitude Beta2

[0092] FIG. 10 shows the QEEG correlates with the
delayed reading memory score during the delayed recall read-
ing task for Group B. The figure indicates positive involve-
ment of central/posterior MB1, MB2, PKAB2, all locations
for RPB2, right posterior PKFA and right frontal PKFB2. The
variables negatively related to performance involve left hemi-
sphere locations for RPD and the CT flashlight from F8.

FIG. 10

QEEG Correlates for Non-Clinical Children (Group
B) During Delayed Reading Recall Task

Insert FIG. 10

CD=Coherence Delta; CT=Coherence Theta;
CA=Coherence Alpha; CB1=Coherence Betal ;
CB2=Coherence Beta2; PD=Phase Delta; PT=Phase
Theta; PA=Phase Alpha; PB1=Phase Betal;
PB2=Phase Beta2; RPD=Relative Power Delta;
RPT=Relative Power Theta; RPA; Relative Power
Alpha; RPB1=Relative Power Betal ;
RPB2=Relative Power Beta2; MD=Magnivolts
Delta; MT=Magnivolts Theta; MA=Magnivolts
Alpha,; MB1=Magnivolts Betal; MB2=Magnivolts
Beta2; PKFD=Peak Frequency Delta; PKFT=Peak
Frequency Theta; PKFA=Peak Frequency Alpha;
PKFB1=Peak Frequency Betal; PKFB2=Peak
Frequency Beta2; PKAD=Peak Amplitude Delta;
PKAT=Peak Amplitude Theta; PKAA=Peak
Amplitude Alpha; PK AB1=Peak Amplitude Betal;
PKAB2=Peak Amplitude Beta2

[0093] FIG. 11 shows the QEEG correlates with the
delayed reading memory score (Group C) during the task.
The figure indicates positive relations with memory for all
locations of PKAA, right posterior PKFD and central/poste-
rior MT, MA, & PKAT. The variables negatively related to
performance were the posterior processing unit (CB1, PBI,
PB2), frontal CPU (PA), flashlight activity from T6 (CB1,
CB2, PB2) and PB1 flashlights involving T4, T6, & 02.
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FIG. 11

QEEG Correlates for Non-Clinical Adolescents and
Adults (Group C) During Delayed Reading Recall
Task

Insert FIG. 11

CD=Coherence Delta; CT=Coherence Theta;
CA=Coherence Alpha; CB1=Coherence Betal ;
CB2=Coherence Beta2; PD=Phase Delta; PT=Phase
Theta; PA=Phase Alpha; PB1=Phase Betal;
PB2=Phase Beta2; RPD=Relative Power Delta;
RPT=Relative Power Theta; RPA; Relative Power
Alpha; RPB1=Relative Power Betal ;
RPB2=Relative Power Beta2; MD=Magnivolts
Delta; MT=Magnivolts Theta; MA=Magnivolts
Alpha; MB1=Magnivolts Betal; MB2=Magnivolts
Beta2; PKFD=Peak Frequency Delta; PKFT=Peak
Frequency Theta; PKFA=Peak Frequency Alpha;
PKFB1=Peak Frequency Betal; PKFB2=Peak
Frequency Beta2; PKAD=Peak Amplitude Delta;
PKAT=Peak Amplitude Theta; PKAA=Peak
Amplitude Alpha; PKAB1=Peak Amplitude Betal;
PKAB2=Peak Amplitude Beta2

Task Methodology—Auditory Memory

[0094] The auditory memory task involved the participant
listening to 4 stories presented on a CD. They were instructed
to close their eyes and listen to the story and try and memorize
the story as it was presented (~50 seconds). The participants
were then instructed to keep their eyes closed and recall the
story to themselves (~40 seconds), and then open their eyes
and tell the examiner what they recalled, at which point a
memory score was obtained. Approximately 15-20 minutes
later they were asked to close their eyes and recall the 4 stories
that they heard. Following this task, the subjects were
requested to tell the examiner what they recalled during the
quiet recall period, and a delayed memory score was
obtained.

[0095] FIG. 12 shows the QEEG correlates with auditory
memory for Group A during the listening input condition. The
figure shows SCC and phase involvement across the 0-32 Hz
frequencies involving all locations and arousal variables
involving relative power of betal and beta2 and PKABI.
QEEG variables negatively related to performance involve
the lower frequencies (delta, theta) as well as MA, MBI,
MB2, PKFB2.

FIG. 12

QEEG Correlates for all (Group A) During Auditory
Memory Task—Input Condition

Insert FIG. 12

CD=Coherence Delta; CT=Coherence Theta;
CA=Coherence Alpha; CB1=Coherence Betal ;
PD=Phase Delta; PT=Phase Theta, PA=Phase Alpha;
PB1=Phase Betal ; RPD=Relative Power Delta;
RPT=Relative Power Theta; RPB1=Relative Power
Betal; RPB2=Relative Power Beta2;
MD=Magnivolts Delta; MT=Magnivolts Theta;
MA=Magnivolts Alpha; MB1=Magnivolts Betal;
MB2=Magnivolts Beta2; PKFB2=Peak Frequency
Beta2; PKAD=Peak Amplitude Delta; PKAB1=Peak
Amplitude Betal

[0096] FIG. 13 shows the QEEG correlations for Group B
during the listening task for the non-clinical child group. The



US 2016/0220141 Al

figure indicates significant positive involvement of RPA,
RPBI1, PKFA and fCPU (PA) and negative effects of all loca-
tions (RPD, RPT, PKAD), right hemisphere CB1 and PB1
activity and flashlight activity involving CB1 (T3, T4, T6),
CB2 (T4), PB1 (T4, T6, 02, 01) and PB2 (T4, 02).

FIG. 13

QEEG Correlates for Children (Group B) During
Auditory Memory Task Input Condition

Insert FIG. 13

CB1=Coherence Betal; CB2=Coherence
Beta2PA=Phase Alpha; PB1=Phase Betal;
PB2=Phase Beta2; RPD=Relative Power Delta;
RPT=Relative Power Theta; RPA=Relative Power
Alpha; RPB1=Relative Power Betal; PKFA=Peak
Frequency Alpha; PKAD=Peak Amplitude Delta

[0097] FIG. 14 shows the QEEG correlates with auditory
memory for Group C during the input condition. The figure
indicates all locations for PKFB1, central/posterior RPD,
CPU (CA, PB1) and fCPU (CB2, PD, PA), left hemisphere
PD and flashlight activity from T3 (CD), F7 (PD), T3 (PT)
involvement in successful memory. The variables negatively
related to performance involve frontal PKFB2, FPU (CBI,
PB1), PPU (CA, CB1), right hemisphere CB1 and all lateral
flashlight locations for CB1.

FIG. 14

QEEG Correlates for Adolescents and Adults (Group
C) During Auditory Memory Task—Input Condition

Insert FIG. 14

CD=Coherence Delta; CA=Coherence Alpha;
CB1=Coherence Betal ; CB2=Coherence Beta2;
PD=Phase Delta; PT=Phase Theta; PA=Phase Alpha;
PB1=Phase Betal ; RPD=Relative Power Delta;
PKFB1=Peak Frequency Betal; PKFB2=Peak
Frequency Beta2

[0098] FIG. 15 shows the QEEG correlates with perfor-
mance for Group A during the auditory immediate recall
period. The figure shows diffuse involvement of SCC and
phase relations (0-32 Hz), all locations for RPB1, RPB2 and
PKFA and flashlight activity from all locations involving
SCC relations (0-13 Hz) and phase relations (0-32 Hz). The
QEEG variables negatively related to performance involve
right hemisphere flashlight activity involving CB2 and PB2
and all locations for variables involving delta and theta as well
as alpha (PKA, MA), betal (PKA, MB1) and beta2 (PKAB2,
MB2).
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FIG. 15

QEEG Correlates for all (Group A) During Auditory
Immediate Recall

Insert FIG. 15

CD=Coherence Delta; CT=Coherence Theta;
CA=Coherence Alpha; CB1=Coherence Betal;
CB2=Coherence Beta2; PD=Phase Delta; PT=Phase
Theta; PA=Phase Alpha; PB1=Phase Betal;
PB2=Phase Beta2; RPD=Relative Power Delta;
RPT=Relative Power Theta; RPB1=Relative Power
Betal; RPB2=Relative Power Beta2;
MD=Magnivolts Delta, MT=Magnivolts Theta;
MA=Magnivolts Alpha; MB1=Magnivolts Betal;
MB2=Magnivolts Beta2; PKFA=Peak Frequency
Alpha; PKAD=Peak Amplitude Delta; PR AT=Peak
Amplitude Theta; PKAA=Peak Amplitude Alpha;
PKAB1=Peak Amplitude Betal ; PKAB2=Peak
Amplitude Beta2

[0099] FIG. 16 shows the QEEG correlates with memory
during the immediate recall task for Group B. The figure
indicates all locations for RPA, RPB1, PKFA, central/poste-
rior PKABI and FPU (PA) and fCPU (PA). The variable
negatively related to performance involve all locations for
RPD, RPT, PKAD, MD, PB2 (CPU, PPU, right hemisphere,
right hemisphere flashlight activity) and frontal CT (Fpl,
Fp2, F8).

FIG. 16

QEEG Correlates for Children (Group B) During
Auditory Immediate Recall

Insert FIG. 16

CT=Coherence Theta; PB2=Phase Beta2;
RPD=Relative Power Delta; RPT=Relative Power
Theta; RPA=Relative Power Alpha; RPB1=Relative
Power Betal; MD=Magnivolts Delta; PKFA=Peak
Frequency Alpha; PRKAD=Peak Amplitude Delta;
PKAB1=Peak Amplitude Betal

[0100] FIG. 17 shows the QEEG correlates for Group C
during the auditory immediate recall task. The figure indi-
cates FPU (PD, PT), CPU (PD), fCPU (CD, PA, PA), left
hemisphere PD, left hemisphere RPT and flashlight activity
from the left hemisphere (PD-F7, T3; PT-T3). The variables
negatively related to performance involve frontal PKFB2,
FPU (CBI1), PPU (CA, CB1), right hemisphere CB1 and
flashlight activity involving CB1 in right hemisphere poste-
rior locations.

FIG. 17

QEEG Correlates for Adolescents and Adults (Group
C) During Auditory Immediate Recall

Insert FIG. 17

CD=Coherence Delta; CA=Coherence Alpha;
CB1=Coherence Betal ; PD=Phase Delta; PT=Phase
Theta; PA=Phase Alpha; RPT=Relative Power Theta;
PKFB2=Peak Frequency Beta2

[0101] FIG. 18 shows the QEEG correlates of delayed audi-
tory recall for all participants (Group A). The figure indicates
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that the positive correlates involve diffuse SCC and phase
relations involving 0-32 Hz, a left hemisphere dominant pat-
tern involving CA, CBI1, PA, & PBI, and diffuse flashlight
activity involving the 0-32 Hz frequencies (mostly phase
relations). The QEEG variables negatively related to perfor-
mance include the lower frequencies (0-8 Hz), magnitude and
peak amplitude values for all the frequencies as well as the
flashlight activity (CB2) from T4.

FIG. 18

QEEG Correlates for all Participants (Group A)
During Delayed Auditory Memory Recall Task

Insert FIG. 18

CD=Coherence Delta; CT=Coherence Theta;
CA=Coherence Alpha; CB1=Coherence Betal ;
CB2=Coherence Beta2; PD=Phase Delta; PT=Phase
Theta; PA=Phase Alpha; PB1=Phase Betal;
PB2=Phase Beta2; RPD=Relative Power Delta;
RPT=Relative Power Theta; RPA; Relative Power
Alpha; RPB1=Relative Power Betal ;
RPB2=Relative Power Beta2; MD=Magnivolts
Delta; MT=Magnivolts Theta; MA=Magnivolts
Alpha; MB1=Magnivolts Betal; MB2=Magnivolts
Beta2; PKFD=Peak Frequency Delta; PKFT=Peak
Frequency Theta; PKFA=Peak Frequency Alpha;
PKFB1=Peak Frequency Betal; PKFB2=Peak
Frequency Beta2; PKAD=Peak Amplitude Delta;
PKAT=Peak Amplitude Theta; PKAA=Peak
Amplitude Alpha; PKAB1=Peak Amplitude Betal;
PKAB2=Peak Amplitude Beta2

[0102] FIG. 19 shows the QEEG correlates of delayed
recall for the non-clinical children’s group (B). The QEEG
variables which were positively related to performance
involve all locations for PKFA, FPU (CD), CPU (CD, PD,
PA) and left hemisphere RPB1. Variables negatively related
to performance involve all locations for RPT, PKAT, MT,
right frontal RPD and a negative flashlight activity from T4
(CBI).

FIG. 19

QEEG Correlates for Non-Clinical Children (Group
B) During Delayed Auditory Memory Recall Task

Insert FIG. 19

CD=Coherence Delta; CT=Coherence Theta;
CA=Coherence Alpha; CB1=Coherence Betal ;
CB2=Coherence Beta2; PD=Phase Delta; PT=Phase
Theta; PA=Phase Alpha; PB1=Phase Betal;
PB2=Phase Beta2; RPD=Relative Power Delta;
RPT=Relative Power Theta; RPA; Relative Power
Alpha; RPB1=Relative Power Betal;
RPB2=Relative Power Beta2; MD=Magnivolts
Delta; MT=Magnivolts Theta; MA=Magnivolts
Alpha; MB1=Magnivolts Betal; MB2=Magnivolts
Beta2; PKFD=Peak Frequency Delta; PKFT=Peak
Frequency Theta; PKFA=Peak Frequency Alpha;
PKFB1=Peak Frequency Betal; PKFB2=Peak
Frequency Beta2; PKAD=Peak Amplitude Delta;
PKAT=Peak Amplitude Theta; PKAA=Peak
Amplitude Alpha; PKAB1=Peak Amplitude Betal;
PKAB2=Peak Amplitude Beta2

[0103] FIG.20 shows the QEEG correlates of delayed audi-
tory recall for non-clinical adolescents and adults (Group C).
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The figure shows the positive QEEG correlates involve CPU
(CB2, PB1), frontal CPU (CB2, PA) and flashlight activity
from {7 (CD, PB1). Flashlight activity from T4 (CB2, PB2)
were a negative influence on performance.

FIG. 20

QEEG Correlates for Non-Clinical Adolescents &
Adults (Group C) During Delayed Auditory Memory
Recall Task

Insert FIG. 20

CD=Coherence Delta; CT=Coherence Theta;
CA=Coherence Alpha; CB1=Coherence Betal;
CB2=Coherence Beta2; PD=Phase Delta; PT=Phase
Theta; PA=Phase Alpha; PB1=Phase Betal;
PB2=Phase Beta2; RPD=Relative Power Delta;
RPT=Relative Power Theta; RPA; Relative Power
Alpha; RPB1=Relative Power Betal;
RPB2=Relative Power Beta2; MD=Magnivolts
Delta; MT=Magnivolts Theta; MA=Magnivolts
Alpha; MB1=Magnivolts Betal ; MB2=Magnivolts
Beta2; PKFD=Peak Frequency Delta; PKFT=Peak
Frequency Theta; PKFA=Peak Frequency Alpha;
PKFB1=Peak Frequency Betal; PKFB2=Peak
Frequency Beta2; PKAD=Peak Amplitude Delta;
PKAT=Peak Amplitude Theta; PKAA=Peak
Amplitude Alpha; PKAB1=Peak Amplitude Betal;
PKAB2=Peak Amplitude Beta2

Task Methodology—Problem Solving/Ravens Matrices

[0104] Eleven items from the Ravens matrices were
employed (D & E series). The participants were instructed on
the nature of the problems with a warm up example. The score
was based upon whether they obtained a correct response on
the first guess. Due to the high number of artifacts resulting
from the task, the goal was to obtain 400-500 epochs of data.
[0105] FIG. 21 shows the QEEG correlates with perfor-
mance for Group C (non-clinical adolescents and adults). The
figure indicates FPU (CA), left hemisphere CA, flashlight
activity from F7 (CA, PA, PB1, PB2), F8 (CB1) and CA (F8,
T3,T6) involvement in successful performance. Additionally,
all locations for the variables of PKAD, PKAA, PKT, MD, &
MA, right frontal RPA, left posterior M T and PK AT and right
posterior RPB2, PKAB2 and PKFB1 were determinants of
successful performance. The QEEG variable which as nega-
tively associated with performance involve all locations for
PKFA.

FIG. 21

QEEG Correlates for Adolescents and Adults (Group
C) During Ravens Progressive Matrices

Insert FIG. 21

CA=Coherence Alpha; CB1=Coherence Betal;
PA=Phase Alpha; PB1=Phase Betal; PB2=Phase
Beta2; RPB2=Relative Power Beta2;
MD=Magnivolts Delta; MT=Magnivolts Theta;
MA=Magnivolts Alpha; PKFT=Peak Frequency
Theta; PKFA=Peak Frequency Alpha; PKFB1=Peak
Frequency Betal; PKAD=Peak Amplitude Delta;
PKAA=Peak Amplitude Alpha; PKAB2=Peak
Amplitude Beta2

[0106] FIG. 22 shows the QEEG correlates for Group B
(non-clinical children) and performance. The sole variable
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positively related to performance was central/posterior
RPB1. The variables negatively related to performance
involve all locations for PK AT, central/posterior locations for
RPT, MT, left frontal MT, CPU (CT), and F7 (PT).

FIG. 22

QEEG Correlates for Children (Group B) During
Ravens Progressive Matrices

Insert FIG. 22

CT=Coherence Theta; PT=Phase Theta;
RPT=Relative Power Theta; RPB1=Relative Power
Betal; MT=Magnivolts Theta; PKFD=Peak
Frequency Delta; PKFT=Peak Frequency Theta;
PKAT=Peak Amplitude Theta

[0107]

1. A method for improving reading memory by engaging a
subject in a combined cognitive and electrophysiological
assessment of how a mind responds to a reading task to
ascertain a subject’s values on the negative and positive quan-
titative EEG (QEEG) correlates of reading memory involving
the input, immediate and delayed recall tasks, the method
comprising of; exposing the subject to a reading memory
task; attaching an electro-cap on the head; measuring QEEG
brain variables in 19 locations comprising of coherence,
phase, relative power, peak frequency, peak amplitudes, mag-
nitudes of 5 frequencies comprised of 0-4 Hz, 4-8 Hz, 8-13
Hz, 13-32 Hz, & 32-64 Hz during the task; recording the
QEEG measurements and memory measures; converting the
subject’s QEEG data obtained during the recording into an
ASCII file; importing the QEEG data into a statistical com-
puter analysis program loaded on a computer; examining the
subject’s QEEG data during the reading task with the QEEG
correlates of performance in one of the following relevant
databases that the subject is a member of group A) all partici-
pants, B) non-clinical children, or C) non-clinical adolescents
and adults; the subject’s data is analyzed for deviation from
the average values on the variables which are linearly related
(positively and negatively) to performance in the relevant
database; when the subject’s values on the positively related
QEEG variables are below the average value in the relevant
database then EEG biofeedback protocols are employed to
increase the value of that variable to the average (or above)
value represented in the database, as the linear relationship
between the QEEG variables and performance indicate that a
higher value is related to higher performance; when the sub-
ject’s values on the negatively related QEEG variables are
above the average value in the relevant database then EEG
biofeedback protocols are employed to decrease the value of
that variable to the point of being the average (or below) value
in the relevant database, as the linear relationship between the
negatively related QEEG variables and performance indicate
that a higher value is related to lower performance.

2. A method for improving auditory memory by engaging
a subject in a combined cognitive and electrophysiological
assessment of how a mind responds to an auditory memory
task to ascertain a subject’s values on the negative and posi-
tive quantitative EEG (QEEG) correlates of auditory memory
involving the input, immediate and delayed recall tasks, the
method comprising of; exposing the subject to an auditory
memory task; attaching an electro-cap on the head; measur-
ing QEEG brain variables in 19 locations comprising of
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coherence, phase, relative power, peak frequency, peak
amplitudes, magnitudes of 5 frequencies comprised of 0-4
Hz, 4-8 Hz, 8-13 Hz, 13-32 Hz, & 32-64 Hz during the task;
recording the QEEG measurements and memory measures;
converting the subject’s QEEG data obtained during the
recording into an ASCII file; importing the QEEG data into a
statistical computer analysis program loaded on a computer;
examining the subject’s QEEG data during the reading task
with the QEEG correlates of performance in one of the fol-
lowing relevant databases that the subject is a member of
group A) all participants, B) non-clinical children, or C) non-
clinical adolescents and adults; the subject’s data is analyzed
for deviation from the average values on the variables which
are linearly related (positively and negatively) to performance
in the relevant database; when the subject’s values on the
positively related QEEG variables are below the average
value in the relevant database then EEG biofeedback proto-
cols are employed to increase the value of that variable to the
average (or above) value represented in the database, as the
linear relationship between the QEEG variables and perfor-
mance indicate that a higher value is related to higher perfor-
mance; when the subject’s values on the negatively related
QEEG variables are above the average value in the relevant
database then EEG biofeedback protocols are employed to
decrease the value of that variable to the point of being the
average (or below) value in the relevant database, as the linear
relationship between the negatively related QEEG variables
and performance indicate that a higher value is related to
lower performance.

3. A method for improving problem solving ability by
engaging a subject in a combined cognitive and electrophysi-
ological assessment of how a mind responds to a problem
solving task to ascertain a subject’s values on the negative and
positive quantitative EEG (QEEG) correlates of problem
solving during the task, the method comprising of; exposing
the subject to a problem solving task; attaching an electro-cap
on the head; measuring QEEG brain variables in 19 locations
comprising of coherence, phase, relative power, peak fre-
quency, peak amplitudes, magnitudes of 5 frequencies com-
prised of 0-4 Hz, 4-8 Hz, 8-13 Hz, 13-32 Hz, & 32-64 Hz
during the task; recording the QEEG measurements and prob-
lem solving measures; converting the subject’s QEEG data
obtained during the recording into an ASCII file; importing
the QEEG data into a statistical computer analysis program
loaded on a computer; examining the subject’s QEEG data
during the reading task with the QEEG correlates of perfor-
mance in one of the following relevant databases that the
subject is a member of group A) all participants, B) non-
clinical children, or C) non-clinical adolescents and adults;
the subject’s data is analyzed for deviation from the average
values on the variables which are linearly related (positively
and negatively) to performance in the relevant database; when
the subject’s values on the positively related QEEG variables
are below theaverage value in the relevant database then EEG
biofeedback protocols are employed to increase the value of
that variable to the average (or above) value represented in the
database, as the linear relationship between the QEEG vari-
ables and performance indicate that a higher value is related
to higher performance; when the subject’s values on the nega-
tively related QEEG variables are above the average value in
the relevant database then EEG biofeedback protocols are
employed to decrease the value of that variable to the point of
being the average (or below) value in the relevant database, as



US 2016/0220141 Al
11

the linear relationship between the negatively related QEEG
variables and performance indicate that a higher value is
related to lower performance.
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