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METHOD, APPARATUS, AND COMPUTER

PROGRAM PRODUCT FOR STOCHASTIC

PSYCHO-PHYSIOLOGICAL ASSESSMENT
OF ATTENTIONAL IMPAIRMENTS

CROSS-REFERENCES TO RELATED
APPLICATIONS

[0001] Thepresent invention claims priority from U.S. Pro-
visional Patent Application Ser. No. 60/554,113 filed Mar.
18,2004, entitled “Method, Apparatus, and Computer Pro-
gram Product for Stochastic Psychophysiological Assess-
ment of ADHD,” the disclosure of which is hereby incorpo-
rated by reference herein in its entirety.

[0002] The present application is also related to PCT Inter-
national Application No. PCT/US02/14188, filed May 6,
2002, entitled “Method, Apparatus, and Computer Program
Product for Assessment of Attentional Impairments,” and
corresponding U.S. patent application Ser. No. 10/476,826,
filed Nov. 3, 2003, of which are both assigned to the present
assignee and are both hereby incorporated by reference
herein in their entirety. The present invention may be imple-
mented with the technology discussed throughout the Inter-
national Application No. PCT/US02/14188 and U.S. appli-
cation Ser. No. 10/476,826.

FIELD OF THE INVENTION

[0003] The present invention relates to the assessment of
individuals with attentional impairments, and more particu-
larly the performance of meta-analysis of data obtained using
disparate assessment instruments for attentional impairment.

BACKGROUND OF THE INVENTION

[0004] Impairments in cognitive ability and attention are
pervasive and potentially debilitating components of many
disorders, conditions, injuries and diseases, including mild
cognitive impairment (MCI) in persons with pre-dementia,
dementia, dementia with Lewy bodies, Alzheimer’s Disease,
traumatic brain injury, Attention Deficit/Hyperactivity Disor-
der (ADHD), and cognitive/attentional declines associated
with chronic diseases such as diabetes, cardiovascular dis-
ease, and HIV infection [1, 2, 3, 4, 5, 6, 7, 8]. Most of these
disorders are assumed to be pathology-based and therefore
amenable to intervention, especially if diagnosed early.
[0005] ADHD is one of multiple disorders associated with
impairments in attention. Although this document may par-
ticularly identify attentional disorders associated with
ADHD, the various embodiments of the present invention
shall be applied to any disorder with associated attentional
impairments. With respect to dementia, recent research and a
review of the literature conclude that the frequency of post
stroke dementia and cognitive decline varied sharply when
different systems of diagnostic classification and methods
were used [ 10]. Furthermore, recent findings support the need
for validation not only of the criteria, but also the need for
validated measures to diagnosis dementia and cognitive
impairment post stroke [10, 11, 12], and Alzheimer’s disease
[13]. In addition, cognitive abnormalities commonly occur in
patients with HIV infection [14]. Among otherwise healthy
HIV-positive patients, cognitive deficits are thought to be
infrequent [15], but some investigators suggest that more
sensitive measures may be needed to detect the mild cognitive
decline during the asymptomatic stage [16].
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[0006] The hallmarks of ADHD are hyperactivity, impul-
sivity, and an inability to sustain attention. The DSM-IV
distinguishes three types: predominantly inattentive type,
predominantly hyperactive-impulsive type, and combined
type. In addition to the core clinical symptoms of ADHD,
high levels of co-morbidity have been found with learning,
oppositional defiant, conduct, mood, and anxiety disorders.
Furthermore, it is estimated that the majority of children
diagnosed with ADHD exhibit significant behavioral prob-
lems during adolescence and manifest continuing functional
deficits and psychopathology into adulthood. One real-life
consequence of ADHD is a five-fold increase in automobile
crashes [21].

[0007] Early diagnosis and treatment of Alzheimer’s dis-
ease, dementia, and additional progressive disorders associ-
ated with attentional impairment is especially important
because patients with early stages of dementia may show
reversal of their cognitive deficits and neurochemistry abnor-
malities after treatment [8].

[0008] There are numerous disorders and diseases associ-
ated with impairment of attention and cognitive functioning,
however, the diagnosis and quantification of impairment of
attention in any disease or disorder is typically difficult. Some
examples include: attentional impairments associated with
ADHD, HIV infection, Alzheimer’s Disease, cardiovascular
disease, diabetes, and dementia.

[0009] With respect to ADHD, the DSM-IV [17] states
“The essential features of ADHD are a persistent pattern of
inattention and/or hyperactivity-impulsivity that is more fre-
quent and severe than is typically observed in individuals in a
comparable level of development.” Evidence of six of nine
inattentive behaviors and/or six of nine hyperactive-impul-
sive behaviors must have been present before age seven, and
must clearly interfere with social, academic and/or occupa-
tional functioning. Consequently, the diagnosis of ADHD is
highly dependent on a retrospective report of a patient’s past
behavior and subjective judgments on degree of relative
impairment. Due to the subjective nature of assessment, pre-
cision in diagnosis has been elusive. ADHD is complex and
influences all aspects of a person’s life. It can co-exist with
and/or mimic a variety of health, emotional, learning, cogni-
tive, and language problems. An appropriate, comprehensive
evaluation for ADHD includes a medical, educational, and
behavioral history, evidence of normal vision and hearing,
recognition of systemic illness, and a developmental survey.
The diagnosis of ADHD should never be made based exclu-
sively on rating scales, questionnaires, or tests [18].

[0010] Diagnosing ADHD presents a challenge to tradi-
tional assessment paradigms because there is no single
assessment tool or medical test that definitively establishes its
presence (See Hinshaw, S. P. (1994), “Attention Deficits and
Hyperactivity in Children,” Thousand Qaks, Calif., Sage, and
Penberthy, J. K., Cox, Breton, M., Robeva, R., Kalbfleisch,
M. L., Loboschefski T., Kovatchev, B. (2005), “Calibration of
ADHD Assessments Across Studies: A Meta-Analysis Tool,”
Applied Psychophysiology and Biofeedback, Vol. 30, No. 1,
pp 31-51, of which are hereby incorporated by reference
herein in their entirety). Instead, there are multiple tests of
varying design, each of which has its own administration,
scoring system, and diagnostic criteria. Unfortunately, none
of these individual assessments has proven to be 100 percent
accurate in diagnosing ADHD. This is to be expected, how-
ever, since ADHD is considered to be a physiologically-based
disorder with a multi-factorial etiology that includes neuro-
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biology as an important factor, and would not be easily clas-
sified by only one assessment tool. In fact, the reliability of
the ADHD diagnosis based on one method or test alone is
quite low, and lower still when chance agreement is consid-
ered. For example, previous research has found 78 percent
agreement between a structured interview and a discharge
diagnosis of ADHD (See Welner, Z., Reich, W., Herjanic, B.,
Jung, K. G. (1987), “Reliability, Validity, and Parent-child
Agreement Studies of the Diagnostic Interview for Children
and Adolescents (DICA),” Journal of the American Academy
of Child and Adolescent Psychiatry, 26(5), 649-653, of which
is hereby incorporated by reference herein in it’s entirety) and
70 to 80 percent accuracy (with considerable variation
depending on age range) of laboratory measures of attention
in correctly predicting an ADHD diagnosis (See Fischer, M.,
Newby, R. F., Gordon, M. (1995), “Who are the False Nega-
tives on Continuous Performance Tests?”, Journal of Clinical
Child Psychology, 24, 427-433, of which is hereby incorpo-
rated by reference herein in it’s entirety).

[0011] Of even greater importance, there is currently no
uniform methodology for calibrating or standardizing the
multiple disparate ADHD assessment tools currently avail-
able for clinicians and researchers.

[0012] What is needed is a methodology for producing a
single result from disparate assessments and tests in order to
not only provide a more accurate diagnosis, but to also enable
the combination of multiple studies of ADHD assessments,
thus increasing the sample size and providing more power,
generalizability, and possibilities for cross-sectional com-
parisons. Such a procedure would be especially useful in
situations such as diagnosing ADHD, when there is no single
conclusive assessment but rather a number of imperfect tests
that marginally address the outcome of interest, and where
researchers may have multiple related tests performed on a
single subject which they wish to combine into a more com-
prehensive assessment of the individual.

BRIEF SUMMARY OF INVENTION

[0013] Various embodiments of the present invention
relates to the performance of meta-analysis of data obtained
from disparate assessment instruments based on calibration
of the data from such instruments into a single scale. This
related method and system could be applied to any instance
where one wishes to combine data from disparate assessment
instruments.

[0014] In particular, a first aspect of an embodiment of the
present invention is directed to a method, apparatus, and/or
computer program product for assessing individuals for dis-
orders associated with attentional impairments. The related
method comprises (a) obtaining scores from two or more
assessment instruments for attentional impairment, con-
ducted on an individual, (b) calibrating the obtained scores by
standardizing the range of obtainable scores for each of the
instruments, and (c¢) operating upon the calibrated scores
using a computational procedure to produce a composite
result.

[0015] Another aspect of an embodiment of the present
invention is directed to a method, apparatus and/or computer
program product for assessing individuals for disorders asso-
ciated with attentional impairments, using scores obtained
from two or more assessment instruments conducted on an
individual. The related apparatus is a device configured to (a)
calibrate the obtained scores by standardizing the range of

Sep. 11,2008

obtainable scores for each of the instruments, and (b) perform
a computation procedure upon the calibrated scores to pro-
duce a composite result.

[0016] These aspects of the various embodiments of the
present invention can be integrated together to provide a
comprehensive, flexible, and effective diagnostic measure.
[0017] These and other objects, along with advantages and
features of the invention disclosed herein, will be made more
apparent from the description, drawings and claims that fol-
low.

BRIEF SUMMARY OF TEE DRAWINGS

[0018] The foregoing and other objects, features, and
advantages of the present invention, as well as the invention
itself, will be more fully understood from the following
description of the invention, when read together with the
accompanying drawings, in which:

[0019] FIG. 1 is a diagram of the general structure of an
embodiment of the present invention and its components.
[0020] FIG. 2 is a functional block diagram for an illustra-
tive computer system for implementation of the present
invention.

[0021] FIGS. 3(A)-(B) are graphical representations of the
standardization process for the WURS scale and the Consis-
tency Index (CI), respectively.

[0022] FIG. 4schematically illustrates the general structure
of the sequential assessment of ADHD of an embodiment of
he present invention.

[0023] FIG. 5 schematically presents an aspect of an
embodiment of the present invention process of increasing of
the precision of assessment along the steps of the Bayesian
model across all studies.

DETAILED DESCRIPTION OF THE INVENTION

[0024] A first aspect of an embodiment of the present
invention is directed to a method, apparatus, or computer
program product for assessing an individual for disorders
associated with attentional impairments.

[0025] The method comprises (1) obtaining the scores of
two or more assessment instruments for attentional impair-
ment by administering the instruments to an individual; (2)
calibrating the scores obtained from the assessment instru-
ments by standardizing the scores; and (3) operating upon the
calibrated scores using a computational procedure, producing
a composite result.

[0026] Theassessment instruments used canbe of any type,
including, but not limited to: demographic questionnaires,
behavioral checklists, psychometric tests, parent reports,
teacher rating forms, or EEG-based vigilance, attention, and
consistency measures. The EEG-based measures may include
among others the Consistency Index, Alpha Blockade Index,
or both.

[0027] The score calibration and standardization process
maps the scores from the assessmernt instruments to a particu-
lar range. The range is not limited by the invention and will be
chosen by one skilled in the art as appropriate to the particular
embodiment practiced. A typical standardization would map
the assessment instrument scores to conditional probabilities
ranging from zero to one.

[0028] The standardization process can further include, if
desirable, the mapping of indeterminate scores from the
assessment instruments to a particular score within the stan-
dardization range. For example, using the scale of conditional
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probabilities described above, an indeterminate result from
an assessment instrument could be mapped to a conditional
probability of 0.5. One skilled in the art will appreciate that
the range of scores from an assessment instrument constitut-
ing an indeterminate result can be adjusted as necessary to
achieve a particular likelihood of diagnostic error. The same
likelihood of diagnostic error, if applied to each of the dis-
parate assessment instruments, will produce a composite
result with a likelihood of diagnostic error lower than any of
the individual assessment instruments. The likelihood of
diagnostic error for the composite result can be controlled in
this manner. Some embodiments of the present invention may
use as the preset likelihood of error a likelihood of error
within the range 0f 0.01 to 0.1.

[0029] The final step in practicing the method taught by an
embodiment ofthe present invention is the operation upon the
calibrated scores using a computational procedure. The com-
putational procedure chosen might include, but is not limited
to, the following: a sequential Bayesian inference procedure,
computation of joint probability distribution, multiplication
of probabilities, logical expression, or a combination thereof.
[0030] Turning to FIG. 1, FIG. 1 schematically illustrates a
conceptual block diagram of an embodiment of the present
invention. In this diagram, SCORES are obtained from two or
more ASSESSMENT INSTRUMENTS, numbered one (1)
through N. This process is denoted OBTAINING SCORES
VIAINDIVIDUAL ASSESSMENT INSTRUMENTS and is
performed according to the method required by each indi-
vidual assessment instrument. The scores obtained are then
calibrated to produce CALIBRATED SCORES. This process
is denoted on the diagram CALIBRATION OF OBTAINED
SCORES and is described in detail below. Finally, a compu-
tational procedure is used to produce a COMPOSITE
RESULT from the calibrated scores. This process is denoted
OPERATION UPON OBTAINED SCORES VIA COMPU-
TATIONAL PROCEDURE, and is described in detail below,
[0031] Another aspect of an embodiment of the present
invention is an apparatus or computer program product
designed to perform the method described above. The appa-
ratus might be a microprocessor or other processing unit.
[0032] The method and apparatus of an embodiment of the
present invention (as discussed throughout this document)
may be implemented using hardware, software or a combi-
nation thereof and may be implemented in one or more com-
puter systems or other processing systems, or partially per-
formed in processing systems such as personal digit assistants
(PDAs). Inan example embodiment, the invention was imple-
mented in software running on a general-purpose computer
200 as illustrated in FIG. 2. Computer system 200 includes
one or more processors, such as processor 204. Processor 204
is connected to a communication infrastructure 206 (e.g., a
communications bus, crossover bar, or network). Computer
system 200 includes a display interface 202 that forwards
graphics, text, and other data from the communication infra-
structure 206 (or from a frame buffer not shown) for display
on the display unit 230.

[0033] Computer system 200 also includes a main memory
208, preferably random access memory (RAM), and may also
include a secondary memory 210. The secondary memory
210 may include, for example, a hard disk drive 212 and/or a
removable storage drive 214, representing a floppy disk drive,
a magnetic tape drive, an optical disk drive, etc. The remov-
able storage drive 214 reads from and/or writes to a remov-
able storage unit 218 in a well-known manner. Removable
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storage unit 218, represents a floppy disk, magnetic tape,
optical disk, etc. which is read by and written to by removable
storage drive 214. As will be appreciated, the removable
storage unit 218 includes a computer usable storage medium
having stored therein computer software and/or data.

[0034] Inalternative embodiments, secondary memory 210
may include other means for allowing computer programs or
other instructions to be loaded into computer system 200.
Such means may include, for example, a removable storage
unit 222 and an interface 220. Examples of such removable
storage units/interfaces include a program cartridge and car-
tridge interface (such as that found in video game devices), a
removable memory chip (such asa ROM, PROM, EPROM or
EEPROM) and associated socket, and other removable stor-
age units 222 and interfaces 220 which allow software and
data to be transferred from the removable storage unit 222 to
computer system 200.

[0035] Computer system 200 may also include a commu-
nications interface 224. Communications interface 224
allows software and data to be transferred between computer
system 200 and external devices. Examples of communica-
tions interface 224 may include a modem, a network interface
(such as an Bthernet card), a communications port, a PCM-
CIA slot and card, etc. Software and data transferred via
communications interface 224 are in the form of signals 228
which may be electronic, electromagnetic, optical or other
signals capable of being received by communications inter-
face 224. Signals 228 are provided to communications inter-
face 224 viaa communications path (i.e., channel) 226. Chan-
nel 226 carries signals 228 and may be implemented using
wire or cable, fiber optics, a phone line, a cellular phone link,
an RF link and other communications channels.

[0036] In this document, the terms “computer program
medium” and “computer usable medium” are used to genetr-
ally refer to media such as removable storage drive 214, a hard
disk installed in hard disk drive 212, and signals 228. These
computer program products are means for providing software
to computer system 200. The invention includes such com-
puter program products.

[0037] Computer programs (also called computer control
logic) are stored in main memory 208 and/or secondary
memory 210. Computer programs may also be received via
communications intetface 224. Such computer programs,
when executed, enable computer system 200 to perform the
features of the present invention as discussed herein. In par-
ticular, the computer programs, when executed, enable pro-
cessor 204 to perform the functions of the present invention.
Accordingly, such computer programs represent controllers
of computer system 200.

[0038] In an embodiment where the invention is imple-
mented using software, the software may be stored in a com-
puter program product and loaded into computer system 200
using removable storage drive 214, hard drive 212 or com-
munications interface 224. The control logic (software),
when executed by the processor 204, causes the processor
204 to perform the functions of the invention as described
herein.

[0039] In another embodiment, the invention is imple-
mented primarily in hardware using, for example, hardware
components such as application specific integrated circuits
(ASICs). Implementation of the hardware state machine to
perform the functions described herein will be apparent to
persons skilled in the relevant art(s).
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[0040] In yet another embodiment, the invention is imple-
mented using a combination of both hardware and software.
[0041] In an example software embodiment of the inven-
tion, the methods described above were implemented in Java,
but could be implemented in other program languages, such
as C++, that would be appreciated by those skilled in the art.
[0042] A fourth aspect of an embodiment of the present
invention is an apparatus designed to perform the calibration
and computation steps of the method described above, using
scores obtained from two or more assessment instruments for
attentional impairment, conducted on an individual. The
apparatus might be a microprocessor or other processing unit.
Any device capable of carrying out the mathematical manipu-
lation required by the method could be configured to perform
the steps. FIG. 2 is a block diagram of a representative com-
puter system that could be used to practice the invention.

EXAMPLES

[0043] Practice of various embodiments will be still more
fully understood from the following examples, which are
presented herein for illustration only and should not be con-
strued as limiting the invention in any way.

Example No. 1

Application of an Embodiment

[0044] The diagnosis of many mental health disorders can
be difficult and controversial to make, primarily because the
majority of diagnostic approaches to mental disorders are
based upon subjective reports of symptoms. Although almost
all mental disorders are considered to be manifestations of
biological, psychological, and environmental components
within one individual, all of these domains are rarely thor-
oughly assessed and simultaneously incorporated into the
diagnostic process. Even if all domains are assessed, the
evaluations often lead to incomplete or conflicting data or
“gray zones,” where the diagnosis is not clear, and where
clinicians are forced to make a dichotomous diagnosis, based
primarily upon their own subjective clinical judgment. This is
a particular problem when diagnosing ADHD, since no labo-
ratory or psychological test or battery is available that pro-
vides sufficient sensitivity and specificity of diagnosis. This
problem is made more urgent by the fact that early recogni-
tion, assessment, and management of this condition can redi-
rect the educational and psychosocial development of most
children with ADHD, thereby having a significant impact
upon the well-being of a child accurately diagnosed with
ADHD. Presented in this section is an exemplary embodi-
ment of the present invention, a probabilistic method using a
sequential Bayesian decision-making computational proce-
dure, which allows the results of multiple tests to produce a
single assessment that is more precise and with a smaller gray
zone of unclassified cases than its individual components.
The method is designed in a way that keeps the likelihood of
diagnostic error below a certain preset probability.
Obtaining Scores from Assessment Instruments

[0045] Various embodiments of the present invention
encompass the use of scores from two or more assessment
instruments, the use of which will be understood by one
skilled in the art. Information and details about the assess-
ments referenced in the herein-described embodiment of the
invention are listed below.

[0046] ADHD Symptom Inventory (ADHD-SI). The
ADHD-Symptom Inventory is an 18-item scale developed
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from DSM-IV criteria for ADHD and was introduced by Cox,
et al. (1999). The ADHD-SI has good test-retest reliability
(r=0.87, p<0.005). In addition, the ADHD-SI correlates
highly with the Hyperactivity Index of the Conners’ (r=0.72,
p=0.044), the Attention Problems subscale of the Achen-
bach’s Child Behavior Checklist (r=0.82, p=0.013), and the
Impulsivity-Hyperactivity subscale of the Conners’ (r=0.88,
p=0.004). Additionally, in previous research the ADHD-SI
discriminated between diagnostic status the most strongly
(t=3.7, p<0.01) among the four psychometrics with no over-
lap in scores (See Cox, D. 1., Kovatchev, B. P., Morris, I. B.,
Phillips, C., Hill, R., & Merkel, L. (1999), “Electroencepha-
lographic and Psychometric Differences Between Boys with
and without Attention-Deficit/Hyperactivity  Disorder
(ADHD): A Pilot Study,” Applied Psychophysiology and
Biofeedback, 23, 179-188, of which is hereby incorporated
by reference in it’s entirety; See Merkel, R. L., Cox, D. I.,
Kovatchev, B. P, Morris, J., Seward, R., Hill, R., & Reeve, R.
(2000), “The EEG Consistency Index as a Measure of Atten-
tion Deficit/Hyperactivity Disorder and Responsiveness to
Medication: A Double Blind Placebo Controlled Pilot Study,”
Applied Psychophysiology and Biofeedback, 25, 133-142),
of which is hereby incorporated by reference herein in its
entirety).

[0047] DuPaul AD/HD Rating Scale-1V Inattentive Type.
The AD/HD Rating Scale-IV is similar to the ADHD-SI, both
scales being developed independently and concurrently at
different laboratories. This rating scale has demonstrated
adequate reliability and validity (See DuPaul, G. I., Power T.
J., Anastopoulos, A. D., Reid, R. (1998), “ADHD Rating
Scale-IV Checklists, Norms, and Clinical Interpretation,”
New York: Guilford Press, of which is here by incorporated
by reference herein in its entirety). The scale items reflect the
DSM-IV criteria and respondents are asked to indicate the
frequency of each symptom on a 4-point Likert scale. The
Home and School Versions of the scale both consist of two
subscales: Inattention (nine items) and Hyperactivity-Impul-
sivity (nine items). The manual provides information regard-
ing the factor analysis procedures to develop the scales, as
well as information regarding the standardization, normative
data, reliability, validity, and clinical interpretation of the
scales (See DuPaul, et al., 1998).

[0048] Wender-Utah Rating Scale (WURS). The WURS
test 1s a 61-item retrospective self-report scale where indi-
viduals rate the severity of ADHD symptoms experienced
when they were children using a 5-point Likert scale. For
adults, WURS has been shown to be a valid retrospective
screening and dimensional measure of childhood ADHD
symptoms (See Stein, M. A., Fischer, M., Szumowski, E.
(2000), “Evaluation of Adults for ADHD: Erratum,” Journal
of the American Academy of Child and Adolescent Psychia-
try. 39, 674, of which is hereby incorporated by reference
herein in it’s entirety), to replicate and correlate with Connors
Abbreviated Parent and Teacher Questionnaire and demon-
strate internal consistency reliability (See Fossati, A.. Di Ceg-
lic, A., Acquarini, E., Donati, D., Donini, M., Novella, L. &
Maffei, C. (2001), “The Retrospective Assessment of Child-
hood Attention-Deficit Hyperactivity Disorder in Adults:
Reliability and Validity of the Italian Version of the Wender
Utah Rating Scale,” Comprehensive Psychiatry, 42, 326-336,
of which is hereby incorporated by reference herein in its
entirety), and to exhibit good construct validity (See
Weyandt, L. L., Linterman, I, & Rice, J. A. (1995), “Reported
Prevalence of Attentional Difficulties in a General Sample of
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College Students,” Journal of Psychopathological and Behav-
ioral Assessment, 17, 293-304, of which is hereby incorpo-
rated by reference herein in its entirety).

[0049] EEG Consistency Index (EEG-CI). The EEG-CI is
an EEG-based measure of ADHD (See Cox, et al., 1999; See
Kovatchev, et al., 2001 ; See Kovatchev, B. P., Cox, D. J., Hill,
R, Reeve, R, Robeva, R. S., & Loboschefski, T. (2001), “A
Psychophysiological Marker of Attention Deficit/Hyperac-
tivity Disorder—Defining the EEG Consistency Index,”
Applied Psychophysiology and Biofeedback, 26, 127-139, of
which is hereby incorporated by reference herein in its
entirety; and See Merkel, et al., 2000). The CI ranges from 0
to 100 percent; a CI<40 percent indicates ADHD (See
Kovatchev, et al., 2001). The Cl of a person is computed using
data from two adjacent disparate cognitive tasks. The CT is
based on the notion that the EEG data stream can be repre-
sented by a three-dimensional numeric array—at any given
moment one dimension is frequency of brain waves, another
is spatial—the location of the electrode on a subject’s head,
and the third is time. ADHD can cause disruption in the
frequency or spatial dimension or in both. This disruption is
most evident when the tested subject transitions from one
coguitive task to another, the two tasks being separated by a
rest period of approximately 3-5 minutes. The transition is
deemed “consistent” if the differences between the means of
the power spectra from the adjacent tasks shift coherently
from low to high or vice versa, e.g. a consistent transition
would mean that most frequency bands and most channels
would display similar unidirectional shifts, while an incon-
sistent, transition will result in scattered power changes
across the EEG bands and channels. We used the previously
published algorithm with threshold parameter of 1.0 and no
cutoff (Kovatchey, et al., 2001). These settings correspond to
the procedures employed by previous studies (See Cox, et al.,
1999; Kovatchev, et al., 2001; and Merkel, et al., 2000).
Details can be found in the above referenced articles.

Indeterminate Scores, “Gray Zones,” and Misclassification
Rate of a Test

[0050] Assume thata particular assessment instrument of a
condition produces a certain score for each tested individual,
and a higher score implies a greater likelihood of that condi-
tion, a lower score indicates that the condition is unlikely, and
a score between certain numbers x, y indicates that the score
is indeterminate. In this setting, the interval [, y] is the “gray
zone” of the test.  is the relative size of the gray zone of our
test, e.g. P is the probability that a person may remain unclas-
sified after administering the test because his/her score is
between x and y. Another important characteristic of the test
is its probability for a misclassification o,; in our setting o is
the probability that a person with a high score would be
classified as not having the condition, or a person with low
score would be classified as having the condition. It is intu-
itively clear that o and f are inversely related—if we want to
hold the misclassification rate a below a certain number, the
likelihood that a person cannot be classified f§ increases. In
other words, if we insist on certainty of the classification
(1-c), the percentage of cases f3 that cannot be classified with
that certainty will increase. Thus at a fixed error rate ¢, a test
with a larger gray zone probability [} would be less compre-
hensive than a test with a smaller 3 (See Kovatchev, Boris;
Penberthy, Jennifer Kim; Robeva, Raina, Breton, Marc; and
Cox. Daniel, (2004-2005) “Computational Strategies in the
Evaluation of Attention Deficit/Hyperactivity Disorder
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(ADHD),” Attention Deficit Hyperactivity Disorder (ADHD)
Research, pp 1-35, Nova Science Publishers, Inc. Haup-
pauge, N.Y., of which is hereby incorporated by reference
herein in its entirety). Consequently, if a combination of
assessment instrument scores produces a result with a gray
zone smaller than each individual assessment instrument,
while keeping the error rate below a fixed o, such a combi-
nation would be more comprehensive than each of its indi-
vidual components.

Standardizing the Scores of Different Assessment Instru-
ments

[0051] In order to integrate the data from the disparate
assessment instruments into a single result, the output of these
assessment instruments must be standardized. In order to do
so, the output of each test is translated into a probability for
ADHD. Theidea is that at each step of the overall assessment,
each subject receives a certain score on each instrument and
the magnitude of this score depends on whether the subject
has ADHD, as well as on the severity of the disorder. In other
words, the probability of earning a certain score depends on
the subjects’ condition, ADHD or non-ADHD. In addition,
each test has a suggested cutoff value, and scores greater (or
lower) than this cutoff value are accepted as indicators of
ADHD. Thus, for each test we can define a function that lo
represents the conditional probability of earning the specified
score, given ADHD. The standardization process described in
this embodiment of the invention uses linear mappings of a
test score into a [conditional] probability ranging from 0 to 1
with the test cutoff value mapped to 0.5, and the test maximal
(or minimal) value indicating ADHD mapped to 1. If the test
has a gray zone (a range of indeterminate scores), then the
entire gray zone is mapped to a probability of 0.5. Several
examples will clarify the test score standardization:

[0052] 1) ADHD-Symptom Inventory: The score on the
ADHD-SI ranges from 0 to 36 with scores>12 indicating
ADHD. The mapping formula is then:

x<12  PADHD|x) = %

x 1
1x212 PADHD|x)= 2z + 7

[0053] 2) DuPaul AD/HD Rating Scale-IV Inattentive
Type: The score ranges from 0 to 100 with scores>93 indi-
cating ADHD. The mapping formula is then:

X

[ x<93  PADHD|x) =
1 03 PADHD|m = 2
X ( |x)—m—7
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[0054] 3) WURS scale: The scoreranges from Oto 100 with
scores>30 indicating ADHD. The mapping formula is then:

X
<30  P(ADHD|x)= —
X< ( [%) i

x 2
1x>30 PADHD|x) = {35+ 5

[0055] 4) The EEG Consistency Index (CI): The Consis-
tency Index ranges from 0 to 100 percent with a CI<40 per-
cent indicating ADHD. The mapping formula is then:

x<4D P(ADHD|x):1—%

5 x
1x>40 PADHD|x) = 2 = 755

[0056] 5) The Alpha Blockade Index (ABI): The ABI
ranges from 0 to 100 percent with an ABI<20 percent indi-
cating ADHD. The mapping formula is then:

X
<20 PADHD|x)=1-—
xs ( [%) b

1 >20 P(ADHD)| )—5 ol
¥>20 K V=316

[0057] 6) DuPaul AD/HD Rating Scale-IV Hyperactive/
Impulsive Type: scores range from 0 to 100 with scores>98
indicating ADHD. The mapping formula is then:

[xs98 PADHD |x) = 1"%

lx>98 P(ADHD|x)=£—24

[0058] Turning to FIG. 3, in order to visualize the standard-
ization procedure, FIGS. 3(A) and 3(B) graphically illustrate
examples of the test score standardization of the WURS scale
and the Consistency Index (CI), respectively.
Computational Operation upon the Calibrated Scores

[0059] Inanexemplary embodiment. once the standardiza-
tion of scores from the assessment instruments is completed,
a Bayesian computational procedure for calculating the prob-
ability for ADHD for each individual operates upon the
results from the individual assessments to produce a compos-
ite result. An outline for this computational procedure is
shown below.

[0060] The procedure works as follows: At step 0, a prior
probability for ADHD POADHD=0.5 is assigned to each
subject regardless of whether she is ADHD or control. Then,
after the first test P,”*=P(ADHD/test score) and P,**'=1-P,
are used to calculate a posterior probability P',,,, for
ADHD, using the formula:

13
P PP - Ppnp
4DHD = -
Pt Popup + PE - (1= Poppp)
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[0061] From here on the procedure is recursive—after each
step the posterior probability becomes a prior probability for
the next step; e.g. in the formula above P° ., is replaced by
P!, s P and P, derived from the second test, ete. In
general, the posterior probability from step (n-1) becomes a
prior probability in step (n) and then posterior probability is
computed for step (n) using the results from the assessment at
step (n). At each step we may have a “gray zone” of indeter-
minate assessment, however, at each sequential step the gray
zone will become smaller and the final result is substantially
more precise than any of its individual steps. The final result
of the computational procedure (here, the Bayesian algo-
rithm) is a probability for ADHD assigned to each subject (0
to 100 percent), e.g. a placement of each subject on a con-
tinuum of disruption, with greater number and severity of
disruptions resulting in placement on the high extreme end of
the continuum. As described here, various embodiments may
provide, but are not limited to providing, increased specific-
ity/sensitivity beyond individual assessment instruments.

[0062] FIG.4schematically illustrates the general structure
of the sequential assessment of ADHD of an embodiment of
he present invention. Each module of the assessment has the
unified internal structure presented in FIG. 4(A). The screen-
ing module would typically include input from demographic
characteristics (e.g. age, gender) and several questionnaires
screening for ADHD, such as ADHD SI, parent survey,
teacher report, etc. The screening module produces an initial
estimate of the probability for ADHD of the screened person
even if only one of the questionnaires is completed. Each
additional questionnaire will update and refine this estimate
using our Bayesian model. The short-term behavioral assess-
ment would typically include questionnaires and neuropsy-
chological tests, which would allow for testing of the effec-
tiveness of a medication, dose adjustment, etc. The EEG
assessment would include several potential markers of
ADHD, in particular our Consistency Index (CI) (See
Kovatchev, et al., 2001), the Alpha Blockade Index (See
Robeva R., Penberthy J. K., Loboschefski T., Cox D.,
Kovatchev B. “Sequential Psycho-Physiological Assessment
of ADHD: A Pilot Study of Bayesian Probability Approach
Illustrated by Appraisal of ADHD in Female College Stu-
dents,” Applied Psychophysiology and Biofeedback, 28,
2003, of which is hereby incorporated by reference herein in
its entirety) and the Attentional Index (ratio of theta/beta,
which is reported in the literature as a marker of ADHD (See
Monastra V. J., Lubar J. F., Linden M., VanDeusen P., Green
G., Wing W., Phillips A., Fenger T. N., “Assessing Attention
Deficit Hyperactivity Disorder via Quantitative Electroen-
cephalography: An Initial Validation Study,” Neuropsychol-
ogy 13:424-433, 1999, of which is hereby incorporated by
reference herein in its entirety). The combination of the
results from different tests within each module follows the
Bayesian algorithm described above.

[0063] The result of each module is a probability for
ADHD. Then, as schematically presented in FIG. 4(B), the
combination of results across all modules into a single assess-
ment of ADHD.

[0064] The modular design of this system allows for a
separate utilization of a screening, or screening+behavioral
assessment modules, if EEG system is unavailable in some
settings. This design also allows for inclusion of future
ADHD screening technologies. For example, data from a
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motion detector recording the movement of a subject’s head
during a task could be included if proven valuable in the
assessment of ADHD.

Results of Combining the Scores of Different Tests

[0065] The exemplary embodiment includes applying this
method to the data from studies -V described below, includ-
ing behavioral rating scales and EEG assessments.

[0066] Study Subjects—During the past several years we
have conducted a series of studies investigating EEG patterns
associated with ADHD:

[0067] Study I: Four boys, ages 6-10, with ADHD (one
primarily inattentive type, one lo primarily hyperactive/
impulsive type, and two combined type) and four age-
matched control boys had their EEG data acquired during two
30-minute tasks (video and reading) separated by a 5-minute
break. Parents completed the ADHD-SI [19]. ADHD subjects
were regularly taking methylphenidate for their symptoms,
but were off the medication during assessment. For the
ADHD boys, this procedure was repeated three months later,
1o assess test-retest reliability. Two of the boys with ADHD
were Caucasian, one was African-American, and one was
Indian. All four of the control subjects were Caucasian. No
subjects reported co-morbid diagnoses or learning disabili-
ties. Results are reported by Cox, et al. [19].

[0068] Study 1I: Seven ADHD males (four primarily inat-
tentive type, and three combined type) and six non-ADHD
males, ages 18-25, participated in a double-blind, placebo
versus methylphenidate controlled crossover design study.
ADHD subjects had to have previously taken methylpheni-
date but could not be taking any medication for their condi-
tion within the six months prior to the study. EEG data was
acquired while the subjects were given four tasks of the Gor-
don Diagnostic System, two easy (auditory and visual) and
two hard (auditory and visual). Subjects and their parents
completed the ADHD-SI[19]. Two of the subjects were Afri-
can-American, and one control subject was Asian, all others
were Caucasian. No. subjects had co-morbid diagnoses or
learning disabilities. Results are reported by Merkel, et al.
(See Merkel R. L., Cox D. J., Kovatchev B., Morris J., Jr.,
Seward R., HillR., Reeve R., “The EEG Consistency Index as
a Measure of ADHD and Responsiveness to Medication: A
Double Blind Placebo Controlled Pilot Study,” Appl. Psycho-
physiol. Biofeedback 25:133-142, 2000, of which is hereby
incorporated by reference herein in its entirety) and Cox, etal.
(See Cox D. I, Merkel R. L.; Kovatchev B., Seward R.,
“Effect of Stimulant Medication on Driving Performance of
Young Adults with Attention-deficit Hhyperactivity Disor-
der: A preliminary Double-blind Placebo Controlled Trial,”
Journal of Nervous and Mental Disorders, 188, 230-234,
2000, of which is hereby incorporated by reference herein in
its entirety).

[0069] Study III: Eighteen boys and 17 girls, ages 8-16,
classified as either ADHD or non-ADHD (9 boys and 8 girls
with ADHD-combined type and 9 boys and 9 girls without
ADHD) had EEG data collected for 36 minutes while per-
forming various tasks. Parents and teachers completed the
Conners’ Rating Scale (See Conners C. K., “Conners’ Rating
Scales—Revised; technical Manual,” North Tonawanda,
N.Y.: Multi-Health Systems, 1997, of which is hereby incor-
porated by reference herein in its entirety), Achenbach Child
Behavior Checklist (See Achenbauch, T. M., & Edelbrock,
C., “Manual for the Child Behavior Checklist,” Burlington,
Vt.: University of Vermont Department of Psychiatry, 1983,
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of which is hereby incorporated by reference herein in its
entirety), and the ADHD-SI [19]. All subjects were Caucasian
with the exception of one child in the control group who was
Hispanic. All ADHD subjects were taking a stimulant medi-
cation Computational Strategies in the Evaluation of ADHD
9 (with the exception of Cylert) to treat their symptoms, but
were taken off their medication 24 hours prior to being tested.
One ADHD subject reported having dyslexia, but no addi-
tional co-morbidities were reported or diagnosed. Results are
reported by Kovatcheyv, et al. (See Kovatchev, et al., 2001).

[0070] Study IV was conducted at Sweet Briar College to
study female college students with ADHD. The participants
engage in a series of short concentration tasks (2-3 min.) with
shorter resting intervals (1-2 min). Subjects are administered
the ADHD-SI [19], and the Wender-Utah Rating Scale
(WURS) (See Ward M. ., Wender P. H., Reimherr F. W., “The
Wender Utah Rating Scale: An Aid in the Retrospective Diag-
nosis of Childhood Attention Deficit Hyperactivity Disor-
der,” Am. . Psychiatry 150:885-890, 1993, of which is
hereby incorporated by reference herein in its entirety), which
is a 61-item retrospective self-report scale with adequate reli-
ability and validity. We currently have collected data for 6
ADHD Caucasian females (all ADHD-combined type) and 6
non-ADHD Caucasian females. No subjects reported any
co-morbid disorders or learning disabilities. Results are
reported by Robeva, et al. (See Robeva R., Penberthy J. K.,
Loboschefski T., Cox D., Kovatchev B., “Sequential Psycho-
Physiological Assessment of ADHD: A Pilot Study of Baye-
sian Probability Approach Illustrated by Appraisal of ADHD
in Female College Students,” Applied Psychophysiology and
Biofeedback, 28, 2003, of which is hereby incorporated by
reference herein in its entirety).

[0071] Study V: Seventy-seven children ages 8-12 (67
males and 10 females, 36 ADHD and 41 non-ADHD) were
administered EEGs while watching a movie for 20 minutes,
resting with eyes open for 5 minutes, reading silently for 10
minutes, resting with eyes open for 5 minutes, then perform-
ing creative drawing tasks for 10 minutes. This pattern was
repeated once, for a total test time of 100 minutes. Parents and
teachers were administered the DuPaul AD/ED Rating Scale-
IV [20], and parents completed the ADHD-SI [19]. Subjects
included two African-American males, one Indian male, and
two subjects who did not specify their ethnicity. All other
subjects were Caucasian. Twelve ADHD subjects were diag-
nosed as primarily inattentive type, one as primarily hyper-
active/impulsive type, and the remainder (23) met criteria for
ADHD-combined type. Co-morbid disorders in the ADHD
groups included: specific phobia (7); oppositional defiant
disorder (8); obsessive-compulsive disorder (1); enuresis (1):
and 1 subject with separation anxiety disorder and ODD, and
1 subject with social phobia and GAD. Co-morbid disorders
in the control group included: specific phobia (1) and enuresis
(1). Results are first reported in this chapter.

[0072] Study VI: Six males diagnosed with ADHD (four
primarily inattentive type and two combined type ADHD),
were administered EEGs while on and off methylphenidate.
The EEGs were acquired while the subjects viewed a movie
for 20 minutes, rested with eyes open for 5 minutes, and read
silently for 10 minutes. Parents and teachers were adminis-
tered the DuPaul AD/HD Rating Scale-IV [20]. Subjects were
between the ages of 16-21, and reported a previous positive
response to methylphenidate. All subjects were Caucasian.
One subject met diagnostic criteria for social phobia and one
subject met criteria for oppositional defiant disorder. Three
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subjects reported that they had been diagnosed with learning
disorders, such as dyslexia. Results are first reported in this
chapter.

TABLE 1

Probabilities for ADHD within each study for each test

Combined
Study ADHD-SI WURS DuPaul (I) CI  probability
I  ADHD 0.63 — — 0.79 0.78
Control 0.04 0.24 0.014
p-level 0.0146 0.01 0.0009

I ADHD 0.7 — — 0.88 0.93
Control 0.16 0.57 0.21
p-level 0.0008 0.095 0.0024
I  ADHD 0.86 — — 0.81 0.94
Control 0.19 0.51 0.24
p-level 0 0.0019  <0.0005
IV ADHD — 0.56 — 0.83 0.84
Control 0.18 0.18 0.033
p-level 0.0029 0.0019  <0.0005

V  ADHD — — 0.68 0.65 0.74
Control 0.19 0.54 0.29
p-level <0.0005  0.19 <0.0005

[0073] Table 1 presents the probabilities for ADHD esti-
mated by each test for ADHD vs. Control subjects. T-tests
compare these probabilities within each study. As evident
from Table 1, although a number of tests reach significance in
most studies, a correction for the significance level account-
ing for multiple parallel tests would eliminate many signifi-
cant lo results. The last column of Table 1 (Combined prob-
ability) presents the joint results from ADHD questionnaire
plus EEG assessment within each study, computed using our
Bayesian algorithm. It is should be appreciated that a combi-
nation of tests within a study generally provides a better
ADHD-control separation than each individual test (in terms
of a smaller p-value).

Combining the Results from Different Studies

[0074] Most studies alone had a small sample focused on a
specific age/gender group, e.g. 8 boys ages 6-10. Thus, some
analyses, such as gender or age comparisons, were not pos-
sible within any particular study. However, the standardiza-
tion of each study results into the same scale, probability for
ADHD, allows for combination of the data across studies.
When standardized and combined, the data resulted in a clear
separation between ADHD vs. non-ADHD groups in males
below the age of 16 (p<0.001), males above the age of 16,
(p=0.015), females below the age of 16, (p=0.0014), and
females above the age of 16, (p=0.0022). Specifically, Table 2
presents the means and the standard deviations for each cross-
section of the combined across studies population. The black
bars in the second row of Table 2 indicate subject groups that
cannot be differentiated at P=0.05 It is evident that the control
population were quite homogeneous—there are no groups
different in terms of their probabilities for ADHD. The
ADHD population however, was not internally homoge-
neous: while boys and girls under the age of 16 were similar,
and girls under 16 were similar to boys above 16, girls above
16 stand alone as a separate subgroup, which is somewhat
closer to controls in terms of its probability for ADHD. Such
previously unrecognized results were made possible by the
use of cross-study standardization of the data.
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TABLE 2

Cross-Sectional Probabilities for ADHD and Cross-Sectional Similarities

ADHD

Age <16 years Age >16 years Age <16 years Age >16 years
Boy Girl Boy Gil Boy Girl Boy Girl
87% | 93% | 67% | 23% | 32% | 21% | 30%

Control

Cross-
Sec-
tional
Simi-
larities

[0075] Finally, FIG. 5 schematically presents an aspect of
an embodiment of the present invention process of increasing
of the precision of assessment along the steps of the Bayesian
model across all studies. This standard Box plot presents the
median, 50% of the distribution, and outliers. Itis evident that
with the application of consecutive test the differentiation
between ADHD and No-ADHD groups increases, achieving
abest separation at theend of the procedure. FIGS. 5(A), 5(B)
and 5(C) graphically represent the subject distribution after
test one, tests one and two, and tests one, two and three,
respectively.

[0076] In summary, this exemplary embodiment presents
several mathematical models and the results from six con-
secutive studies revealing various parameters of ADHD-re-
lated disruption at psychological, behavioral, and physiologi-
cal levels. Overall, such a method and system of the
embodiment has optimized both our data acquisition proce-
dures with respect to EEG, our theoretical development of
mathematical models of EEG consistency, and our choice and
method of psychological and behavioral assessments. A first
set of models discussed here refers to procedures maximizing
the assessment of inconsistency in EEG waves on a temporal
level of half-hour, minutes, and seconds. Various data sets
(ours and by others) support the utility of each of these scales
in various subpopulations. For example, the Consistency
Index (CI) works best in boys below the age of 16, while the
Alpha Blockade Index is a good marker of ADHD in college-
age females. However, none of these individual measures,
and none of the widely used psychometric measures, achieve
a perfect assessment of ADHD when used in isolation, nor do
they adequately evaluate the impact of a medication. For this
reason, the present invention method has developed and suc-
cessfully pilot tested a sequential stochastic model combining
behavioral and biologic data for classification of participants
with and without ADHD, and demonstrated that several
imperfect tests can successfully be combined into a compre-
hensive assessment that is more powerful than its individual
components. Thus, the present invention embodiment pro-
vides an integrated multi-method psycho-physiological
ADHD assessment procedure, based upon a theoretical
model of disruption of self-regulation and empirically sup-
ported by research experience and findings.

Example No. 2

[0077] Inparticular, a first aspect of an exemplary embodi-
ment of the present invention is directed to a method, appa-
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ratus, and/or computer program product for assessing indi-
viduals for disorders associated with attentional impairments.
The related method and apparatus comprises (a) obtaining
scores from two or more assessment instruments for atten-
tional impairment, conducted on an individual, (b) calibrating
the obtained scores by standardizing the range of obtainable
scores for each of the instruments, and (c) operating upon the
calibrated scores using a computational procedure to produce
a composite result. The assessment instruments may include,
for example, two or more of the following: demographic
questionnaires, behavioral checklists, psychometric tests,
parent reports, teacher rating forms, or EEG-based vigilance,
attention, and consistency measures. Also, the assessment
instruments may include the Consistency Index, Alpha
Blockade Index, or both. Further, standardizing may com-
prise mapping the possible range of scores for each the instru-
ment to a range of conditional probabilities ranging from
about 0 to about 1. Also, the standardizing may further com-
prise mapping each indeterminate score, if any, obtained from
the instruments to a conditional probability of about 0.5. The
range of possible scores of each the assessment instrument
which constitutes an indeterminate score for the instrument
may be defined such that the likelihood of diagnostic error for
each the instrument does not exceed a certain preset probabil-
ity. Additionally, the certain preset probability may be within
the range of about 0.01 to about 0.1. Finally, the computa-
tional procedure may be, for example, one of the following:
Sequential Bayesian inference procedure, computation of
joint probability distribution, multiplication of probabilities,
logical expression, or a combination thereof.

Example No. 3

[0078] Another aspect of an exemplary embodiment of the
present invention is directed to a method, apparatus and/or
computer program product for assessing individuals for dis-
orders associated with attentional impairments, using scores
obtained from two or more assessment instruments con-
ducted on an individual. The related apparatus is a device
configured to (a) calibrate the obtained scores by standardiz-
ing the range of obtainable scores for each of the instruments,
and (b) perform a computation procedure upon the calibrated
scores to produce a composite result. The assessment instru-
ments may include, for example, two or more of the follow-
ing: demographic questionnaires, behavioral checklists, psy-
chometric tests, parent reports, teacher rating forms, or EEG-
based vigilance, attention, and consistency measures. Also,
the assessment instruments may include the Consistency
Index, Alpha Blockade Index, or both. Further, standardizing
may comprise mapping the possible range of scores for each
the instrument to a range of conditional probabilities ranging
from about 0 to about 1. Also, the standardizing may further
comprise mapping each indeterminate score, if any, obtained
from the instruments to a conditional probability of about 0.5.
The range of possible scores of each the assessment instru-
ment which constitutes an indeterminate score for the lo
instrument may be defined such that the likelihood of diag-
nostic error for each the instrument does not exceed a certain
preset probability. Additionally, the certain preset probability
may be within the range of about 0.01 to about 0.1. Finally,
the computational procedure may be, for example, one of the
following: Sequential Bayesian inference procedure, compu-
tation of joint probability distribution, multiplication of prob-
abilities, logical expression, or a combination thereof.
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[0079] Still other embodiments will become readily appar-
ent to those skilled in this art from reading the above-recited
detailed description and drawings of certain exemplary
embodiments. It should be understood that numerous varia-
tions, modifications, and additional embodiments are pos-
sible, and accordingly, all such variations, modifications, and
embodiments are to be regarded as being within the spirit and
scope of the appended claims. For example, regardless of the
content of any portion (e.g., title, section, abstract, drawing
figure, etc.) of this application, unless clearly specified to the
contrary, there is no requirement for any particular described
or illustrated activity or element, any particular sequence of
such activities, any particular size, speed, material, dimen-
sion, time period, or frequency, or any particular interrela-
tionship of such elements. Moreover, any activity can be
repeated, any activity can be performed by multiple entities,
and/or any element can be duplicated. Further, any activity or
element can be excluded, the sequence of activities can vary,
and/or the interrelationship of elements can vary. Accord-
ingly, the descriptions and drawings are to be regarded as
illustrative in nature, and not as restrictive.

[0080] The invention may be embodied in other specific
forms without departing from the spirit or essential charac-
teristics thereof. The foregoing embodiments are therefore to
be considered in all respects illustrative rather than limiting of
the invention described herein.
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We claim:
1. A method of assessing an individual for disorders asso-
ciated with attentional impairments, said method comprising:
a) obtaining scores of two or more assessment instruments
for attentional impairment, conducted on the individual,
b) calibrating said obtained scores by standardizing the
possible range of scores for each of said instruments
before administration on the individual; and
¢) operating upon said calibrated scores using a computa-
tional procedure to produce a composite result.
2. The method of claim 1, wherein said assessment instru-
ments include two or more of the following: demographic
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questionnaires, behavioral checklists, psychometric tests,
parent reports, teacher rating forms, or EEG-based vigilance,
attention, and consistency measures.

3. The method of claim 2, wherein said assessment instru-
ments include the Consistency Index, Alpha Blockade Index,
or both.

4. The method of claim 1, wherein said standardizing com-
prises mapping the possible range of scores for each said
instrument to a range of conditional probabilities ranging
from about 0 to about 1.

5. The method of claim 4, wherein said standardizing fur-
ther comprises mapping each indeterminate score, if any,
obtained from said instruments to a conditional probability of
about 0.5.

6. The method of claim 5, wherein the range of possible
scores of each said assessment instrument which constitutes
an indeterminate score for said instrument is defined such that
the likelihood of diagnostic error for each said instrument
does not exceed a certain preset probability.

7. The method of claim 6, wherein said certain preset
probability is within the range of about 0.01 to about 0.1.

8. The method of claim 1, wherein said computational
procedure is one of the following: Sequential Bayesian infer-
ence procedure, computation of joint probahility distribution,
multiplication of probabilities, logical expression, or a com-
bination thereof.

9. An apparatus for assessing an individual for disorders
associated with attentional impairments, comprising a micro-
processor programmed to perform the following:

a) obtaining scores of two or more assessment instruments

for attentional impairment, conducted on the individual,

b) calibrating said obtained scores by standardizing the

possible range of scores for each of said instruments
before administration on the individual;

¢) operation upon said calibrated scores using a computa-

tional procedure to produce a composite result.

10. The apparatus of claim 9, wherein said assessment
instruments include two or more of the following: demo-
graphic questionnaires, behavioral checklists, psychometric
tests, parent reports, teacher rating forms, or EEG-based vigi-
lance, attention, and consistency measures.

11. The apparatus of claim 10, wherein said assessment
instruments include the Consistency Index, Alpha Blockade
Index, or both.

12. The apparatus of claim 9, wherein said standardizing
comprises mapping the possible range of scores for each said
instrument to a range of conditional probabilities ranging
from about 0 to about 1.

13. The apparatus of claim 12, wherein said standardizing
further comprises mapping each indeterminate score, if any,
obtained from said instruments to a conditional probability of
about 0.5.

14. The apparatus of claim 13, wherein the range of pos-
sible scores of each said assessment instrument which con-
stitutes an indeterminate score for said instrument is defined
such that the likelihood of diagnostic error for each said
instrument does not exceed a certain preset probability.

15. The apparatus of claim 14, wherein said certain preset
probability is within the range of about 0.01 to about 0.1.

16. The apparatus of claim 9, wherein said computational
procedure is one of the following: Sequential Bayesian infer-
ence procedure, computation of joint probahility distribution,
multiplication of probabilities, logical expression, or a com-
bination thereof.
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17. A computer program product for assessing an indi-
vidual for disorders associated with attentional impairments,
programmed to perform the following:

a) obtaining scores of two or more assessment instruments

for attentional impairment, conducted on the individual,

b) calibrating said obtained scores by standardizing the

possible range of scores for each of said instruments
before administration on the individual;

¢) operation upon said calibrated scores using a computa-

tional procedure to produce a composite result.

18. The computer program product of claim 17, wherein
said assessment instruments include two or more of the fol-
lowing: demographic questionnaires, behavioral checklists,
psychometric tests, parent reports, teacher rating forms, or
EEG-based vigilance, attention, and consistency measures.

19. The computer program product of claim 18, wherein
said assessment instruments include the Consistency Index,
Alpha Blockade Index, or both.

20. The computer program product of claim 17, wherein
said standardizing comprises mapping the possible range of
scores for each said instrument to a range of conditional
probabilities ranging from about 0 to about 1.

21. The computer program product of claim 20, wherein
said standardizing further comprises mapping each indeter-
minate score, if any, obtained from said instruments to a
conditional probability of about 0.5.

22. The computer program product of claim 21, wherein
the range of possible scores of each said assessment instru-
ment which constitutes an indeterminate score for said instru-
ment is defined such that the likelihood of diagnostic error for
each said instrument does not exceed a certain preset prob-
ability.

23. The computer program product of claim 22, wherein
said certain preset probability is within the range of about
0.01 to about 0.1.

24. The computer program product of claim 17, wherein
said computational procedure is one of the following:
Sequential Bayesian inference procedure, computation of
Jjoint probability distribution, multiplication of probabilities,
logical expression, or a combination thereof.
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25. An apparatus for assessing an individual for disorders
associated with attentional impairments, using scores
obtained from two or more assessment instruments con-
ducted on an individual, comprising a microprocessor con-
figured to perform the following:

a) calibrating said obtained scores by standardizing the
possible range of scores for each of said instruments
before administration on the individual;

b) operation upon said calibrated scores using a computa-
tional procedure to produce a composite result.

26. The apparatus of claim 25, wherein said assessment
instruments include two or more of the following: demo-
graphic questionnaires, behavioral checklists, psychometric
tests, parent reports, teacher rating forms, or EEG-based vigi-
lance, attention, and consistency measures.

27. The apparatus of claim 26, wherein said assessment
instruments include the Consistency Index, Alpha Blockade
Index, or both.

28. The apparatus of claim 25, wherein said standardizing
comprises mapping the possible range of scores for each said
instrument to a range of conditional probabilities ranging
from about 0 to about 1.

29. The apparatus of claim 28, wherein said standardizing
further comprises mapping each indeterminate score, if any,
obtained from said instruments to a conditional probability of
about 0.5.

30. The apparatus of claim 29, wherein the range of pos-
sible scores of each said assessment instrument which con-
stitutes an indeterminate score for said instrument is defined
such that the likelihood of diagnostic error for each said
instrument does not exceed a certain preset probability.

31. The apparatus of claim 30, wherein said certain preset
probability is within the range of about 0.01 to about 0.1.

32. The apparatus of claim 25, wherein said computational
procedure is one of the following: Sequential Bayesian infer-
ence procedure, computation of joint probability distribution,
multiplication of probabilities, logical expression, or a com-
bination thereof.
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