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ABSTRACT

Pearson product moment correlations were computed between each of
four T.O.V.A.™ parameters and the average magnitude of each of nine
EEG bands. The T.O.V.A.™ parameters were: errors of omission (%EQ),
errors of commission (%EC), reaction time (RT), and reaction time
variability (RTV). The EEG bands used in this study were Delta, Theta,
Alpha, SMR, Betal, Beta2, Beta_All, EMG, and Total_EEG. The nine sites
used in this study were C3, C4, CZ, FZ, O1, O2, P3, P4, and PZ (electrodes
were placed according to the international 10-20 system). In addition, two
multiple stepwise regression equations were computed, using the
T.O.V.A.™ parameters of %EO and %EC as dependent variables and the
above-mentioned EEG bands across sites as independent variables. The
sample for this study consisted of seventeen normal (i.e. no ADD or
ADHD) fifth and sixth grade boys. Findings indicate that alpha is
positively correlated to the T.O.V.A.™ parameters of %EO, %EC, and
RTV, and delta is negatively correlated to the same three the T.O.V.A.™
parameters. These findings suggest that attention (as measured by %EO)
and impulsivity (as measured by %EC) are a function of cortical alpha and
delta levels. Related to this, predictive relationships were found to exist
for %ZEO and %EC, using the EEG bands of alpha, delta, and beta2 as the

independent variables.
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CHAPTER 1

INTRODUCTION AND RATIONALE

“Pay attention!” A phrase that, no doubt, has “jump-started” even
the greatest minds throughout history. ATTENTION: What is it, and why do
teachers always demand that it be paid to them by their students? For that
matter, how do the teachers even know when students are not paying
enough attention? More importantly, how do the students, themselves,
know when they are not paying enough attention? For that matter, what
is gnough attention?

The fact is, all individuals seem to possess their own, internal,
attention monitors. They may not be conscious of these mechanisms, but
they use them all the time. These monitors are what alert individuals to
the degree of attention which they are paying to others , as well the degree
of attention others are paying them. As proof of the existence of this
internal mechanism, human language is full of phrases like, “sorry I was
not paying attention,” and “Johnny! Please pay attention to me!” Such
phrases indicate that there is a “sense” within human beings which
krows; first, what attention is, and second, how much of it is being given.

The task then is not to prove whether the construct of attention
exists, because it is obvious that it does. Rather, the challenge is to fry to

quantify attention, thus making measurcnrents and comparisons possible.



Ask any school teacher about the criteria to success in academics, and a
common response will likely be “paying attention in class”. Quantifying
attention would provide a valuable measure of an individual's ability to
concentrate. Furthermore, if attention can be reliably measured, valid
comparisons between individuals becomes possible. The benefits of such
comparisons include the ability to diagnose abnormalities in individual
attention, the ability to prescribe better remediation, and a greater
understanding of the construct of attention.

Much has Eeen learned about the construct of attention over the
years. The majority of the research in this area has centered around
children with attention deficit disorder (ADD), and attention deficit
hyperactivity disorder (ADHD). A review of the literature reveals ADD to
be a fairly common childhood disorder, with some 3-5% of school-aged
children affected (Barkley, 1990). @ ADD children typically exhibit
maladjustment, and resulting behavioral problems, at home, in school,
and among their social groups. As well, ADD children generally exhibit
poor academic achievement (Bowley & Walther, 1992, Goldstein &
Goldstein, 1990, Barkley, 1990). Other studies, such as, Borden, Brown,
Jenkins, and Clingerman (1987), have shown that children with ADD are
more likely to suffer depressive symptoms than normal children. Also,
recent studies suggest that ADD or ADHD children grow up to be ADD or

ADHD adults. These adults are characterized by anti-social behavior, drug



and alcohol abuse, and low employability (Weiss & Hechtman, 1993).
Goldstein and Goldstein (1990) state, "Disorders of attention and arousal
are not cured but must be managed throughout childhood.” (pg. 1).

Accurate diagnosis is one of the primary concerns in ADD research
today. Many instruments have been developed which attempt to
accurately diagnose attention, or the lack thereof. The instruments of
concern in this study are: Electroencephalograph (EEG) readings, which
monitor and record brain wave activity, and the Test of Variables of
Attention (T.0.V.A.™), which is a visual, continuous perfcrmance test
(CPT) designed to assess individual attention.

EEG readings are electrical impulses which are recorded from
locations on the scalp, using special sensors and recording equipment.
EEG analysis makes the assumption that individuals with attention deficit
have significantly different EEG patterns than normal individuais. Many
researchers (Janzen, Graap, Stephanson, Marshall, and Fitzsimmons, 1994;
Mann, Luba:, Zimmerman, Miller, & Muenchen, 1992; Janzen, 1992;
Lubar, Gross, Shively, & Mann, 1990) have reported that such differences
do exist. Each of the aforementioned studies have shown significant
differences (p<0.05) in EEG patterns between individuals diagnosed as
having ADD and normal controls. Diagnosis, then, would be a matter of
comparing the EEG pattern of the individual in question with known

ADD patterns.



The T.O.V.A.™ was designed tc assess attention by evaluating how
individuals respond to cues presented on a computer screen. Percent
errors of omission (%EQO) and percent errors of commission (%EC) are
automatically recorded by the compr.ter, as well as response time (RT) and
response time variability (RTV). Percent EO, %EC, RT, and RTV are then
used to evaluate the individual's attention, relative to his/her norm
group.

It is the purpose of this research study to explore the relationship, if
any, between EEG readings and the T.0.V.A.™. Since both of the above-
mentioned instruments measure individual attention, it is expected that
there exist strong relationships between certain parameters of these two

measures.



CHAPTER 2

LITERATURE REVIEW

ELECTROENCEPHALOGRAM (EEG)

INTRODUCTION TO THE HUMAN EFG

Hans Berger, a German neuropsychiatrist is generally credited as
being the first to document the human EEG. Since the late 1800's it had
been known that the brain's of animals emitted electrical impulses,
however it was not until the work of Berger in the 1930's that the human
EEG entered the research arena. At that time, Berger was convinced that
EEG would lead him to the discovery of the physiological correlate of
“mental energy”. He theorized that this energy of the mind was created
through metabolic processes in the brain and that it could even be
transmitted from one person to another. Although Berger never proved
his mental energy theory, many of the ideas he postulated, such as the
metabolic basis of the EEG rhythm, were surprisingly consistent with
currently held views regarding the nature of the EEG rhythm
(Niedermeyer, 1993).

Since the 1930's, EEG research has been developing at a rate
consistent with the available technology. With the advent of more
sophisticated measuring equipment, including powerful micro-computers

and more sensitive electrodes, EEG recording equipment became



commonplace in every major hospital and research center. Currently,
EEG readings are used for many purposes. A few examples of the utility of
EEG measures are: medical diagnosis of neurological impairment (Fischer-
Williams, 1993), diagnosis of ADD and ADHD children (Janzen, Graap,
Stephanson, Marshall, Fitzsimmons, 1994, Mann, Lubar, Zimmerman,
Miller, & Muenchen, 1992; Lubar, Gross, Shively, & Mann, 1990), and
treatment of children with ADD (Lubar, 1991).

SoURCE OF EEG SIGNALS

As stated earlier, EEG readings measure electrical activity (waves)
emitted by the living brain. Although the exact mechanism behind this
phenomenon is still unknown, it is generally believed that neural
impulses play a major role in the generation and propagation of EEG

signals (Niedermeyer, 1993). Neurons act as miniature electrical units,

each having a resting potential difference of - 70 millivolts. This means
that the internal surface of the membrane is negative relative to the
external surface (Fischbach, 1992). In order to transmit, a neuron reverses
it's potential for a fraction of a second. This action reverses the polarity of
the neuron, which, in turn, creates an electrical impulse that travels down
the axon, away from the cell body, and towards adjoining neurons.

One of the main theories regarding the generation of the EEG

rhythm postulates that the summation of such neural impulses, or



potentials, leads to the generation of the various waves which are
observed in the EEG spectrum (Speckman & Elger, 1993).

The implication of the above theory is, "that an event must occur
which causes a change in polarization of the cellular membrane." (Graap,
1994). Extrapolating even further, it can be hypothesized that EEG readings
are “snapshots” of neural activity. In other words, as the "output” of the
living brain changes, so should the EEG pattern change to represent this
"output”. This change in EEG pattern has in fact been reported by several
researchers (Mann, et al., 1992; Holcomb, Ackerman, & Dykman, 1986;
Lubar, 1985; Satterfield & Schell, 1984; John et al, 1983; Fuller, 1977) during
various cognitive tasks and during resting conditions.

W AVES PRESENT IN THE EEG PATTERN

There are four primary wave rhythms which are associated with the
human EEG . These are: delta (0-4 Hz), theta (4-8 Fz), alpha (8-12 Hz), and
beta (between 12 Hz and 24 Hz) (Graap et al., 1994). Alpha was the first of
the waves to be discovered and is known to be associated with the visual
processing system (Ulrich, 1990; Nuiiez, 1981). Beta and theta were the
next two waves to be discovered and, in studies of attention, they are most
often associated with fast and slow wave activity, respectively. Several
researchers have reported that individuals diagnosed as ADD or ADHD

typically exhibit theta/beta ratios that are statistically larger than those of



normal individuals (Janzen et al., 1994; Janzen, 1992, Mann et al., 1991,
Lubar et al. 1991, Lubar et al. 1985).

THE Ust OF EEG PATTERNS IN STUDIES OF ATTENTION

An early study, which used clinical EEG as a diagnostic tool, was
conducted by Griinewald-Zubergier & Rasche (1975) . They set out to study
the neural arousal levels of hyperactive children (with attention deficit)
and normal controls. Their goal was to determine whether or not the
“deficit in attention” exhibited by their experimental group (children with
ADHD), would be significantly represented in the EEG record.

Griinewald-Zubergier & Rasche (1975) began with a sample of 41
male subjects from the same school district. The median age for the boys
was 12.2 years (quartile width = 1.1) and the median IQ was 95 (quartile
width = 9.5), as determined by the WISC. Two experimental groups,
matched according to age & IQ, were formed: (1) motor restless (ADHD),
and (2) quiet children. EEG readings were recorded for each child while he
was at rest (eyes closed and eyes open), as well as during a reaction time
(RT) experiment, where the child was required to respond to a visual
stimulus.

Griinewald-Zubergier & Rasche (1975) discovered that EEG readings
clearly indicated that hyperactive children have “less-aroused” brains than
non-hyperactive children. They reported that the hyperactive children

exhibited significantly (p<0.05)) higher magnitudes of alpha (defined here



as 8-14 Hz) and significantly lower magnitudes of beta (defined here as 14-
22 Hz) waves. Also, they discovered that reaction times for the
hyperactive children were significantly (p<0.05) slower than those for the
non-hyperactive children.

The research of Griinewald-Zubergier & Rasche (1975) helped
establish the theory that children with attention deficits (in this case,
hyperactivity as well) had significantly different EEG patterns than normal
children.

Recent studies (Janzen et al., 1994; Mann et al., 1992; Lubar et al. ,
1985) have reported s’ nilar findings; that significant differences, in terms
of EEG patterns, exist between ADD [with and without hyperkinesis
(ADHD)] children and normal controls.

Lubar et al. (1985) compared the EEG patterns of 69 learning disabled
(LD) children and 34 normal controls. All children with LD were
diagnosed as having attention deficit. EEG readings were recorded while
children performed the following: (1) sitting quietly, eyes open, (2)
reading, (3) math, and (4) puzzle assembly. The readings were then
analyzed using multivariate analysis to determine whether or not
significant differences existed between the two groups of children.

Analysis of the data revealed that differences in EEG patterns (i.e.
relative magnitudes of the different waves) between the two groups of

children were indeed significant. Lubar et al. (1985) found that LD
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children exhibited (1) higher levels of Theta (4-8 Hz), (2) higher levels of
Alpha (8-12 Hz), (3) increased muscle activity during all tasks (i.e. higher
EMG: 24-32 Hz) , and (4) lower Beta (12-16 Hz) levels. According to Lubar
et al. (1985) 97% of all LD children in this study were correctly diagnosed
using EEG comparisons. However, Lubar et al. (1985) do qualify this claim
by stating that their predictions were based upon comparisons between the
children on the different measures, and not based on absolute magnitudes.

Lubar et al. (1985) also report that the differential effects between LD
and normal controls were magnified as the children performed a
cognitive task, such as reading. Under this “taxing” situation the normal

hildren were reported to have an increase in beta activity, while
Laintaining relatively low theta levels. In contrast, the LD group were
reported to have an increase in theta levels (with respect to baseline
measures; without any signific-af ‘ncrease in beta levels.

A closely related study was conducted by Mann et al. (1992). In this
study, comparisons of on-task EEG were made between 25 ADHD and 27
normal children. All children were male and right-handed, with a mean
age of 10.61 (SD = 1.0) for the ADHD sample, and 10.53 (SD = 1.1) for the
normal controls. Mean IQ, as assessed by WISC-R full scale scores, was
102.5 (SD = 11.4) for the ADHD children and 107.0 (SD = 9.3) for the normal
controls. EEG was collected during three conditions: baseline (eyes-open),

reading, and drawing.
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Significant differences were found to exist between children with
attention deficits and those without. ADHD children exhibited
significantly more theta activity and significantly less beta activity than
normal controls. Also, ADHD children were reported to exhibit more
frontal theta and lower frontal and temporal beta than normal controls.
Like Lubar et al. (1985), Mann et al. (1992) reported that differences between
ADHD and normal children were enhanced when the children were asked
to perform a cognitive task: drawing, in this case. Mann, et al. (1992)
reported that 80% of the ADHD children and 74% of the normal controls
were correctly predicted using the relative differences in the EEG record
alone.

Another study, by Janzen, Graap, Stephanson, Marshall, and
Fitzsimmons (1994), attempted to test these earlier findings by conducting
a replication study. In their study, Janzen et al. (1994) recorded the EEG
rhythms of eight ADD children and eight normal controls. Comparisons
were then made etween the two groups in terms of relative amounts of
EEG. The resu!ts in large part confirmed what had been reported in the
previous stuciies. Janzen et al. (1994) found significant differences between
ADD an¢ normal controls in terms of average amplitudes of theta.
Hesvevur, unlike Mann et al. (1992) and Lubar et al. (1985), no significant
Hitfe:onces were found to exist between ADD and normal children in

terns of average beta amplitudes.
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The aforementioned EEG studies, as well as other similar studies
(Holcomb et al., 1986; Satterfield & Schell, 1984; John et al., 1983; Fuller,
1977), suggest that certain EEG parameters, such as alpha, theta, and
perhaps beta, are associated with the presence or absence of attention, or
attending behavior. In each study, children who were diagnosed as
having a deficit in attention were also found to have significantly different
EEG patterns than normal controls. Based on such findings, proponents of
EEG analysis contend that comparisons between individual EEG patterns
are a powerful means of determining relative attention (Lubar, 1991).

Another notable study was conducted by Matsuura et al. (1993). In
this study, the goal was to determine whether significant differences in
EEG band magnitudes existed between deviant children, hyperactive
children (ADHD) and normal controls from three different nationalities:
Korean, Chinese, and Japanese.

Matsuura et al. (1993) obtained samples of deviant, normal, and
ADHD children from each of the three counies, matching for age and
gender. For their assessment of deviant bei. .ior, they administered (and
scored) Rutter's questionnaires (Rutter, et al., 1970) to each of the subjects.
However, the screening of subjects for the presence of ADHD was
diagnosed in Psychiatric clinics in each of the three respective countries
and not by the researchers themselves. The breakdown of the groups, as

reported by Matsuura et al. (1993), was as follows:
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Deviant:  China (n = 39) Japan (n = 27) Korea (n = 87)

ADHD: China (n = 41) Japan (n = 27) Korea (n = 87)

Normal:  China (n = 27) Japan (n = 30) Korea (n = 26)

Eyes-open EEG was then recorded using the international 10-20
electrode system, developed by Jasper (1958) (see Appendix A for an
illustration of the International 10/20 System). The four EEG bands which
were considered were; theta, delta, alpha, and beta.

Matsuura et al. (1993) found that ADHD children exhibited higher
amplitudes of alpha and theta, and had lower percentage time of delta
than the normal and deviant groups. Also, children in the ADHD
category produced significantly lower magnitudes of beta compar.d to the
other two groups. The researchers concluded that ADHD was likely due to
a biological dysfunction which was expressed as significantly different EEG
patterns. However, Matsuura et al. (1993) found no significant differences
between the EEG patterns of deviant children and normal controls.
Therefore, they concluded that, unlike ADHD, deviant behavior is most
likely due to psycho-social factors, rather than a biological dysfunction.

The work of Matsuura et al. (1993) has provided additional evidence
to substantiate the use of EEG analysis as a means of discriminating
L »weoen children with and without attention deficit. This study is

* in that it provides evidence that EEG differences between

e aormal children are not culturally-based, but indeed biclogical
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in origin. If this is indeed the case, it provides additional evidence in
support of the using EEG analysis as a diagnostic tool. As well, the
findings of Matsuura et al. (1993) strengthen the theory which postulates
that ADD and ADHD are due to a biological dysfunction and not social
maladjustment.

STABILITY OF EEG OVER TIME

According to several studies (Graap et al., 1994; Burgess & Gruzelier,
1993; Fein et al. 1983; Gevins et al., 1979), EEG seems to be reasonably stable
over time. This stability is represented by test-retest reliability coefficients
1cpored in e literature which vary from approximately 0.75 to 0.90. As
wel' *he ine interior sites (which will be : = focus of this study) seem to
be ... .ost stable, having the highest reported coefficients of reliability
(Graap et al., 1994).

TEST OF V ARIABLES OF ATTENTION (T.O.V.A.™™)

BAsiISOFTHET.O.V.A, ™

The theory behind the T.O.V.A.™ stems from research in the areas
of vigilance and attention deficit. Studies in these areas have reported that
children with attention deficits (i.e. ADD or ADHD) generally exhibit poor
performance on tasks requiring either sustained or selective attention
(Klorman, Salzman, Pass, Borgstedt, & Dainer, 1979; Werry & Aman, 1975;
Sykes, Douglas, & Morgenstern, 1972; Sykes, Douglas, Weiss, & Minde,

1971).



By reviewing the relevant studies done in the area, Yellin (1980)
proposed that researchers use a standard visual stimulus as a discriminant
variable to test for attention. Based on tests of vigilance, he hypothesized
that individuals with attention deficits would perform poorly on a
discriminant stimulus test as compared to individuals diagnosed as
having no attention deficit.

These tests of vigilance eventually evolved inty a variety of
continuous performance tests (CPTs). The T.O.V.A.™ is one example of a
CPT. Simply, a CPT is a test which requires an individual discriminate
between a target and a non-target by pressing or not pressing a key.
Commonly, errors of omission and commission, as well as response time
and response time variation are the outcome variables which are used to
assess the individual's performance.

Halperin et al. (1988) investigated the use of CPTs as a means of
differential assessment of attention and impulsivity in children. They
found that errors of commission could be broken into parts to give even
more mearingful parameters. This study suggested that impulsivity is
most closely related to responses given before the presentation of the
stimulus. According to Halperin et al. (1988), these anticipatory responses
(AR) were significant indicators of impulsivity. To confirm this
hypothesis, Halperin et al. (1988) computed correlation coefficients

between anticipatory responses other measures of impulsivity, such as the
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Connors Teacher's Questionnaire (CTQ). They reported that all
correlation coefficients between AR and the CTQ were significant to the
0.01 level. This finding provided support for their hypothesis that
anticipatory errors were good indicators of impulsivity.

Werry et al. (1987) used a CPT to compare children with attention
deficit disorder with hyperactivity (ADHD), anxiety disorder, conduct
disorder (CD), and normal controls. Their findings indicated that ADHD
children exhibited more errors of omission than the normal controls, and
that both the CD and ADHD groups made significantly more errors of
commission than the normal controls.

Other studies (Waldman, 1990; Chee, 1989; Nuechterlein, 1983) have
reported similar results. Generally, studies in the literature report that
significant differences exist between ADD, ADHD, and normal controls in
terms of the percentage of omission errors committed, percentage of
commission errors committed and the mean response time variation.
Reaction time, however, is not mentioned in the literature as being a
significant indicator of attention or impulsivity.

RESEARCH AssOCIATED W ITHTHET.O.V.A.™

The T.O.V.A.™ was developed by researchers at the University of
Minnesota as a means of measuring individual attention. In many ways,

the T.O.V.A.™ is similar to a computer video game. The instrumentation
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consists of an IBM microcomputer, T.O.V.A.™ software, and a micro
switch (i.e. hand-held button).

The T.O.V.A.™V, itself, is a 22.5 minute objective, standardized,
visual continuous performance test (CPT) of attention and impulsivity. It
is a non-language based computerized test, requiring no right-left
discrimination and has negligible practice effects (Greenberg & Crosby,
1992). The developers indicate that the T.O.V.A.™ was intentionally
made long in order to assess attention during low arousal situations, as
well.

As with other CPTs, the T.O.V.A.™ requires the subject to respond
differentially to a cue (a square in this case), which is displayed on a
computer screen for an interval of 100 milliseconds. If the square (cue) is
presented at the top of the screen, the individual is required to respond,
whereas if the square is presented at the bottom of the screen, the
individual is required not to respond.

The T.O.V.A.™ measures four parameters: (a) errors of omission
(%EO), where the subject has failed to respond to the appropriate cue; (b)
errors of commission (%EC), where the subject has responded to a non-
cue; (c) mean correct response time (RT), which is the average amornt of
time it took the subject to respond (i.e. average time between target display
and subject response); (d) variance in response time (RTV), which

indicates the variability of response time (Greenberg & Crosby, 1992).
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Errors of omission (%EO) are used to determine relative attention,
whereas errors of commission (EC) are used to determine relative
impulsivity.

STuDIES USINGTHET.O.V.A. ™ As A MEASURE OF ATTENTION

Greenberg and Crosby (1992) examined T.O.V.A.™ results of 73
children clinically diagnosed as having ADHD. For normal controls,
Greenberg & Crosby (1992) used T.O.V.A.™ results from a sample of 775
children who had been tested in a previous study. The goal of their study
was to assess the diagnostic effectiveness of the T.O.V.A™ as a
discriminant measure of attention. Results of this study were not very
conclusive, indicating that the T.O.V.A.™ was effective to only a 0.611 - 0.8
level of sensitivity.

In a more comprehensive study, Greenberg and Waldman (1992)
compared children with ADHD, ADD, and normal controls, in terms of
their performance on the T.O.V.A.™. Results of this study indicated
significant differences between the three groups. The ADHD and ADD
groups made more omission errors and had greater reaction time
variability than the normal controls. The ADHD group also exhibited
more errors of commission and anticipatory errors than the other two
groups. Although the ADD group made more errors of commission than
the normal group, they did not make significantly more anticipatory

errors. These results suggest that the T.O.V.A.™ is able to discriminate
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between ADD, ADHD, and normal children on the basis of differential
performance on the various parameters.

The T.O.V.A.™ has also been used medically, to determine
stimulant dosages. Raymond et al. (1993) used the T.O.V.A™ to
determine optimum dosage of methylphenidate (MPH - or Ritalin) for
children with ADD. The assumption was made that children on MPH
should perform better on measures of attention (such as the T.O.V.A. ™)
than children who were not on the drug. This assumption was based on
the fact that MPH was an effectively proven treatment for children with
ADD.

Children were administered MPH starting with 5 mg and increasing
by 5 mg dosages every two weeks until a maximum of one milligram per
kilogram of body weight was reached, or side effects occurred. Medication
was administered twice daily, morning and afterncon. A baseline reading
of the T.O.V.A.™ was taken, then subjects were re-tested every two weeks.

The results of the study revealed a linear relationship between
increased dosage level and increased performance on the T.O.V.A.™ to an
optimum of 0.54 mg/Kg. The optimum dosage range was reported to be
between 0.32 and 0.62 mg/Kg. The researchers also noted that practice
effect for the T.O.V.A.™ was negligible since the T.O.V.A.™ task requires

constant attending.
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This study showed that optimal dosages of MPH for children with
ADD may be determined using the T.O.V.A.™. These results suggest that
a high correlation exists between performance on the T.O.V.A'™ and
relative attention and impulsivity.

STuDIES EMPLOYING BOTH CPTs AND EEG ANALYSIS

Studies which employ both CPTs and EEG analysis deal mainly with
the phenomenon of alpha-blocking, otherwise known as event-related
desynchronization (ERD).

One example of such a study was conducted by Dujardin et al. (1993).
In this study an attempt was made to determine what effect the degree of
attention (i.e. high attention or low attention) would have on the
magnitude of ERD (i.e. the magnitude of alpha).

For their study, Dujardin et al. (1993) selected 10 right-handed
subjects between the ages of 18 and 21. Subjects were first required to learn
a list of 12 words (i.e. memorize them). Then, they were asked to
differentiate between the learned words and certain distractors as they
were presented on a computer screen. Subjects, using a joystick in their
right hand, either moved the joystick to the right for true (i.e. learned
word), or to the left for false (i.e. distractor). There were two conditions
present: high attention (distractors close to target) and low attention

(distractors far from target). Task performance was evaluated using three
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variables: percent correct responses (%CR), percent false recognitions
(%FR), and mean reaction times (RT).

In the procedure employed by Dujardin et al. (1993), EEG was
recorded three seconds before and three seconds after stimulus
presentation. A source derivation was obtained by using signals from 5
different electrodes; a source site surrounded by 4 closest electrodes (at
right angles to the source site). The source sites used in the study were: C3,
CZ, C4, P3, PZ, and P4. Percent ERD (%ERD) was obtained using the
following formula:

(P-R) x 100%
where,
P = obtained power, and

R = reference power value.

It should be noted that Dujardin et al. (1993) recorded the EEG
patterns of their subjects using the international 10/20 system, and
digitized at a rate of 64 samples/second.

Dujardin et al. (1993) found significant differences existed between
resting neural activity and attending neural activity in terms of %ERD.
%ERD was significantly more pronounced in the high attention than in
the low attention situation, although it was present in both. The
researchers also reported that the phenomenon of %ERD lasted for
approximately 1 second. Onset of %ERD (i.e. decrease in alpha) was found

to occur earlier (approximately 0.5 seconds after stimulus presentation) in
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the high attention situation, than in the low attention situation
(approximately 0.8 seconds after stimulus presentation). As well, the
magnitude of %ERD in the high attention situation was found to be
significantly greater than in the low attention situation (p<0.001).

Dujardin et al. (1993) reported that performance was dependent
upon the degree of attention expressed in the task. The high attention
situation produced better results than the low attention situation. The
percentage of correct responses was found to be significantly greater in the
high attention situation (p < 0.05). On the basis of their findings, Dujardin
et al. (1993) concluded that the degree of ERD expressed (i.e. %ERD) is
directly related to the amount of attention exhibited by an individual.

Other similar studies have been conducted in the area of %ERD
research and have produced results consistent with those reported by
Dujardin et al. (1993). For example, Klimesch et al. (1990) found that
7%ERD increased during a long term memory task. This study suggested
that %ZERD was related to internal as well as external attending.

As well, Pfurtscheller et al. (1989) showed that %ERD increases
when an individual is planning or performing a voluntary movement.
This work suggests that %ZERD is also related to kinesthetic attending.

Sergeant et al. (1987), in a similar study, found that %ERD increases
as subjects performed a sensory discrimination task. They reported that

%ERD was directly related to the degree of sensory attending.
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In fact, the bulk of the research conducted on alpha and attention,
reports that as an individual’s level of attenuation increases, the level of
alpha decreases (as measured by an increase in %ERD). In other words, the
degree to which someone is attending is correlated to their average alpha
production.

STATEMENT OF RESEARCH

EEG readings and performance on the T.O.V.A.™ are two of the
current techniques used to assess relative individual attention. It is
hypothesized that these two measures should be highly correlated to each

cther, since they purport to measure the same construct; attention.

Therefore, the null hypothesis in this study will be Ho: P = 0 (where P is

the Pearson product moment correlation between EEG parameters and
T.O.V.A.™ parameters).
RESEARCH QUESTIONS

The primary question which this study will attempt to answer is
whether EEG patterns (in terms of wave magnitudes) and T.O.V.A.™
results are significantly correlated. Specifically, this study will be focusing
on the EEG parameters (waves) mentioned in the literature; Delta, Theta,
Alpha, and Beta. However, in order to be comprehensive, nine bands in
total will be examined (refer to table 2.1 for a list of the bands and band

specifications which will be used in this study).
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Pecir~n pronduct - ihernt correlation coefficients will be calculated
between the average mag. itudes of each of the nine EEG bands and the
results on each of ihe fcur pavameters; Errors of Omission (%EO), Errors of
Commission (%ZEC), ¥+ onse “"me (RT), and Response Time Variability
{RTV).

TABLE 2.1

Definition of Frequency Bands

| 40Hz
8.0 Hz

12.0Hz
16.0 Hz
20.0Hz
240 Hz
24.0Hz
32.0Hz
0.5 Hz 32.0Hz

There is no 6verlap of bandwidths with the Lexicor scftware
(Lexicor, 1990).

The sites which will be of primary concern in this study will be the
nine interior sites of C3, C4, CZ, FZ, O1, O2, P3, P4, and PZ; placed
according to the International 10/20 System (Appendix A). Correlation
tables between EEG bands and T.O.V.A.™ parameters will be computed for
each of these nine sites width of interest (refer to table 2.2 for an example

of the layout of these tables).
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Using a design such as that illustrated in table 2.2 will allow
inferences to be made not only about the type and degree of the
relationship between the magnitudes of the various EEG bands and those
of the four T.O.V.A.™ parameters, but also the nature of this relationship
across sites.

TABLE 2.2

Sample Correlation Table (example site C3)

. Band | Errorsof | Errorsof - Response [Response Time

Omission |"Commission .- Time = .| Variability

©
©

k=l el ol ol ol o2 iy = B =)

VDD |D DO |

moment correlation

This study also intends to investigate the utility of EEG bands, in
terms of their ability (if any) to predict performance on T.O.V.A.™
parameters. To this effect, a multiple regression analysis will be used in

order to determine whether or not any predictive equations exist.
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CHAPTER 3

METHOULS AND PROCEDURES

INITIAL SELECTION OF THE SAMPLE

It is only appropriate that this chapter begins by acknowledging the
efforts of Graap et al. (1994) who originally selected the sample of children
which were used in the following study. Special consideration goes to
Troy Janzen of the University of Alberta who was instrumental in
developing the procedural protocol used in this investigation. In fact, this
study was conducted as an addition to a follow-up study which was already
being conducted by Troy Janzen of the University of Alberta.

In the original design, Graap et al. (1994) set out to obtain a sample
of twenty five, normal-functioning, right-handed males for their sample.
To this effect, they approached a local elementary school and twenty five
candidates were selected. The boys selected were then provided with a
comprehensive orientation session regarding the intended study. During
the orientation, the boys were made familiar with the various materials
that were going to be used in the study, such as the cap, the sensors, the
electrogel, the computer and the computer software. Following the
orientation session, each of the twenty five boys was provided with a
detailed information package to give to his parents. This package

contained a description of the study, an informed consent form and a



history sheet: the latter two were to be completed by the parents or
guardians of the child.

Out of the twenty five boys originally selected, Graap et al. (1994)
reported that only fourteen volunteered to take part in the study.
Therefore, Graap et al. (1994) expanded the criteria to include left-handed
males as well. By so doing, an additional three participants were recruited,
bringing the total sample size to 17. It is this sam¢ sample of seventeen
boys (14 right-handed and 3 left-handed) which was used in the study
which is the focus of this thesis.

INSTRUMENTS

LEXICOR N EUROSEARCH-24 (NRS-24)

An NRS-24 machine (Lexicor Medical Technology, Inc., Boulder,
CO) was used to record the EEG pattern of each subject in the study.
ELECTROCAP

In order to receive brainwave information from the subjects, an
electrocap was used, which was connected to the NRS-24. This device
consists of a cap in which are positioned twenty electrodes according to the
international 10-20 system (refer to Ar~~ndix A for an illustration of the
International 10/20 System).

The NRS-24 collects EEG data from 20 locations on the scalp via the
electrocap. This information is then processed using the Lexicor Biolex

software.
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Settings for the NR5-24 were as follows: a Sampling Rate of 128
samples per second; a Gain of 32009; High Pass Filter of 0.5 Hz; Low Pass
Filter of 32 Hz.

Several studies have been conducted on the reliability of EEG
readings over time. For example, Fein, et. al (1983) recorded the EEG
patterns of normal and dyslexic children in a five hour test-retest
situation. They reported their results in the form of inter class correlation
coefficients (ICC), which measure the proportion of total variance
accounted for by inter-subject differences. For normal controls, Fein, et al.
reported reliability coefficients ranging from 0.8 to the 0.9 depending upon
the location of the sensor (i.e. site location). The reliability coefficients for
the dyslexic children were slightly lower. The researchers speculatcd that
these results may be attributed to the presence of more artifact (i.e.
contamination of data) in the EEG data of the dyslexic group.

Graap et al. (in press), using the NeuroSearch 24, conducted an eight
day test-retest study of the 17 normal elementary school children described
above. Using Spearman rank order correlation coefficients, reliability
coefficients were found to vary from a low of 0.35 to 0.96, depending on
sensor location and the task in which the children were engaged. Overall,
Graap et al. (in press) found EEG readings in the seven interior sites of C3,

C4, CZ, FZ, P3, P4, and PZ to be reasonably stable over an eight day period.
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TEST OF V ARIAPLES OF ATTENTION (T.O.V.A.™)

The instrumentation for this measure consists of a hand-held
switch connected to an IBM 486 DX computer and the T.O.V.A.™ software
program.

As described in chapter 2, the subject is required to respond
differentially to a visual cue presented on the computer screen for an
interval of 100 milliseconds (0.1 seconds). This cue consists of a square
which, if presented at the top of the screen, the subject is to press the
switch and, if presented at the bottom of the screen, the subject is not to
press the switch. The computer then records the four T.O.V.A.™
parameters of response time, response time variation, percent errors of
omission, and percent errors of commission.

The T.O.V.A™ has been standardized on a population of
approximately 2000 individuals ranging in age from 4 to over 80 years of
age. However, being a nev. instrument, there are no studies pertaining to
the reliability of the T.O.V.A.™ in the literature, nor do the developers
themselves report any reliability data.

DATA COLLECTION - ONSITE

All data collection was conducted at the school in which the boys
were enrolled. The equipment, which consisted of two computers, the
NRS-24, and the various wires and switches, was set-up in a workroom

within the school. All recordings were conducted during regular school



hours, each boy being taken out of class and escorted to the “study room”.
Each subject was once again familiarized with the equipment and the
procedures, with the addition of the second computer which was to be
used for the T.O.V.A.™,

ARTIFACT TRAINING PrRiOR TO EEG RECORDING

Prior to recording EEG data, each of the boys was shown his EEG
pattern on the computer screen. He was then instructed to create common
artifacts, such as eye movements, jaw-clenching, temporal tension, and
forehead tension. After seeing what these artifacts looked like, the child
was then directed to try to limit those movements which would lead to
such artifacts. All the boys, being already familiar with the procedure,
complied quite readily with the instructions. However, during some
recording sessions pauses were made and some of the boys were reminded
about the creation of artifact. By so doing, the researchers believe that
cleaner data was obtained.

EEG RECORDING AND ADMINISTRATION OFTHET.O.V.A. ™

As stated earlier, this current study was conducted alongside a
follow-up of the study conducted by Graap et al. (1994). Therefore, before
the T.O.V.A.™ was administered and an “on- T.O.V.A.™” EEG recorded,
the subjects first performed a number of other tasks. These pre-

T.O.V.A.™ tasks took approximately one hour to complete. The recording
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of the “on- T.O.V.A.™” EEG data, as wel! as the administration of the
T.O.V.A.™ were carried-out after these other tasks had been completed.

For the actual test conditions, each boy was seated in a comfortable
chair, approximately two feet from the computer screen. For added
comfort, a pillow and a foot rest were also made available if the boy
wished to use one. The subject was then briefly oriented to the
T.O.V.A.™, including a two minute practice session. The electrocap,
having been previously fitted to the child's head, was then checked for the
Jevel of the impedances. The electrocap was adjusted until all impedances
were below 5 ohms. It should be noted that all impedance and microvolt
readings were ear-referenced.

Once the above preliminaries were complete, each subject was
administered the T.O.V.A.™ and his EEG pattern was simultaneously
recorded. The T.O.V.A.™ and EEG were run simultaneously in order that
inferences regarding “on- T.O.V.A.™"” EEG patterns could be made later in
the analysis. Due to the fact that subjects had already been wearing the
electrocap for over one hour, EEG readings were only recorded for the first
ten minutes of the T.O.V.A.™ task. This was done in order to keep to a
minimum the amount of discomfort, if any, which was experienced by the
children. Usually, the electrocap gets quite itchy after a period of time. For
the purposes of testing the relationship between T.O.V.A.™ parameters

and EEG readings, ten minutes of “on- T.O.V.A.™” EEG recording was
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deemed more than sufficient. Each child, however, did complete the full
22 minute T.O.V.A.T™,

DATA ANALYSIS PROCEDURES

Originally, the EEG data collected was divided into the following
three categories (in order to mimic the T.O.V.A.™, which is divided into
four quarters, each of which is approximately five minutes in length):

(1) First five minutes “on- T.O.V.A.T™™"
(2) Second five minutes “on- T.O.V.A. ™"
(3) Full ten minutes “on- T.O.V.A.TM”

The original intention was to compute correlation coefficients
between the first five minutes of the T.O.V.A.™ and the first five minutes
of EEG recording, then repeating this procedure using the second five
minutes and the full ten minutes. However, since (1) and (2) were
actually extrapolations of (3), and in order to pare-down the data to a
workable size, only (3) was used for analysis purposes in this thesis.
Therefore, the relationship between the first ten minutes of “on-
T.O.V.A.™” EEG and T.O.V.A.™ scores over those same ten minutes

became the focus of the analysis of this thesis.
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CHAPTER 4

RESULTS

SAMPLE
SI1ZE AND AGE

This study originally began with a sample size of 17 subjects.
However, due to technical problems, the data of one of the subjects
(ID#=2) was not usable. Therefore, a sample size of 16 was used for the
remainder of this study and the analysis.

The average age of the sample was 138 months (11 years, and 6
months). The ages ranged from 126 to 148 months. EEG patterns for
individuals in this particular age range have been shown to be reasonably
stable over time ( Graap, 1994; Fein, et al., 1984).

RELEVANT PsYCHOMETRIC RESULTS OBTAINED IN PREVIOUS STUDY

In order to screen out any abnormal subjects (in terms of ADD &
ADHD), Graap (1994) administ red the Swanson Teacher Questionnaire
(SNAP ) to each of the 17 subjects in the sample. The criteria which was
chosen to differentiate between normal and abnormal was two standard
deviations above the published norms for the SNAP. Graap (1994)
reported that only one subject met this criteria, and even then, in only one
of the four subtests. Since this subject was deviant on only the one subtest,

and no further evidence (i.e. no abnormal problems at school, home, or



with his peer groups) was found to support dropping him from the study,
Graap (1994) retained him in the previous study. This subject was once
again retained for the purposes of this study.

Other than the above, no further psychometric measures were
administered to the sample group.

ARTIFACTING OF COLLECTED EEG DATA

The quality of the EEG pattern is affected by several factors, which
are referred to as urtifact. Common sources of artifact include extreme eye
movement, muscle tension, and excessive movement. The presence of
artifact in any particular epoch (2 seconds of recorded EEG) renders that
epoch unusable. In order to obtain the most reliable data possible, the EEG
record of each subject was visually inspected, epoch by epoch. Any epochs
which were not of extremely high quality (i.e. free from any type of
artifact) were discarded. All artifacting (i.e. removal of tainted epochs) in
this study was conducted immediately after each session. On average, 87
epochs were included per subject (Std.Devpooled=28 epochs).

Raw DATA RESULTS OF THE T.O.V.A.™ AND EEG READINGS

Actual raw number data for the T.O.V.A.™ parameters and average
EEG band magnitudes (and standard deviations) are presented in
Appendices B and C, respectively. In Appendices D and E, T.O.V.A.™ and
EEG data are presented in the form of box and whisker plots (boxplots).

Boxplots were chosen to represent the data in that they facilitate the



identification of any possible outliers or extreme cases. Although a
thorough analysis of all outliers and extremes is not within this scope of
this thesis, it will be the subject of a forthcoming paper. The boxplots are
included in this thesis for purposes of reference.

CorRELATIONS BETWEEN EEG BANDs AND T.O.V.A.™ PARAMETERS

For each of the nine channels (sites), Pearson product moment

correlation coefficients (P) were computed between the average magnitude

of each EEG band (refer to table 2.1 for specification of bands and
bandwidths) and the scores obtained on each of the four T.O.V.A.™
parameters. A directional (i.e. two-tailed) statistical test was used to
determine the significance of the obtained correlation coefficients. The
hypothesis being tested was that the correlation coefficients between each
of the four T.O.V.A.™ parameters and average magnitudes of each of the

nine EEG bands would be equal to zero (i.e. Hy: P 1oy am/ec = 0). With a
sample size (n) of 16 and a two-tailed alpha level of 0.05, the critical value
for “p“ was determined to be 0.43 (adapted from Glass & Hopkins, 1984,
p-549). However, due to the fact that the sample group was extremely
homogeneous (only normal-range boys), the critical value of P was

reduced to 0.40. This was done in an attempt to maximize inclusion of
any significant correlation coefficients which may have been present in

the data.



A great many correlation coefficients were computed for this study.
Coefficients between all four T.O.V.A.™ parameters and the magnitudes
of each of nine EEG bands across nine sites were computed (i.e. 4x9x9 =
324 correlation coefficients). Therefore, for the purposes of clarity only
significant correlation coefficients were presented in this chapter. For
complete tables containing all of the above-mentioned correlation
coefficients, please refer to Appendix F.

SIGNIFICANT CORRELATION COEFFICIENTS BY SITE

TABLE 4.1

SIGNIFICANT CORRELATION COEFFICIENTS FOR SITE C3

Notes. 1: p<005 2: p<0.025 3: p<001 4 p<0.005 5 p<0.00

%EO

%EC
RT = Reaction Time.

RTV = Reaction Time Variability.

Percent Errors of Omission committed.
Percent Errors of Commission committed.

For site C3, T.O.V.A.™ parameters were found to correlate with two
EEG bands: delta (D) and theta (TH) (see table 4.1). Strong negative
relationships were found to exist between delta and the three T.O.V.A.™
parameters of percent errors of omission (%EO), percent errors or
commission (%EC), and reaction time variability (RTV). This result
indicated that high average C3 delta was related to better performance on

the T.O.V.A.™, in terms of lower %EO, %EC, and RTV.
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As well, a strong negative relationship found to exist between theta
and %EC at site C3. This relationship indicated that the higher the average
C3 theta magnitude, the lower the %EC. It should also be noted that all
four of the above-mentioned correlation coefficients were significant to
the 98" level of confidence or better (i.e. p<0.025).

TaABLE 4.2

SIGNIFICANT CORRELATION COEFFICIENTS FOR SITE C4

Notes. 1: p<0.05 2: p<0.025 3: p<0.01 4:p<0005 5: p<0.001

%EQO = Percent Errors of Omission committed.

%EC = Percent Errors of Commission committed.
RT = Reaction Time.

RTV = Reactior Time Variability.

Of note in table 4.2 is the presence of the same four significant
correlation coefficients which were found at site C3: D vs. %EO, D vs.
%EC, D vs. RTV, and TH vs. %EC. However, the correlation coefficients at
this site (C4) appe~-ed to be smaller than those observed at site C3. Only
two of the correlation coefficients at site C4 were more significant than the
p<0.05 level: TH vs. %EC (p<0.025) and D vs. %EC (p<0.05).

It was expected that sites C3 and C4 would yield similar correlational
results. This assumption was based on the fact that these two sites are
positioned equidistant from the midline of the cerebrum, but on opposite

sides. However, as mentioned above, it appeared that there were



differences in the magnitudes of the observed correlation coefficients at

these two sites. Therefore, the hypothesis that the correlation coefficients

were equal (i.e. Pc; = P,) was tested. Using a z-critical value of 1.96 (i.e.

95% level of confidence) the null hypothesis was not rejected. Hence, it
was concluded that the observed differences in the magnitudes of the
correlation coefficients between sites C3 and C4 was due to chance alone.

TABLE 4.3

SIGNIFICANT CORRELATION COEFFICIENTS FOR SITE CZ

Notes. 1: p<0.05 2: p<0025 3: p<0.01 4 p<0.005 5: p<0.001

%EQ = Percent Errors of Omission committed.

%EC = Percent Errors of Commission committed.
RT = Reaction Time.

RTV = Reaction Time Variability.

Site CZ was one of the sites of interest, being that it was located in
the “geographic” center of the cranium. Again, delta at this site was found
to correlate rather strongly with %EO and %EC, and moderately with RTV.
Also, as before, the TH vs. %EC relationship was again present at site CZ.

A modest relationship which was not present in the previously
mentioned sites was the TH vs. %EO relationship. Although this was not
found to be a very strong correlation, it was noted in case it proved to be

part of a later pattern.
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TABLE 4.4

SIGNIFICANT CORRELATION COEFFICIENTS FOR SITE FZ

Notes. 1: p<0.05 2: p<0.025 3: p<o0.01 4: p <0.005 5: p <0.001

%EQO = Percent Errors of Omission committed.

%EC = Percent Errors of Commission committed.
RT = Reaction Time.

RTV = Reaction Time Variability.

FZ was the only frontal region site which was used in this analysis.
As before, the same four correlation coefficients were again present at site
FZ. Unlike the previously discussed sites, however, positive correlation
coefficients were found to exist between alpha (AL) and %EO and %EC at
site FZ. This result indicated that as the average magnitude of alpha (at
site FZ) increased, %EO and %EC also increased.

TABLE 4.5

IGNIFICANT CORRELATION COEFFICIENTS FOR SITE O1

0.77°
Betal 048"
Total EEG |  0.58° 047
Notes. 1: p<0.05 2: p<0.025 3: p<001 4 p<0005 5 p<0.001
%EQO = Percent Errors of Omission committed.
%EC = Percent Errors of Commission committed.

RT = Reaction Time.
RTV = Reaction Time Variability.

0.41
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Site O2 represented the greatest number of significant correlation
coefficients between EEG bands and T.O.V.A.™ parameters. Of greatest
interest are the extremely strong positive correlations between alpha and
%EO (p<0.001), alpha and %EC (p<0.005), and between alpha and RTV
(p<0.005). These coefficients indicated that as the average magnitude of Ol
alpha increases, %EO and %EC also increased. As well, it can be deduced
from the large, positive correlation coefficient between alpha and RTV,
that those subjects who exhibited lower average alpha also exhibited less
variability, in terms of their average reaction time.

Also apparent from table 4.5, are the moderately strong positive
correlation coefficients hetween betal (B1) and %EO, and %EC. These
correlations indicated that the higher the average B1 magnitude at site O1,
the higher the %EO and %EC. As well, a modest negative correlation was
found to exist between B1 and reaction time (RT), which indicated that the
higher the average B1 magnitude at site O1, the shorter the average RT.

Positive correlations were also observed between total EEG (TEEG)
and %EQ, and %EC. These correlations indicated that as TEEG at site O1
increased, %EO and %EC also increased. It should be noted that the TEEG
vs. T.O.V.A.™ relationship was found to be significant only at site O1.

One last notable finding from site O1 was the absence of the four
strong correlation coefficients which were previously mentioned: D vs.

%EO, D vs. %EC, D vs. RTV, and TH vs. %EC. In fact, significant
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correlations between delta or theta and any of the four T.O.V.A™
parameters were found only in the frontal (FZ) and central (C3, C4, CZ)
regions.
TABLE4.6

SIGNIFICANT CORRELATION COEFFICIENTS FOR SITE O2

0.63* 0.56* 0.66*°

Vetaz

Betaz .. . -0.49°
otal BEG | 0.41
Notes. 1: p<005 2: p<0.025 3: p<0.01 4: p<0.005 5: p<0.001

%EQO = Percent Errors of Omission committed.

%EC = Percent Errors of Commission committed.
RT = Reaction Time.

RTV = Reaction Time Variability.

As previously explained with sites C3 and C4, sites O1 and O2 are
also equidistant from the midline of the cranium but - n opposite sides.
Therefore, it was again expected that correlation coetticients for this site
would be similar to those found at site O1. Once again, a z-test was applied
to the observed differences. As with sites C3 and C4, no significaat
differences were found to exist between similar correlation coefficients at
sites O1 and O2. Therefore, the observed difference in the magnitudes of
similar correlation coefficients at sites O1 and O2 were accounted for by
chance.

Of note at site O2 are the strong positive correlations which were

found to exist between alpha and the three T.O.V.A.™ parameters of %EO,



%EC, and RTV, respectively. This indicated that lower occipital alpha
production was strongly related to lower errors of omission and lower
errors of commission, as well as more stable reaction time (in terms of
variation).

Another very interesting finding was that, contrary to what was
observed at site O1, site O2 contained no significant correlations between
Bl and any of the T.O.V.A.™ parameters. In place of Bl, however, a
strong (p<0.025) negative correlation between beta2 (B2) and RT was
observed. This result indicated that the higher the average B1 magnitude
at site O2, the lower the RT. It could be that Bl is produced more
predominantly in O1 and B2 is produced more predominantly in O2.

One last modest correlation to note from table 4.6, is that between
TEEG and %EO. Although the magnitude of this correlation coefficient
appears to be smaller than the same coefficient at site O1, statistically the
difference is not significant (at the 95% level of confidence).

TABLE 4.7

SIGNIFICANT CORRELATION COEFFICIENTS FOR SITE P3

Notes. 1: p<0605 2: p<0.025 3: p<001 4 p<0005 5: p<0.001

%EQ = Percent Errors of Omission committed.

%EC = Percent Errors of Commission committed.
RT = Reaction Time.

RTV = Reaction Time Variability.



43

TABLE 4.8

SIGNIFICANT CORRELATION COEFFICIENTS FOR SITE P4

0.59

——

Notes. 1: p<005 2: p<0025 3: p<001 4 p<0005 5: p<0.0C1

%EO = Percent Errors of Omission committed.

%EC = Percent Errors of Commission committed.
RT = Reaction Time.

RTV = Reaction Time Variability.

At sites P3 and P4, represented by tables 4.7 and 4.8 respectively,
alpha was the only band which was found to be significantly correlated to
any of the T.O.V.A.™ parameters. As was observed at the occipital sites
(O1 and O2), strong correlations between alpha and the T.O.V.A.™
parameters of %EO, %EC, and RTV appeared in the parietal (P3 and P4)
region. These significant correlation coefficients indicated that the higher
the average P3 and P4 alpha magnitude, the higher the %EO and %EC. In
other words, the greater the average alpha in the parietal region, the
higher the expected number of errors on the T.O.V.A.™.

TABLE 4.9

SIGNIFICANT CORRELATION COEFFICIENTS FOR SITE PZ

Notes. 1: p<0.05 2: p<0.025 3: p<001 4 p<0.005 5: p<0.001

%EQ = Percent Errors of Omission committed.

%EC = Percent Errors of Commission committed.
RT = Reaction Time.

RTV = Reaction Time Variability.



In terms of the type and magnitudes of significant correlation
coefficients, site PZ was found to be quite similar to sites P3 and P4. Again,
alpha was found to correlate to %EQ, %EC, and RTV. Of interest at site PZ,
was the observation that the magnitudes of the PZ correlation coefficients
of AL vs. %EO and AL vs. %EC were quite similar to the magnitudes of
the same correlation coefficients at site P4. Although these differences
were found to be non-significant statistically, they were mentioned as a
point of speculation.

It should be noted here that the standard deviations of alpha at the
occipital and parietal sites were also correlated to %EO, %EC, and RTV.
This finding suggested that higher levels of alpha in these regions was
most likely due to bursts in magnitude, and not a consistently high rate of
alpha production.

MULTIPLE REGRESSION ANALYSIS

Two multiple regression analyses were conducted in order to
determine the degree to which the two T.O.V.A.™ parameters of percent
errors of omission and percent errors of commission could be predicted
from the average magnitudes of the various EEG bands (based on the
sample of 16 normal boys). In each analysis, delta, theta, alpha, smr, betal,
and beta2 from each of the nine sites were used in the regression
equations. A multiple stepwise regression procedure, using a criterion of

0.05, was then used to provide the best-fitting equation for each of the two



models. For the purposes of this thesis, two indicators were used in order
to determine the “fit” (i.e. how well the equation accounted for the sources
of variation in the criterion) of each equation: the squared multiple
correlation (R?), and the standard error of prediction (Sp). The closer R* is
to “1”, the higher the degree of fit and the closer Sy is to “0”, the better the
fit.

TESTING THE ASSUMPTIONS OF THE MULTIPLE REGRESSION EQUATION

Multiple regression is based on two basic assumptions: normality
(i.e. normal distribution of observations) and homoscedasticity (uniform
variance). There is also a third, related, condition which should be met if
a multiple regression equation is to be generalized to other cases, and that
is the condition of independence of errors. For the purposes of this thesis,
all three of the above conditions were tested for each multiple regression
equation. To test the condition of normality, the residuals from each of
the two multiple regression equations were plotted on a normal
probability graph. This procedure required that all residuals be distributed
close to the observed vs. expected cumulative probability line (O/E-LINE)
in order for the condition of normality to be met. It should be noted here
that no distribution is perfectly normal and fluctuations of residuals
around the O/E-LINE are inevitable (unless the equation perfectly fits the

data - i.e. R*=1 and Sp).



To test the assumption of homoscedasticity, another regression
equation was computed, between the predicted standard residual (ZPRED)
and the square of the observed standard residual [(ZrResiD)’]. This
procedure required that the R? [(RES) ] value for this regression equation
be close to zero for the condition of homoscedasticity to be claimed
(adapted from Newbold, 1988, pp. 576-580).

To test for independence of errors a Durbin-Watson (DW) statisti
was computed for each multiple regression equation. In order to claim
that the errors were independent, the observed DW was tested against the
critical table value of 1.93. This value was based on sample size of 16, with
four predictor variables in the equation (adapted from Newbold, 1988, pp.
581-588).

PREDICTING ERRORS OF OMIssION FRoM A VERAGE EEG BAND M AGNITUDES

%EQO, = 1.49A_01 - 1.16A_02 - 2.83D_FZ + 1.07D_PZ + 373 ..ccccctecrurinicnnnaens ogf 4.1
where,
%EQO, = predicted percent errors of omission
A_O1 = average alpha magnitude at site O1
A_O2 = average alpha magnitude at site O2

D_FZ
D_PZ

average delta magnitude at site FZ

average delta magnitude at site PZ.

The multiple R for equation 4.1 was computed to be 0.95, providing
an R? value of 0.90. This R? value indicated a high degree of fit for model

4.1 (i.e. equation 4.1). The above model indicated that by using the
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average magnitudes the four EEG bands of A_O1, A_O2, D_FZ, and D_PZ,
90% of the variance in %EO was accounted for (i.e. predicted).

The S, for equation 4.1 was also found to be quite low, with a value
of 3.5. This meant that when using equation 4.1 to predict %EQO, the
predicted value (%EO,) would be expected to be within 3.5% of the actual
value (%EOpsrvin), using a 68% confidence interval.

A most intriguing finding that was observed in equation 4.1 was
that %EQO varied as a function of higher O1 alpha and lower O2 alpha.
This indicated that there may be hemispheric differentiation during a
visual task, in terms of alpha production. This same phenomenon was
also observed with delta (in equation 4.1). %EO was seen to vary
negatively with FZ delta and positively with PZ delta. This finding
indicated that differing magnitudes of delta in the frontal and parietal
regions could account for some of the variance in the observed irequency
of errors of omission.

An important note to make here is that, although this predictive
relationship is extremely strong, it can only be applied to normal boys,
aged 11 to 13; it cannot be generalized to the entire population. With this
in mind, it may be concluded from equation 4.1, that %EQ is a function of
occipital (O1 & O2) zipha magnitude and midline (FZ & PZ) delta

magnitude.



TESTING OF ASSUMPTIONS FOR EQUATION 4.1

Analyzing the normal probability graph for equation 4.1 (see
Appendix G, figure G.1), the observations were seen to be distributed more
or less around the O/E-LINE. Therefore, it was concluded that the
underlying distribution, upon which equation 4.1 was based, was
relatively normal.

For the assumption of homoscedasticity, a (RES)* value of 0.042 was
observed. This extremely low value, indicated that the :undition of
homoscedasticity was met for equation 4.1.

In terms of the DW statistic, a value of 2.55 was computed for
equation 4.1. Since this value was found to be significantly larger than the
critical value of 1.93, it was concluded that the condition of independence
of errors was met for equation 4.1.

PREDICTING ERRORS OF CoOMMISSION FROM A VERAGE EEG BAND M AGNITUDES

%EC, = "1.34A_C3 + 1.42A_P3 - 0.56A_P4 + 1.66B2_02 + 1.66.......cccco0cveunens eq” 4.2
where,
%EC, = predicted percent errors of commission
A_C3 = average alpha magnitude at site C3
A_P3 = average alpha magnitude at site P3
A_P4 = average alpha magnitude at site P4

B2_02 = average beta2 magnitude at site O2.

The multiple R for equation 4.2 was observed to be 0.95, providing

an R? value of 0.90. Again, this meant that model 4.2 fit the data extremely
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well, based upor: thz variables in tiie equation. The &; for equation 4.2 was
also found to be very low: S; = 1.67. Therefore, when using equation 4.2 to
predict %EC, the predicted value (%EC;) would be expected to be within
1.67% of the actual value (%ECpseavep), Using a confidence interval of 68%.

Also noted from equation 4.2 was the fact the: %EC appears to be
highly affiliated with average alpha magnitudc, especially in the parietal
region. Based on eguation 4.2, %EC varies negatively as a function of C3
and P4 alpha, and positively as a function of P3 alpha and O2 beta.
Speculating as before, it would appear that %EC is best explained as a
function of parietal alpha, left/central alpha, and right/occipital beta2.
Again, these findings were indicative of hemispheric differentiation.

It should be noted that the inferences made from equations 4.1 and
4.2 are based on the presence of all variables in the equations. Such
inferences could not be made about the individual variables in the
equations.
TESTING OF ASSUMPTIONS FOR EQUATION 4.2

The distribution of residuals for equation 4.2 was observed to have
a higher degree of normality than the distribution for equation 4.1 (see
Appendix G, figure G.2). As can be seen from figure G.2, the observations
for equation 4.2 are distributed quite close to the O/E-LINE. This indicated

that the underlying distribution closely resembled a normal distribution.



50

Hence, it was determined that the assumption of normality was met for
equation 4.2.

For the conditior: of homoscedasticity, a (RES)’ value of <0.00001
was obtained. This value was found to be consistent with the high
normality of this distribution. Based upon this result, it was concluded
that the condition of homoscedasticity was met for equation 4.2.

The DW statistic for equation 4.2 was calculated to be 2.52. This
value is well above the critical value of 1.93. Therefore, it was concluded
that the condition of independence of errors was met for equation 4.Z..

Both equation 4.1 and equation 4.2 satisfied all three cond‘tions
pertaining to multiple regression equations. Therefore, any inferences
made using either of these two equations may be considered valid. Of
course, this is providing that those inferences fall within the guidelines of
those allowed by multiple regression theory.

Complete computations pertaining to the preceding multiple

regression analyses are presented in appendix H.
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CHAPTER 5

DiscussiON AND CONCLUDING REMARKS

This study extended the knowledge in the area of EEG research by
establishing that certain EEG bands are indeed related to the cognitive
constructs of inattention and impulsivity. As well, evidence was found
which indicated the existence of predictive relationships between these
sarne EEG bands and cognitive constructs.

RESULTS

In order to explain the results in the most concise and coherent
fashion, they will be presented here by EEG band. As was the case in
chapter four, only those bands which were significantly correlated to any
of the T.O.V.A.™ parameters will be discussed in this chapter. Another
point to note is that inferences made in this chapter are based upon the
restricted population of normal (i.e. not ADD or ADHD) 11 to 13 year old
boys in relation to a visual performance task. Generalizing these findings
to other populations and/or other tasks would not be logical.

ALPHA

There has been a great deal of research conducted in the area of
cerebral alpha production, especially in the occipital region (i.e. sites Ol
and O2). Early researchers (Mulholland & Evans, 1965; Lippold, 1973; and

Nufiez, 1981) were convinced that the alpha rhythm was linked to eye-
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movement. However, later researchers (Dujardin et al., 1993; Klimesch et
al., 1990; Pfurtscheller, 1989; Sergeant et al., 1987; Warren and Haueter,
1981; and Kinsbourne, 1973) discovered that the alpha rhythm was more a
functic~ f underlying cognitive processes, such as attention, vigilance, or
all n

i most significant correlations observed in this study were those
between the mag:-:ude (and standard deviation) of alpha and the
T.O.V.A.™ parameters of %EO, %EC and RTV, especially in the occipital
(i.e. sites O1 and O2) and parietal (i.e. sites P3, P4, and PZ) regions. These
results suggested that alpha magnitude was strongly related to relative
attention and impulsivity (as measured by the T.O.V.A.™ parameters of
%EQ and %EC, respectively). Also, the fact that the standard deviations of
alpha were also correlated to %EO, %EC and RTV, suggested that higher
alpha levels were most likely due to bursts in alpha production.

As well, strong correlations were observed between alpha and RTV,
which indicated that variation in reaction time was also related to alpha
production. Several researchers (Waldman, 1990; Chee, 1989;
Nuechterlein, 1983) have reported that these same three parameters (%EQO,
%EC, and RTV) on continuous performance tests (CPTs) significantly

differentiate between children with attention deficit (ADD) and normal

controls.
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The claim of the early theorists, that the alpha rhythm was due to
eye-movement, may be ruled out as a possible conflicting hypothesis in
this study. This is due to the fact that eye-rolling (or eye-movement in
general) is an easily recognized form of artifact and epochs containing such
artifact were removed from the data pool. Therefore, it is highly unlikely
that a significant number of “eye-movement-epochs” remained for each
subject, to account for the extremely large correlation coefficients which
were obtained. Hence, the hypothesis that the observed fluctuations in the
magnitude of alpha were due to eye-movement is not a tenable one.

The results pertaining to alpha (i.e. alpha magnitude as a function
of relative attention) are more consistent with the findings of
contemporary research studies. Dujardin et al. (1993) reported that alpha
production significantly decreased as the level of individual attention
increased. As well, Klimesch et al, (1990) found that average alpha
production decreased as normal subjects were given a long-term memory
task (i.e. trying to remember some piece of information). Since active
memorization requires a high degree of focused attention, it can be argued
that the research of Klimesch et al. (1990) was ir wative ot alpha
production during a high attention situation.

Based on the observed results and the crfirming literature, it is the
conclusion of this study that average alpha magnitude, in the occipital and

parietal regions, is indeed indicative of the ¥evel of individual attention.
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THETA

As with alpha, a great deal of research has focused on the
significance of theta in the human EEG pattern. Se 'ral studies have
reported that theta is linked to attention (e.g. Janzen & Fitzsimmons, 1995;
Mann et al., 1992; Lubar et al. 1990; Holcomb et al., 1986; vatterfield &
Schell, 1984; John, et al., 1983; and Fuller, 1977). Some clinicians (such as
Lubar, 1993) even rely on average theta magnitude as one m = of
diagnosing attention deficit.

However, the results obtainet: in this thesis are not as conclusive as
those reported in the above-mentioned studies. Average theta magnitude
was not found to be significantly related to %EO (T.O.V.A.™ parameter
for attention). Recall, that the correlations between alpha and %EO were
no larger than -0.40. Although the direction (negative) of the theta vs.
%EQ correlation is consistent with the above-mentioned research, the
magnitude is not statistically significant. A possible explanation for this is
the fact that this study was limited in size and representativeness. Perhaps
a larger, more representative study would have revealed more significant
theta/ %EO correlations.

The non-significant theta/%EO correlation is, however, consistent
with the findings of researchers such as Nakashima & Sato (1992). They
reported finding no significant relationship between the magnitude of

theta and the level of concentration.
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Large positive correlations were observed between average theta
magnitude and %EC (T.O.V.A.™ parameter for impulsivity). Again, this
result is not consistent with those reported in the literature. Matsuura et
al. (1993) reported that ADHD (impulsive) children produced significantly
greater average theta than normal controls. Again, the discrepancy
between the results obtained in this study and those reported in the
literature may likely be accounted for by the nature of the sample.
However, this does not preclude the possibility that the result obtained in
this thesis is the appropriate one. Further study is needed to test this
hypothesis.

Another interesting finding pertaining to theta was that the
T.O.V.A.™ parameters of %EO and %EC are highly correlated to each
other (r = 0.88), but only %EC is significantly correlated to theta. This
result helps to confirm the hypothesis that inattention and impulsivity
are distinct traits.

DELTA

It chapter four it was discovered that a strong, negative relationship
existed between average delta magnitude and the three T.O.V.A.™
parameters of %EO, %EC, and RTV. Although this relationship was
found to be relatively strong in the central and midline regions, it was
non-existent in the occipital and parietal regions. These findings are

consistent with those of Matsuura et al. (1993), who reported that on-task



delta was more prominent in normal controls than in the ADD or ADHD
subjects.

BETA

One of the big surprises in this research thesis was the relative non-
significance of beta as a correlate of attention. This is contrary .o the
findings of researchers such as Mann et al. (1992), and Lubar et al. (1990),
who claim that the average magnitude of beta is one indicator an
individual’s level of attention. These researchers have claimed that beta is
one of the bands which significantly differentiates between ADDD/ADHD
children and normal controls.

In this study, Betal and beta2 together were only found to correlate
to reaction time. However, since reaction time cannot theoretically be
considered an indicator of attention (an attentive person could have slow
reflexes), this result was considered non-significart.

The findings of this thesis are consistent with those reported by
Janzen et al. (1994). They found that average beta magnitude did not
significantly differentiate between ADD children and normal controls.
MULTIPLE REGRESSION

The multiple regression analyses which were performed in chapter
four established that there indeed exists a predictive relationship between
EEG bands and T.O.V.A.™  parameters. These equations suggest that

attention and impulsivity (at least with regard to a visual performance



57

task) can be predicted using the average magnitudes of certain EEG bands
(mainly alpha and delta) originating from certain cerebral locations
(mainly occipital and parietal). As well, the equations suggest that both
attention and impulsivity are controlled by the differential excitation and
inhibition of certain EEG bands generated from specific cortical sites.

These findings are consistent with the work of Pfurtsckeller (1992),
who studied the affect of certain cognitive tasks on %ERD (decrease in
average alpha production) and ERS (increase in average alpha
production). Pfurtscheller (1992) discovered that during active cognition,
certain areas of the brain exhibited %ERD, while others exhibited ERS.
This finding led Pfurtscheller (1992) to conclude that during specific
cognitive tasks, some areas of the brain were activated while others were
inhibited. This is similar to the postulation put forth in this thesis, that
attention and impulsivity are each a function of differential excitation and
inhibition of specific waves, generated from specific cortical locations.

Another important note to mention was that two unique equations
were found to exist: one for attention (%EO) and one for impulsivity
(%EC). This provides further evidence to support the hypothesis that

states that attention and impulsivity are two distinct constructs.
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IMPORTANCE OF FINDINGS

The findings of this study, if substantiated, are of great consequence
to medical professionals, psychologists, educators, and ali those who
conduct research on attention and impulsivity.

Although it had previously been known that certain EEG bands
were related to attention and impulsivity, the correlational data from this
study has helped to establish the cerebral locations where these
relationships are strongest.

As well, the discovery of predictive relationships provides valuable
insight into the natures of attention and impulsivity (in terms of EEG
patterns). With further refinement, these predictive equations may be
used to establish accurate diagnostic and training protocols. These
protocols would be instrumental in the detection and remediation of
attention deficit and impulsive individuals.

APPLICABILITY OF FINDINGS

In recent years there has been a surge of interest in the area of EEG-
neurofeedback training for individuals (especially children) with attention
deficits. Those working in this area would greatly benefit from this
research. The findings of this study indicate that an alpha/delta diagnostic
and training paradigm should be used for the detection and training of
those with attention deficits. For impulsivity, an alpha/beta2 paradigm

would best serve the purpose (again, based on the results of this study).



Another applicable finding is the positioning of the electrodes in
order to best measur: the specific EEG bands which are related to attention
and impulsivity. Based on the results of this study, the occipital (O1 and
02) and parietal (P3, ™4, P7) regions are of greatest consequence.

S113GESTIONS FOR FUTURE RESEA: 1

Although this research has established that certain EEG bands are
correlated to inattention and impuisivity, it was by no means a
comprehensive treatise. Several related studies need to be conducted in
order to confirm and generalize the findings of this thesis. First, a
replication study is needed to establish the reliability of these findings.
This completed, a larger study would then be required. This study would
need to be more representative of the general population and include
ADD and ADHD samples, as well. By using uch a design, reliably
generalizable equations could then be established.

Another interesting extension of this research would be to use the
two predictive equations developed in this thesis to predict performance
on the T.O.V.A.™ parameters of %EO and %EC. By statistically testing
the accuracy of the predictions, the utility of the two equations could be
ascertained.

LIMITATIONS OF THESTUDY

As previously mentioned, the sampie for this study was not

representative of the general population. Therefore, any inferences based
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on this study cannot be generalized to all individuals. Also, the sample
size of 16 was quite small, which further restricts the types of inferences
which can be made.

The testing situation was another limitation of this study. The
inclu.: v of pre- T O.V.A.™ tasks led to a certzin degree of boredom on
the part of the subjects. By the time the T.O.V.A.™ task was begun, the
subjects were quite bored and restless. Although, it may be argued that
this added boredom may have helped polarize the sample (in terms of
increasing the variance on the T.O.V.A.™),

Another complication, which resulted from the inclusion of the
pre-T.O.V.A.™ tasks, was that EEG patterns were only recorded during the
first half of the T.O.V.A.™, As mentioned in chapter three, the electrocap
was removed early so as not to inconvenience the subjects, who had been
wearing the electrocap for over one hour (the cap gets quite itchy). A
future study would do well to preclude any prior tasks, and administer the

full T.O.V.A.™ (while recording EEG data for the full 22 minutes).
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APPENDIX A

THE INTERNATIONAL 10/20 SYSTEM OF ELECTRODE PLACEMENT

Front

Al A2

LEFT RIGHT

inion

LEGEND!?

F = FRONTAL ObpD NUMBERS LEFT HEMISPHERE

C = CENTRAL EvVEN NUMBERS RIGHT HEMISPHERE

T = TEMPORAL Z MIDLINE
P = PARIETAL
O = OccIpITAL

! Adapted with permission from Janzen (1992)
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APPENDIX B
TaBLEB.1
ET.O.V.A™ (1 T
TOVA Parameters Over the Entire 22 Minutes
ID# | 0_11 | 022 |%0_11{%0_22} c_11 | c_22 |%c_111%c_22| rt_11 | rt_22 var_l1|var_22} %c.r. j%cn.r
1 0 0 0 0 2 11 1 3] 589 565 142 157} 100 99
3 4 7 6 2 3] 17 1 s| 420] 3es] 77[ 115] 94| 99
4 2[ 18 3 6 4 42 2] 13| 493] 3s4] 167] 179 97| 98l
5 of 12 0 4 6| 35 2] 11| 491 400] 144] 192] 100 98]
6 9 32] 12} 1 4 39 2| 12| 523 505] 224] 278] 88| 98|
7 0 5 0 2 1] 22 0 7| 433] 429 102] 152 100] 100}
8 4 30 6 9] 20 72 8 22| 404] 397] 110] 334 94/ 92f
9 1 3 1 1 0 7 0 2| s05] s22] 98] 131] 95| 100]
10 0 2 0 1 2 9 1 3] 459] 444] 102] 128] 100 99|
11 2 8 3 2 1 28 0 9] 572] 476 138 174 97| 100
12 27 54 38 17 46 92 18 28| 424 339 340 326 62 82
13 0 11 0 3 8 40 3 12| 453] 460 116 267 100 97]
14 0 0 0 0 0 25 0 8] 418f 350 81 92| 100 100}
15 1 7 1 NIRE D s| 11| 500 5s8] 155 256/ 99| 95
16 0 1 0 0 0 3 0 1] 517] s86] 95] 181] 100 100
17 1 5 1 2 of 15 0 5| a484] 484] 93] 153] 99| 100
Key to Symbols
Symbol Description
011 Omission errors after 11 minutes
o 22 Omission errors after 22 minutes
%0_11 | Percent Omission errors after 11 minutes
%0_22 | Percent Omission errors after 22 minutes
c_11 Commission errors after 11 minutes
c. 22 Commission errors after 22 minutes
%c_11 | Percent Commissinn errors after 11 minutes
y7ac_22 | Percent Commission errors after 22 minutes
frt_12 Reaction time average over 11 minutes
lrt 22 Reaction time average over 22 minutes
var_11 | Variation of reaction time over 11 minutes
var_22 | Variation of reaction time over 22 minutes
%oc.T. Percent of correct responses made after 11 minutes
%c.n.r. | Percent of correct non-responses made after 11 minutes




APPENDIX B
TABLEB.2
RAwW DATA RESULTS FORTHET.Q.V.A.™ (22 T

TOVA Parameters Recorded Over an Interval of 11 Minutes

[ID#

o_11 %0_11 c 11 %c_11 rt_11 var_11
1 0 0 2 1 589 142
3 4 6 3 1 420 77
4 2 3 4 2 493 167
5 0 0 6 2 491 144
6 9 12 4 2 523 224
7 0 0 1 0 433 102
8 4 6 20 8 404 110
i 9 1 1 0 0 505 98fl
10 0 0 2 1 459 102|]
11 2 3 1 0 572 138]
12 27 38 46 18 424 340
13 0 0 8 453 116
14 0 0 «_ i a8 81
15 1 1 12l 5 00 155
16 0 0 ‘L' Y 95
17 1 1 o g 484 93
Key to Symbols
Symbol Description
o_11 Omission errors after 11 minutes
%o0_11 Percent Omission errors after 11 minutes
c. 11 Commission errors after 11 minutes
%c_11 Percent Comunission errors after 11 minutes
rt_11 Reaction time average over 11 minutes
var_11 Variation of reaction time over 11 minutes
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TABLE C.1

APPENDIX C

Raw DATA RESULTS OF EEG RECORDINGS ( DELTA)

, Magnitudes of Delta Per Si
ID# | d.c3 | dca | dcz | dfz | dol | do2 | dp3 | dp4 | dpz |Delta Av
1 26.10] 2460] 2790] 24.90] 25701 24.201 2550} 25.10] 26.J0 25.56
3| 2850 2990] 3040 27.00] 4050 3570; 3350{ 3520| 3140 32.46
4| 2410 24.30] 2840 2560 2560 24.00] 2640| 2430] 28.00 25.63
5| 2540 2620 3200]. 2620 25.80] 24.60{ 2450} 26.10] 27.80 26.51
6| 2510] 2590 28.00] 2200 26.80] 2750 27.40; 27.10] 2840 26.47)
7[ 2610 2830] 3130 2870] 27.00] 2330 2630] 27.20| 2950 27.52
8| 2190] 23.00] 2640 2330 21.50] 2050 2530] 2390 27.00 23.64
o] 2250] 23.30] 26.30] 2360 24.20] 25.10{ 2140| 1970, 2200 23.12
10] 2160] 2240 2410 2170] 2570 27.6C] 25.10f 27.00] 27.30 24.72
11| 24200 .. +0| 2620 2446] 2540] 23.90] 28.00{ 27.70| 30.00 25.91
12] 1870 2020 2160] 1970] 30.10] 26.00] 2440 24.80| 2430 23.31
13| 2210] 2290] 25.50] 2570 19.10] 18.80[ 23.90] 2250} 23.00 22.72)
14| 2420 2280 26.70] 23.10] 26.60] 24.80] 24.00{ 21.90] 2320 24.14
15| 2450 27.60] 28.20f 2650 26.00] 29.30{ 2620] 28.90| 28.80 27.33
16| 3050 30.20] 28.80] 27.80] 27.80] 29.80{ 32.50| 32.20} 31.50 30.12
17| 2550 25.00f 27.2)] 2480 26.40] 26.80{ 2670 26.60] 29.10 26.46
Standard Deviations of Delta Per Site
ID# ldsd_c3|dsd_cd4ld.sd_cz|d.sd_fz}d.sd_ol|ld.sd_o2|d.sd_p3|d.sd_p4|dsd_pz| d.sd_av
1] s890] 820 8e0] 880 850 780 9.10] 880 860 8.59
3[ 1000| 1050] 1070] 8.80] l1e650f 14.70{ 11.70] 13.20] 11.10 11.91
s| 8201 950 98¢l 910 9.00 350 880 840 940 8.97
517 cgo| 960l 11600 900 960] 790 970 10.30, 11.50 $.90
6| 880] 920 10a0] 660! 11.10] 12.30f 1130} 11.20{ 11.40 10.22
7 1010] 11.70] 32.80] 1090 10.80] 10.40[ 10.20] 11.4C] 11.90 11.13
8l 680 730] 920 770 730 720f 850 780 9.10 7.88|
— ol "840] 880l 93(i 860] 86C; 930 6590 670 7.10 8.19]
10| _ 650] 870 20] 580 800f 870! 810 9.00] 890 8.10
T 920]  940] 9s0] 790| 940 860 1270] 1190] 13.00 10.22
12[ 660 660 750 7.20] 1490 1040 1050/ 890 8.60 9,02]
13| sso| 720] 920] 9401 S60] 5301 880 €90 7.70 7.62)
Al 920, 780] 1040 770] 970] 870 &40 730, 7.70 8.54
15[ 840| 980 940 850} 1170l 1130} 10.v] 10.50] 10.70 2016
16] 1130] 11.€0] 10a0; 900f 94cf 1030 1190 1170 11.90 10.80
17| 730] 750 899 7200 840 850 9.20] 860| 9.60 8.27
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TABLEC.2

APPENDIX C

Raw DaTA RESULTS OF EEG RECORDINGS {THETA)

Average Magnitudes of Theta per Site

ID# | th c3 | thc4 | thcz | th fz | th ol | th.o2 | th_p3 | th_pd | th_pz | Theta_Av
1 16.60f 17.60] 20.10f 16.10] 1850 15.60f 17.00] 17.80] 1R.80 17.57
3] 2670 20.80] 22.40| 21.20| 2250 2050] 2030{ 2210] 21.00 21.28
4] 2050} 20507 24.40f 21.40f 1949! 20.10} 20.10{ 20.70] 21.80 20.99
5| 20.70] 21.60] 26.40f 23.00] 23.80] 24.80] 2220 25.30] 26.1C 23.77
6] 2040f 2040] 22.80f 19.001 17.60] 19.00] 19.90| 20.50] 20.70 20.03
71 2470 2360] 30.10] 2690| 21.20] 1890] 24.60f 24.60] 27.80 24.71
8 17.50f 17.40] 21.00f 19.50[ 15.30] 14.60{ 17.10f 16.00] 18.60 17.44
9 18.30| 18.40{ 24.60f 19.00] 12901 1310 1550{ 15.00} 16.80 17.07,
10 16.90f 17.30f 21.20] 1870 1360 15701 16.30; 1690] 17.60 17.13
11 23.20{ 24.40| 25.10f 24.00] 2330| 24.30] 28.10] 32.00f 31.00 26.16
12| 15.20f 16.50] 18.60| 17.40| 21.00/ 18.10| 18.30{ 1690 17.70 17.79
13! 17.80] 16.80] 19.70) 20.40] 1550} 1520 1740} 16.80f 16.20 17.31
14 19.80] 19.30{ 23.70] 18.50] 18.70| 16.50{ 20.40f 18.60] 19.80 19.48
15 16.00f 17.30{ 19.10] 17.001 20.00) 19.10f 18.00] 1940 19.70 18.40]
16] 25.10] 24.40] 26.50| 24.00] 2050 2090/ 25.00] 24.30] 25.30 24.00
17 19.40) 20.00} 2230 21.00{ 18.80] 18.60] 1870 18.30] 19.50 19.62

Standard Deviati £ Thet Sit

ID# {th.sd_c3|th.sd_c4|th.sd_cz| th.sd_fz|th.sd_ol{th.sd_o2jth.sd_p3th.sd_p4 th.sd_yz] th_sd_av
1 580 5.60 7.30 5.50 6.60 5.10 5.30 5.40 6.10 5.86
3 6.70 8.00 7.80 7.40 8.30 6.80 6.60 6.80 6.60 7.22
4 6.60 .80 8.00 6.50 6.70 6.90 6.70 7.00 7.50 6.97
5 7.80 7.40 9.00 7.20 7.70 7.20 6.20 7.40 7.50 7.49
6 7.20 6.40 7.70 5.70 6.60 6.80 9.10 8.80 5.€0 7.43
7 8.30 8.20 11.30] 1040 7.30 6.30 8.80 9,101 10.9C £.96
8 6.50 5.60 7.30 6.60 490 4.80 5.70 490 6.10 5.82
9 5.70 6.30 8.40 6.00 390 430 5.10 5.40 5.80 5.66
10 4.70 4.80 5.80 5.40 4.20 5.20 4.40 5.10 5.80 5.04
11 7.40 7.00 7.20 8.50 8.20 9.60 960 10.20] 10.40 8.68
12 4.70 6.00 5.80 6.40 9.50 6.80 6.80 570 6.20 6.54
13 5.10 5.40 6.10 5.80 5.00 4.80 5.20 5.30 5.10 5.31
14 5.50 5.60 6.80 5.70 6.40 4.90 590 5.50 5.60 5.77]
15 4.50 5.50 5.70 499 1010 7.50 5.40 6.40 5.90 6.21
16 10.90 860 11.70 9.60 8.60 8.10f 11.30 9.40{ 1040 9.84
17 6.60 6.60 8.20 6.80 6.60 6.50 6.00 5.90 6.20 6.60|
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APPENDIX C

TaBLECS
w 5 Of EEG RECORDINGS (ALP

Average Magnitudes of Alpha per Sife

D# | ac3 | ac4 | acz | afz | aol | ao2 | ap3 | aps | apz |Alpha Av
1] 1330] 1430] 1400] 11.10{ 17.80] 1550 1550/ 16.80] 16.50 14.99
3[ 1150] 1310] 1240 1070] 2060 16.30] 1510 1770 1620 14.84
4| 1610 1780 17.80] 14201 21.50] 21.10] 19.60] 1820] 2170 18.57
5| 1200] 1150 1390 1330} 19.90[ 2020 13.10] 1530} 1520 1493
6| 16.30] 27.00] 2020] 12.60] 24.60] 2840| 2440| 30.90| 2890 23.70
7] 19.20] 2450] 2470] 17.40] 29.70] 24.60] 23.60] 29.10] 29.00 24.64
8] 1400] 1740] 23.00] 1250 1420] 1420] 1690 1650, 19.10 16.42)
o[ 1070] 11.00{ 1170} 10.10[ 1480 1440( 1080 10.80; 1040 11.63
10] 1340] 1360] 16.10] 12.60] 19.90] 27.30] 1570] 21.00} 21.20 17.87]
11| 1480 17.30] 1540 13.20] 24.60] 29.00] 1830] 2400} 21.20 19.76)
12| 2090 24.10] 2290 2040] 56.50} 48.00] 39.10] 32.60] 33.20 33.08
13| 22.70] 2460 2800 18.30] 19.20] 1850| 26.80| 27.20| 26.60 23.54
14| 1420 1480] 1580 13.00] 33.10] 3390[ 1550 17.20/ 15.70 19.24
15] 1730 1750] 1830 13.70] 31.70] 36.50; 2290| 2440} 25.70 23.11
16| 20.40] 2770] 1940 18.20{ 20.30] 21.00] 2230{ 2280 23.10 21.69
17] 1960] 2030] 2500] 1540] 23.20] 2370{ 22.10] 2030] 24.50 2157

Standard Deviati f Alpt Si

ID# | asd_c3]asd_c4|asd_cz]asd_fz]|a.sd_ol|asd _o2|asd_p3|asd_p4[asd pz| asd av
1| 440 520 470] 360 630] 620 540] 670 690 5.49
3] 350] 520] 430] 350 960] 700] 600 950, 830 6.32
4] 640 630 620 510 1140 1060] 1030] 850 1140 8.47
s 310f 350] 470] 390l 580 730 3.40| 5.10] 440 4.58
6| 850 1320 980] 6.10] 1210 14.10] 1440[ 1590 17.70 12.42)
71 750 9200 9.40] 590f 1500{ 1240 1020{ 1530] 13.90 10.98
8| 510] 7.30] 880] 420 490 530 690 650 7.30 6.26
o[ 400 400] 380] 340] 660] 560 410] 320] 240 4.23]
10] 570 as80] 600 470] 870] 1350] 680 920 9.90 7.70]|
11| 460] 6201 530/ 410] 1160 1200 7.80] 1040[ 890 7.88]
12| v40] 1060] 970 740 22.80] 19.40] 18.00] 16.80| 1540 14.50
13] 1150 10.:0] 11.60] 830 730} 690] 1070] 1150 9.80 9.74]
14| 480 620] 59| 460 1590 1676] 590{ 720 6.10 8.14
15| 8.10] 740 800/ 560 1880l 21.10[ 1230} 13.10{ 1370 12.01
16| 1040] 1200] 850] 620| 11.70] 13.10] 11.50] 1150 1220 10.80
17] 780l 850 1120 5200 9.10] 9.90] 890 690] 940 8.54]
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TaBLECA4

APPENDIX C

Raw DatA RESULTS OF EEG RECORDINGS (SMR?

ID# | bl.c3 ] bl c4 | bl cz| bl fz | bl o1 | bl 02| bl_p3 | bl_p4 | bl_pz | Betal_Av
1] s520] 560] 560 5200 5100 450 510 520] 5.0 5.17]
3] 770 760 740 700 800 730 750/ 750 7.0 7.44
4 530 530 560 630 560 600 530 540 5.10 5.54
s| 510 550 650] 670 780 640] 580 5601 5.70 6.12)
6] 680 790 710] 620 700 740 740] 770] 7.20 7.19
7 830] 9.20] 930f 820 970f 930 940] 1030 11.00 9.41
8] 650 e70] 700l 670] 640 750 670 6.50] 7.00 6.78
9 550 550 590 530 680 650f 580 530{ 5.30 5.77
10] 680 690 7.00] 680 730 740 800 740 7.0 7.24
11] 620 640 6.10] 610 700 800] 630] 670] 650 6.59
12] 630 700] 660] 610] 1190 1020] 9.00] 810 840 8.18
13] 9s50] 950 10.00[ 9.40] 10.00[ 10.00] 1000 940 870 9.61
14} 650 630] 670 710] 690 660 690 680 620 6.67]
15] 720 830] 810 880 810] 960 750 880 860 8.33
16] 12800 14500 11.10 11.10f 9.60[ 10.0{ 1350} 12.50] 11.90 11.90})
171 740 790 8.00] 860 950] 880 750 740 770 8.09)|

Stapdard Deviati £ Betal per Si

ID# |bl.sd_c3blsd_cdbl.sd_czblsd_fzpl.sd_olbl.sd_oJbl.sd_pIpl.sd_pdbl.sd_pa bl.sd_av
1] 170] 170 1e0] 170] 160] 130 150 150] 150 1.57
3l 260] 280 230] 220l 280] 230] 260 240] 230 2.48)
4| 140 140 140 190 180] 1390 150 150{ 160 1.60)
5 140 160 190 170] 3.0 220] 160 170 170 1.91
61 210 240] 230 .190] 240 260 300 320] 320 2.68
71" 300 370 390 270/ 420] 370 440_ S5.00[ 590 4.06
g 210 200 2200 210] 200] 200f 200 190; 210 2.04
9 200 160, 170] 140 210{ 210 190| 170[ 160 1.79
10] 210 270[ 240] 200 290] 310f 280 310} 290 2.67]
11| 170 190 150 1.60] 200] 240 180 210] 210 1.90
12  230] 220 230] 180 460] 390} 370 3.10] 330 3.02)
13| 330 360] 390 340 4.00] 250 330, 240 320 3.29
1a[ 190] 200 200 210 220] 220 200 200} 170 2,01
15| 250 260] 280 290 300 390 250 3.10; 3.00 2.92)
16| 470, 580 4300 410 3.00] 290 450 410f 410 4.17]
17| 200] 250 230] 260 310] 290{ 240 220} 250 2.50]

74



AprENDIX C

TABLEC.D
W LT EEG RECORDINGS (BETAL
Average Magnitudes of Bets2 Pgor Site
ID# | b2.c3 | b2ca | b2cz | b2 fz | b2 o1 | b2_02 | b2 p3 | b2_pd | b2_pz | Beta2_Av

1 s00] 410] 400] 390 380 350 360 360] 340 3.77]
3l 5200 480/ 5000 470 5200 550 470| 440| 420 4.86
3l 4801 5000 490 580 480 570] 450 440] 430 491
5 4.70 470 5.20 .40 7.20 5.30 5.00 4.40 450 5.27]
ol 560 630] 560 510 5301 540] 540( 550f 5.00 5.47|
71 6.40] 640] 690 650 670] 710 630 650{ 6.80 6.62
sl s5.00] 5300 540f 580 5200 760 480 500 460 541
ol 450 450 470 440 490 450 430 440] 420 4.49

10l 480 440f 490 520 5200 5100 470] 450] 460 4.82

11 260l 500 460/ 450 580 680 470 480] 4.50 5.03

12 4.70 5.10 490 5.00 8.00 6.90 5.60 5.30 5.00 5.61

13 7.10 7.20 6.80 7.40 9.10 9.30 6.70 6.90 5.70 7.36

14 4.70 4.60 4.80 470 5.80 5.80 5.10 5.10 4.7G 5.03

15 6.90 7.70 7.70 9.90 5.80 6.10 5.50 5.60 5.60 6.76

16 7.70 9.60 6.80 6.90 5.50 5.60 6.90 6.40 5.90 6.81

17 6.60 6.70 6.80 7.80 7.10 6.40 6.80 5.80 6.20 6.69;

Standard Deviations of Beta2 Per Site

ID# |b2.sd_c3b2.sd_cdlb2.sd_cb2.5d_fz b2.sd_ollb2.sd_oZb2.sd_p b2.sd_p4b2.sd_p4 b2.sd_av
1 1.20 140 1.20 1.20 1.10 1.10 1 1 0.90 1.12
3 1.70 1.40 1.50 1.60 1.60 1.50 1.5 1.3 1.30 1.49|
4 1.40 1.60 1.30 2.00 1.70 1.70 14 1.1 1.20 1.49])
5 1.50 1.20 1.40 1.80 3.50 2.30 1.4 1.3 1.40 1.76)
6 2.00 1.7G 1.80 1.40 1.70 1.50 19 19 1.60 1.72]
7 ~.30 2.40 2.30 1.90 2101 200 24 2.7 2.80 232
8 1.50 1.50 1.60 1.70 1.60 2.30 1.2 1.5 1.40 1.59
9 1.60 1.40 i.50 1.30 1.50 1.30 1.2 1.2 1.20 1.3
10 1.80 1.40 1.50 1.70 2.00 1.90 1.6 1.4 1.30 1.62]
11 1.50 1.60 1.30 1.40 1.70 1.90 1.3 1.5 1.50 1.52
12 1.40 1.80 1.40 1.40 2.80 240 19 1.8 1.70 1.84
13 1.70 2.20 1.90 2.30 3.90 2.90 1.9 21 1.60 2.28
14 1.40 1.40 1.60 1.50 230 2.50 1.6 1.6 1.50 1.71
15 3.00 3.00 3.50 4.40 1.90 1.80 1.8 1.5 1.60 2.50|
16] - 3.00 4.60 250 2.60 1.70 1.60 2.3 21 2.00 2_4_j
17 2.00 2.00 2.10 2.20 240 2.20 24 1.9 2.00 2.13




TABLEC.6

APPENDIX C

RAw DATA RESULTS OF EEG RECORDINGS (BETA2)

, Magnitudes of Beta All per Si
ID# | btc3 | btcd | btcz | bt_f2 | bt_ol | bt o2 | b2_p3 | b2_p4 | bt_pz | BetaT_Av

1] 580 560 580 560 560 5300 360] 360 520 5.12
3] 650 680 660 6200 760] 960 470] 440{ 640 6.53
4] 680 650] 690] 680 700 9.40f 450] 440 6.60 6.54
5| 880 810 860[ 1250 1440] 1070{ S5.00] 440] 820 8.97]
6| 7300 780 800] 710f 740 790] 540 550 7.20 7.07
70 7300 740 740 800 1060] 1340] 630] 650 7.50 8.27]
8 ..ol 720] 670] 690] 920 1370 480] 5.00| 620 7.32
9 P01 60| 620] 720] 660 430] 440 580 5.88
10 o ‘ol 730 770] 850] 920] 470 450 7.90 7.19
11 s< 70| 780] 820] 1000| 1200 470| 4580] 7.0 7.91
12| 6500  630] 640[ 600 1150] 10.10] 560; 530 7.40 7.23
13] 960] 10.10] 850 1070] 17.30] 21.50] 670 6.90| 7.0 10.99)
18] o660 640 660 640 760 780 510 5101 640 6.44
15| 7.90] 790 780 820 850 88C, 550 5:  710) 7.48
16| _840] 670|790 760 750 840 690 . 730 7.7§J|
17| 9.00] 900 810 890 11.80f 990 660 810 8.60]

Standard Deviati { Beta Allpex Si

| ID# [bt.sd_c3|bt.sd_cd|bt.sd_cz|bt.sd_fz|bt.sd_ol[bt.sd_o2lb2.sd_p3b2.sd_pqbt.sd_pz bt.sd_av
1] 290] 270 260 260] 310f 250 100 100 270 2.34
3] 530 520 470] 490 680 539 150] 130 520 4.47]
4] 360 330] 310] 350 460] 410 140] 110 370 3.16}
5 2200 250 300] 310 660] 420] 140 130] 340 3.08
6] 4200 460 400 300 340 330 190 199 520 gﬂ)‘”
7] 470 510f 570{ 450 630] 5100 240] 270} 830 4.98
8| 400] 360 3700 350] 430 500 120] 150 4.10 3.43
9| 3200 300 310/ 280 470] 470] 120] 120 320 3.01
10] 3900 420 390 360 620] 530] 160 140 510 3.901
111 320] 370 270] 340 350 420] 130 150| 390 3 04
12| 330] 340 340 300 640 560{ 190 180 520 3.78|
13| 570] 720 7200 560 5900 5100 190] 210{ 6.10 5.20}
14] 410 430 390 560] 530 470] 160} 160f 390 3.89]
15| 4.10] 430] 460] 440] 470 540 180] 150 520 4.00[
16] 1190 13.10] 1140] 1150 760] 870] 230f 210 1190 £.94]
17| 370] 4.c0] 380 440 750 640] 240 190 4.90 4.33)
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ArpPENDIX C
TABLEC7
Raw DaTA RESULTS OF EEG RECORDINGS (BETA ALL)
, Magnitudes of SMR per Si
ID# | s_c3 s.c4 s_Cz s_fz sol | so2 | sp3 | sp4 ] spz SMR_Av
1| 680 670, 690 640 770 670] 690] 7.00 6.90 6.89
3| 970 930] 970 930 1360 1190 10.50{ 11.80} 10.60 10.71
4] 880 960 870 780 1000] 1000 940! 930] 980 9.27]
5| 690 660l 810 750 1050 850] 750 800 810 7.97]
6| 830] 840 830] 730 820 780 850] 810 820 8.12]
71 900l 940 1010f 920] 1120 1020; 10.10{ 1030, 11.00 10.06
8] 930] 850 960 880 9.60] 1080] 9.90| 940} 9.90 9.53
o 760 740 800l 730f 1030] 1010] 820 770] 7.70 8.26
10| 810] 780 8a40] 840] 1030] 990] 9.10{ 9.00] 920 8.91
11] 870 1080 870 820 1020{ 1010] 920 950 940 9.42)
12 700 730] 730] 660 1190 1080] 9.00 840, 860 8.54
13| 11.10] 1200 1190] 1130] 1150 13.00] 13.90] 14.60} 12.30 12.40
14] 890] 870 @sol 1020f 1240 1080 990 9501 9.10 9.82]
15|  soo] 890 880 900 990] 960 940] 930] 940 9.14
16] 2320 240 2170] 2170] 17.80] 19.50( 22.80] 23.60] 23.00 21.93
17] 940 1040 990 990] 1520] 1340 11.30f 11.90] 1140 11.42
ID# |s.sd_c3|s.sd_cdfs.sd_cz]s.sd_fz|ssd_ol|s.sd_o2|s.sd_p3| s.sd_p4 s.sd=pz s.sd_av
1 230] =210 220 200 240] 190] 180 210[ 230 2.12
3| 390 340 360] 400] 560 420 370! 480 410 4.14
4] 330] 3000 260 250 380 340{ 340] 320 3.20 3.16}
st 180 210 250] 220 400 290] 230] 220 250 2.50|
6| 290] 240] 260 _200f 250 2201 340] 270] 390 2.63]|
71 310] 290 3200 290 370 300 34r 320 370 3.23
8] 300 250 260 270 340{ 410 340] 330 320 3.13
of 2300 220 220] 220 380 360 290 220{ 230 2.63]
10l 270 260 2701 260 430 3200 300 330 310 3.06
11 290 340 250 270] 290 300 340] 300} 3.2 3.01
12| 2200 210f 2100 190] 370] 320] 280 280 290 2.63
13| 350 490 480] 380 3.60] 400 440] Suui 440 4.29
14| 370] 340 320 520] 460 410 390 380, 330 3.91
15] 270] 270] 270 290 300 340[ 3.30] 300 330 2.98
16| 1040] 1010 930] 1000} 670f 7.80] 9.60{ 1050| 10.30 9.41
17| 2800 290 270] 3200 590 530 370] 430] 420 3.89]
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APPENDIX C
TABLEC.8
RaAw DATA RESULTS OF EE CORDINGS G)
ID# | em _c3]| em c4 | em cz| em fz | em ol ] em 02 {em p3|em pd|em pz EMG_Av

1] 1200 1230] 1250] 11.60] 12.80] 11.20] 12.00] 1230} 1190 12.07]
3| 1740] 16.80] 17100 16300 2i.60{ 19.20} 18.00] 1930 17.60 18.14
4] 1410] 15.00] 1430] 14.10] 15.60] 16.00] 14.70] 14.70] 1490 14.82
5 1200 12.10] 1460] 14.20] 18.30] 14.90f 13.20] 13.60[ 13.80 14.08
6| 1510 16.30] 1540{ 2350 15.20] 15.20] 16.00] i5.80] 1540 15.32
71 17.30] 18.60] 19.40! 17.40] 20.90] 19.40[ 19.60] 20.50[ 22.00 19.46
8| 1570] 15200 16.60] 1550] 16.00] 18.40] 16.60] 15.90] 16.90 16.31
9] 13.10] 1290] 1390] 1260] 17.10{ 16.60{ 14.00] 13.00 13.00 14.02
10] 1490f 1470 1540] 1520] 17.50[ 17.30{ 17.10] 16.40] 16.80 16.14
11] 1490 17.30] 14.80] 1430 17.20{ 18.10] 1550 16.20] 1590 16.02)
12| 1330] 1420] 1390] 1270] 23.80[ 2090] 1790 16.50] 17.00 16.69
13| 2060] 2150[ 2190] 2070] 21.50{ 23.00( 2390 24.00] 21.00 22.01
14| 1540] 1500] 1560{ 17.30] 19.30] 17.40] 16.80] 16.30] 15.20 16.48
15| 15.20] 17.20] 1690] 17.80] 1790] 19.20] 1690 18.10] 18.00 17.47
16] 3€.10] 2860] 32.80| 3280] 27.40[ 29.60] 36.30] 36.00{ 34.90 33.83)
17] 1686] 1830] 17.90] 1850] 2470 22.20] 1880 19.30{ 19.00 19.50]

Standard Deviations of EMG per Site

ID# pm.sd_cem.sd_cem.sd_cdem.sd_f2m.sd_okm.sd_oEm.sd_ppm.sd_pem.sd_pi em.sd_av

1] 130] 120 130] 120] 130 1200 120 110] 120 1.22]
3] 120 150 1500 130] 1.80] 260 150f 1.60] 140 1.60)
a] 140] 150 150] 140 10l 220f 130 140 130 151
5 220 170] 170] 3e0] 6.8) 390 250 210 200 2.94
6] 1500 160 150 150 330 170 180f 160 170 1.60)
71 160 160 140 190 250 290] 1.60] 1.60] 150 1.84)
8| 130f 180 140] 140} 300l 340f 150 170 140 1.83)
9 110f 130f 120] 150] 180 160 130; 130{ 130 1.38)|
10] 170 150 150 180 230] 260 160 1.60; 200 1.84)
11| 200 170] 180 160 240] 230 200 160] 170 1.
12| 140/ 140 140] 130] 290} 270 190 180 180 1.84
13| 190] 260 190] 230 930] 590 250 240 190 341
14| 130] 1200 120 120 190 200] 160 130] 140 1.46}
15| 200 1s80] 180 210 280 240] 150 170} 170 1.98
16] 230 290 210 170 170] 220f 170 190] 1.60 201
171 220 2100 210/ 190l 320 250 200f 160 190 2.17
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APPENDIX C
TaBLECO
E IN

Average Magnitudes of Total EEG per Site

TD# t"iﬁ to_cd | tocz | tofz | to_ol | to_o2 | to_p3 | to_p4 | to_pz | Total_av
1 89.80] 9060 96.80] 8470] 96.90] 86.60] 91.00] 93.40] 93.80 91.51
3| 10720 109.10] 11090 102.50] 139.70] 125.90] 116.10{ 124.80} 114.40 116.73
sl 10050 103.90] 111.10] 102.10] 109.50] 112.40] 106.50| 103.40] 112.20 106.84
5| 9560 96.30] 115300 109.80] 127.80| 115.30] 100.50| 106.70] 109.50 108.53]
6| 10470 120.10] 115.30f 92.70] 111.90] 118.60[ 116.20} 12270} 121.00 113.69]
7[ 11830 127.40] 139.20] 122.30] 137.10] 126.20{ 127.20] 136.50] 144.70 131.00
8| 96.10] 100.60] 115.80] 99.00] 97.30{ 107.40] 103.70] 100.2%| 109.20 103.26
o[ 8830| s9.10] 101.10] 88.60] 98.20] 96.90] 86.00] 81.50. 85.20 90.54
10| 9430] 9460] 104.30] 9640 107.90; 119.50| 103.10] 109.80! 112.20 104.68
11| 10550] 11230 108.70] 103.00] 123.60] 132.20] 118.60] 126.16; :25.60 117.51
12| 9270 101.10] 10230 93.80] 174.60] 150.90] 131.20] 119.80] >21.70 120.90)
13| 12150] 12470] 132.30] 124.10] 123.30] 129.30| 13290| 131.10] 121.20 126.71
14| 10030] 97.80] 108.80] 100.40] 130.40] 123.60] 105.60] 102.00] 100.40 107.70}
15| 10290] 11240] 114.90] 110.80] 127.80] 138.20] 113.20] 12160 122.70 118.28
16] 164.30] 178.70] 155.10] 150.10{ 136.40| 144.70| 167.30| 165.80] 162.90 158.37
17| 11370] 117.60] 125.30] 115.00] 136.80] 129.70] 120.60] 11740 125.50 122.40]

Standard Deviations of Total EEG per Si

ID# |to.sd_c3|to.sd_c4 to.sd_lcz to.sd_fz|to.sd_ol|to.sd_o2lto.sd_p3to.sd_p to.sd_pZz to.sd_av
1| 1450 1440 1400 1300] 16.40] 14.40; 1320 14.10] 15.00 14.33
3| 1830] 2040] 19.30] 17.70] 3430] 29.40] 21.00] 26.80| 23.50 23.41
4] 1840 1930] 17.80] 1540] 27.20] 23.30] 21.90[ 18.00] 23.10 20.49
s 16.30| 16.30] 1990 17.90[ 24.40[ 18.00[ 1450, 17.10| 17.70 18.01
o] 1950] 2740] 2100 1280] 2450 2570[ 30.30] 33.50] 34.50 25.47
7 1820 2200 2240{ 23.20] 3250{ 25.80] 2470 3130| 33.50 25.96
8| 1460] 1580 19.90] 1470 16.50] 18.10] 15.10[ 13.30| 14.80 15.87
9l 1250] 1250] 1560] 1560] 18.20[ 18.30] 10.80] 11.60| 10.20 13.92
10| 1a50] 1280 1520] 1410} 24.10] 26.20] 18.80] 21.00] 21.60 18.70
11| 1560 1890 16.30] 1550] 1850 2040 23.80] 2170} 24.10 19.42
12| 1810] 1930] 19301 1590{ 48.00] 36.70] 3540 30.00; 31.10 28.20]|
13| 2200] 2460, 29.80] 18.80{ 26.80] 20.10; 25.00; 23.10] 23.10 23.70]f
14| 1670] 1780 19.19] 17.70] 30.80{ 29.60} 17.00] 17.30] 15.60 20.18]|
15| 1750 1710] 19.00] 1690 39.20] 38.70] 23.80] 29.10| 28.00 25.48]|
16] 3950] 4490 36.70] 28.70] 30.00] 32.60{ 38.10] 38.90{ 38.80 36.49]
17[ 1640] 17.30] 22.10] 16.00] 25.90{ 23.00 1850 17.40| 18.8) 19.50]f
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Ficure D.1
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BoxpLoT OF THET.O.V.A.™ PARAMETER OF REACTION TIME
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FIGUREE.2
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Ficure E.3

BOXPLOTS OF ALPHA ACROSS SITES
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FIGUREE.5

BoxPLOTS OF BETA1 ACROSS SITES
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FIGUREE.6

BOxPLOTS OF BETA2 ACROSS £1°ES
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FIGUREE.7

BOXPLOTS OF BETA _ALL ACROSS SITES
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APPENDIX H

MULTIPLE REGRESSION EQUATION 4.1

PREDICTION OF % ERRORS OF OMISSION FROM A VERAGE EEG BAND M AGNITUDES

Dependent Variable = %E_ERR (%Errors of Omission)

Multiple R: 0.94858
R Squarz (R?): 0.89980
Adjusted R Square: 0.86337
Standard Error: 3.52736

Analysis of Variance
DE Sum of Squares Mean Square

Regression 4 1229.07260 307.26815
Residual 11 136.86490 12.44226

F = 2469552 Signif F = 0.0000

Variables in the Equation ------------------

Variable B SE B Beta T Sig T
A_O1 1.488062 0.240565 1.577913 6.186 0.0001
A_O2 -1.164851 0.281680 -1.120178 —4.135 0.0017
D_FZ -2.834239 0.533369 -0.708503 -5.314 0.0002
D_PZ 1.071214 0.389375 0.328142 2.751 0.0189

(Constant) 37.292361 12.502890 2983000 0.0125

Residuals Statistics
Min Max Mean Std Dev N

*PRED -3.8886 35.6510 4.4375  9.0520 16
*RESID ~6.4400 3.8886  0.0000  3.0207 16
*ZPRED -0.9198 3.4483  0.0000 1.0000 16
*ZRESID -1.8257 1.1024  0.0000  0.8563 16

Total Cases = 36
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REGRESSION EQUATION 4.2

PREDICTION OF % ERRORS OF COMMISSION FROM EEG BAND MAGNITUDES

Dependent Variable = %C_ERR (%Errors of Commission)

Multiple R: 0.95098
R Square (R%): 0.90437
Adjusted R Square: 0.86959
Standard Error: 1.67168

Analysis of Variance

DE  Sum of Squares Mean Square

Regression 4 290.69797 72.67449
Residual 11 30.73953 2.79450

F = 26.00623 Signif F = 0.0000

Variable B SE B Beta T Sig T
A_C3 -1.343925  0.242953 -1.060908 -5.532 0.0002
A_P3 1.423372  0.158547  2.084231 8.978 0.0000
A_P4 -0.560021  0.144329 -0.741592 -3.880 0.0026
B2_0O2 0.995369  0.425837  0.288254 2337  0.0393
(Constant) 1.664124  2.311.85 0.720 0.4865

Residuals Statistics

Min Max Mean Std Dev N

*PRED -1.2051 17.8413  2.6875  4.4023 16
*RESID -2.2641 27714 0.0000 1.4315 16
*ZPRED -0.8842  3.4423 0.0000  1.0000 16
*ZRESID -1.3544 1.6578 0.0000  0.8563 16

Total Cases 36



