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ABSTRACT

An experiment was carried out to investigate the
relationships between steady potential level (SPL) fluctuations
and event-related potentials (ERP: CNV, N1, P2, P3) in a CNV
paradigm requiring an auditory discrimination. An "A-B-A"
design was employed with the "B" condition differing only in
that punishment (1 second of 95 db white noise) was
administered for incorrect or delayed choice. Mcnopolar
recordings of SPL, spontaneous brain electrical activity (EEG),
eye movement (E0G), and cephalic galvanic skin potential
activity (GSP) were obtained from 18 subjects (S5). For each S
single-trial ERP amplitude measures were correlated with each
other and with SPL preceding that trial. Few consistent
patterns of relationship were observed between SPL measured at
Cz and any ERP measure; however N1, P2, P3 and the CNV measures
all displayed significant patterns of interrelationships.
Analysis of within-S conditicn differences revealed a great
deal of variability. However, in Ss showing condition effects
CNV amplitude vas increased over the "B" condition. Pooled
subject analysis of variance showed significant sex, condition,
and electrode differences necessitating separate analyses for
males and females. The females as a whole displayed larger
amplitude CNVs and EPs in all conditions over all electrodes.
For both groups the expected attentuation of CNV amplitude
during the "B" condition was not observed and ,in fact, CNV
amplitude was generally increased during this condition. The
topographical distributicn of the CNV obtained in this study
demonstrated a frontally dominant early component and a more
centrally dominant later component. These data are interpreted
support for the ccncept of the non-unitary CNV. The overall
results are discussed in terms of the "ceiling hypothesis", the
CNV and situational anxiety, sex differences and methodological
problems in DC recording.
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Interest in the extreme iow end of the frequency spectrum
of brain electrical activity beqgan with the earliest recordings
from exposed mammalian cortex jin the late 19th century (Caton
1875, 1877, 1887; Beck 1891). These pioneer recordings
utilized DC recording methodology which allowed the
simultanecus observation of the "standing" cortical potential
as well as the very slowly changing cortical "currents" and the
faster "feeble” rhythmic oscillations of the spontaneously
active brain. These "feeble currents" were nothing less than
what was later to be called the electroencephalcyraam (after
Berger 1929). However, the technological 1i§itations of the
recording systems led to a prevailing interest in the slower
stimulus induced fluctuations which obscured the significance
of the spontaneous rhythes. Nonetheless the primary importance
of these early reports sas the demonstration that the observed
slow cortical "currents" were reactive to a variety of sensory
and motor phenomenpa in that both stimulation (central as well
as peripheral) and movement resulted in a slow negative shift.
These slow changes were found to be somewhat localized to the
specific neural tissue involved and appeared simultaneously

with low voltage fast activity (Beck 1891). Both Caton and



Beck believed that these negative "currents" indexed the degree
of cortical inw¥olvement (Brazier 1961) - a belief that is still

widely accepted today (see review by Rebert 197¢6).

As already mentioned, this early interest in slow current
variations was due in part to the techanical limitations of the
recording systems Wwhich vere able to reliably record slow
changes but could not follow faster frequencies or permit the
observation of small current fluctuations. Technological
advances in amplifier design subsequent to this period provided
greater amplification and a higher frequency response at the
expense of diminished 1ow frequency capabilities. This was due
to the fact that early amplifiers were inherently unstable
necessitating the addition of low frequency (high-pass) filters
to remove baseldine drifting (Caspers 1974). The wide spread
introduction of these capacitance coupled {AC) amplifiers
insured that the bulk of research on braimn electrical activity
until the late 30's would ignore the very slow cortical changes
vhich had attracted so much early attention. 0On a more
positive note these advances in amplifier design led to
recording instruments of sufficient seansitivity to allow Hans
Berger (1929) to observe the rhythmical spontaneous actiwvity of

the human brain with electrodes placed on the scalp. Berger



called the resulting recoraed activity an electroencephalogranm
{(EEG), following the pattern set by electrocardiography ({EKG).
although Berger is correctly credited with the discowery of the
human EEG, it was Adrian and Matthews ,{1934) who did the most
to advance the cause of electroencephalography by providing
public demonstrations of their findings. As soon as the EEG
gained videsptead credibility, electroencephalography became the
primary tool for research into brain function. Since the EEG
is most easily defined by its rhythaicity (.5 - 30 Hz): the
ascendancy of EEG methodology was a trend that further
diminished general interest in the very slow non-rhythmical

brain changes first reported by Caton.

Despite these obstacles DC recording began to make a
comeback in 1939 when Davis and his associates (1939a, b)
attempted DC scalp recording from humans during sleep.

Although these investigators were able to successfuliy record
steady potential level (SPL) filuctuations, they were not able
to demonstrate a consistent relation between the varjous stages
of sleep and variations in SPL. At approxjmately the same time
Libet and Gerard (1941) began a long and continulng series of
investigations into the relationship between steady potential

fields and neuronal activity. Simultaneously, the development



of chopper stabilized amplifiers provided the technical means
for Goldring amnd O'Leary (1950, 1951a, 1951b, 1953) and Kohler
{1949, 1952, 1855a, b, 1957) to begin serious investigatjon of
slow brain phenomena and their relatiomships to physiological

and psychological processes.

These in#estigations opened the so-called modern era of DC
recording (Caspers 1974) and sjnce that time a steadjily
increasing number of reports investigating various slow brain
phenomena have appeared. The list of potentiais studied is so long
that, for practical purposes, sub-groups of slow activities need
be identified. Unfortunately there is no general agreement as
to the criteria to be used for categorizing slow braimn activity
and classification schema abound. According to kebert (1976)
slovw activities can be categorjized as follows:

1) On the basis of a functional characteristic
{resting versus reactive potential changes)

2) In terms of the mechanisms of generatipn
{neuronal, glial, vascular and others)

3) In terms of the functional significance
{relationships between slow potential change

and neuronal activity)



4) On the basis of the temporal characteristics
(frequency; rhythmiticity; duration)
5) In terms of the general cerebral organization
6) In relation to specific neurochemical systems
7) In terams of different neuronal arrangeaents
{(cortical dipole versus reticalar)
8) In relation to overt eliciting factors
{sensory stimulation, reinforcement, adteration
of general arousal level, induced tissue
damage, etc.)
As can be seen from the previous list of relevant
dimensions, most slow brain activity can probably best be
categorized on multiple dimensjons as none of the dimensjons
are mutually exclusive. Unfortunately the information necessary
to cateqgorize any one slow brain reponse on many of the
relevant dimensions is rarely, if ever, present in ewven the
most elaborate studies using both intracerebral and
intracellular reccording. This problem is of course even
more serious in human studies employing DC scalp recording due
to the lack of certainty in even identifying the source of the
recorded potential as neural. Because of the present lack of
relevant information the definitional terms that are commonly

used in the literature for categorizing slow brain activity



(steady potentjal level, steady potential shift, slow potential
and infra slow potential) are necessarily somewhat iess than
precise. However, despite this imprecision these terms ¥ill be
defined and adopted throughout this thesis because they do
classify slow brain activity on several relevant dimensions and
allow this data to be indirectly related to a great body of
research obtained with intracerebral recordings from primarily

infra-human species.,



steady Potential Level {SPL)

The steady potential level (SPL) of any neuronal @ass
refers to the relatively constant potential difference that can
be observed between almost any two points sithin the neural
aggregate., Although SPLs have been recorded from many cortical
and subcortical sites (Avromov 1965, 1966; Kawamura and Sawyer
1964; Wurtz 1965, 1966}, the term SPL usually refers
particularly to the potential difference across the cortical
surface as measured against the depth of the brain, the
ventricles, a cut cortical surface or a location on the frontalk
bone. The SPL as thus defined has aiso at times been labelled
the cortical "standing® or %“resting" potential; but these more

phenomenological labels have since failen out of favor.

The existence of a cortical SPL was first reported by
'Caton {1875) and since that time it has been demonstrated that
the surface of the mammalian cortex is approximately 15
millivolts (mV) positive with respect to cortical layers V - VI

(Aldajova 1964) and 1 - 3 mV negative with respect to frontal



bone (Fromm and bBond 1964). As can be seen from these two
discrepant resualts the question of reference site is of cruciaik
importance in determining absodute SPL values for either
interindividual or interspecies comparisons. However,
regardless of reference site the SPL as recorded with
intracerebral electrodes has been shown not to vary by more

than 500 microvolts or so in aa hour (Goldring and OfLeary 19o04).

Although the SPL is correctly described as a npn-rhythmic
relatively constant millivolt level potential difference across
the cortical surface, there are, nonetheless, microvolt level
fluctuations in SPL which have been related to changes in
metabolic state, arousal level, sensory stimulation; movement
and information processing. These SPL changes have generally
been labelled as steady or slow potential {SP) shifts (Rowland
1968). In the past these slow changes have also been caliled
"haseline shifts" (Jasper 1936; Rowland and Goldstone 1962) due
to the observation that the SPL is the baseline on shich the
spontaneous EEG "rides" (O'Leary and Goldring 1964) and

therefore a change in SPL would be recorded as a change in



baseline.

Two distinct classes of SP shifts can be identified
empirically on the basis of their temporal and topographical
characteristics, These two types of SP changes will be called
wtonic" and "phasic" following Rebert?s (1976) suggestion in
his recent summary article. Tonic SP changes are those that
occur over a relatively long period of time and seem to be
somewhat uniform throughout the brain. In addition "tpnic" SPs
seel to be most clearly related to changes in the overall
nstate" of the organism and are most easily elicited by
inducing gross structural or functional change in the nearal
tissue. "Tonic"™ SPs can be contrasted with Yphasic® SPs in that
the “phasic" SPs are of relatively short daration aand asually
show a topographical distribution. Additionally "phasic" SPs
have been shown to be directly related to sensory iaput, motor

output and the so-called "higher" psychological processes.
Ionic SPs

Most of the research on tpnic SP fluctuations has

investigated these slow non-rhythmic respoases in relation to:
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1) the sleep-wakefulness cycle, 2) the effect of varjous drugs,
3) changes in cerebral gas tensions and 4) induced tissue
damage. Only the first two categories of research will be
summarized here as both these areas of investigatioam have
provided information relating "arousal"™ level to SPL in
relatively intact organisms. The last two categories are more
closely related to SPL change produced by functionad or
structural damage and, as such, are somewhat outside the focus

of this thesis.

Numerous studies of SPL fductuations during drossiness,
different stages of sleep, and abrupt or spontaneous aromsal in
both human and infra-haman species have demonstrated a
relatively high correlatiopn between SPL change and level of
arousal. There are of course exceptions to this gemeral pattern
of results. In fact, the first atteampt at relating SPL to sleep
stages (Davis et al. 1939a, b} was done with DC scalp recording
from humans and met with little success. The authors reported
that "no corredation could be detected betseen the stage of
sleep and the DC patential differences or changes im DC
potential observed between chest and head, scalp and mastoid,
frontal and occipital regions, or right and left sides of the

head." Despite this rather inaaspicious start, later studjes by




a

caspers (1961b, 1963, 1965), Avramov (1965, 1966), hurtz
(1965) , Tabushi et al. {1966) y Starobinitz (1966, 1967),
Marczynski et al. (1971) and pthers have demonstrated that the
transition froa wakefulness to slow wave sleep is accompanied
by a marked change in SPL. Although most of taese Eeports were
based on data obtained from intra-cerebral recordings, it is of
interest to note that the Starpbinetz (1966, 1967) articdes
reported similar findings with data obtained from human scalp

recordings.

In general the SPL changes with sleep onset hawe been
reported as positive in polarity. However, Wurtz et al. ({1964)
and Wurtz (1965) found negative shitts produced under the sane
circumstances. This discrepancy is probably due to the choice
of the reference site as the Wurtz studies employed an
extracerebral reference whereas the others all uased
trans-cortical recording (Caspers 1974). During the transition
from slow-wave sleep to "fast" or *"rapid eye movement" (REHN)
sleep the SPL shifts in a direction opposite to the shift
observed during the transition from wakefudness to sleep
{Caspers 1961by; 1963; Kawamura and Sawyer 1964; Wurtz et al.
1964, 1967; Tabushi et al. 1966; Wurtz 1967). Therefore the

Bmajority of reports have described negative shifts during the
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onset of REM sleep. However Caspers (1963, 1965) reported a
further shift in positivity with the onset of REM periods and
unfortunately, this descrepancy cannot be ascribed to
methodological differences. Arousal from sleep, regardless of
whether it is sudden or gradual produces a negative SPL change
of sufficient magnitude to restore the SPL to its pre-sleep
level {Caspers and Schalze 1959; Caspers 1961b, 1963; Kawanmura
and Sawyer 1964; Tabushi et al. 1966). This shift is even more

pronounced if movement occurs simultaneously with awakening.

In the awake animal increased activation has aidso been
shown to be accompanied with surface-negative SPL shifts whose
occurence often preceded the increased motor activity (Caspers
1961; Caspers and Schulze 1959). Furthermore electrical
stimulation of the ascending reticular activating system .(ARAS)
vhich is effetive in producing electrographic and behavioural
arousal also produces sustained negative SPL shifts (Arduini et

al. 1956; Arduini 1958, 1961; Kanai and Katzman 1960) .

In summary it appears that sufficient evidence has
accumulated to maintain that iancreased cortical arousad, as
indicated by changes in the spontaneous EEG, is related to the

appearance of surface negative shifts in SPL. Conversely
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positive SPL fluctuations are associated with decreasing levels
of arousal. The spatial dynamics of these changes are not so
thoroughly documented; however, the majority of studies
investigating topographical toamic SPL fluctuations have found a
similar pattern throughout the brain (Wurtz 1965b, 1966b;
Kawamura and Sawyer 1964%; Kawamura and Pompuano 1969; Avramov
1965, 1966) . These findings led wWurtz (1966Db) to conclude that
SPL changes observed with alte:ations of arousal level are due
primarily to metabolic changes uniformly affecting the entire

brain.

This conclusion is supported by the body of literature
dealing with the relatjonship betwe2n SPL and the effect of
various drugs. In generai drugs that prodace soparific and
narcotic effects such as the barbiturates and other
heterocyclic derivitives have been shown to produce positive SP
shifts in both cortical and sub-cortical structures (Goldring et
al. 1954a, b, 1959%a; Tschirgi and Taylor 1958; Arduinji 1962;
Kawamura and Sawyer 1964; Starobinetz 1966, 1967; David et al.
1969). On the other hand central nervous system (CA¥S)
stimuvlants such as strychnine, veratrine and catfeine have been
shown to induce pronounced negative shifts (Libet and Gerard

1941; Goldring 1963). Additionally it has been dempnstrated that
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adrenergic cortical activation produced a considerable negative
SP shift (Vanasupa et al. 1959) whereas drugs that suppress
adrenergic synaptic transmission (eg. chlorpromazine) induced

surface positivity.

Phasic_SPs

In addition to the relatiwvely iong lasting tonic changes

in SPL due to alterations in the overall "state" of the

organism, there have been countless descriptions of traansient
SPs that in general can be characterized as reflecting either
stimulus registration or some type of information processing.
Because of the short temporal duration of these reagtive SPs

they can generically be classified as ™phasic."

The first report of phasic SP changes came froa Caton's
{1875) earliest recordings from exposed cortex which clearly
showed negative current change in relation to the presentation
0of visual and auditory stimuli. Subsegqguent research has clearly
confirmed this early report by demonstrating that "if DC
recording is used, virtually ewery stimulus-bound cortical
activity is seen to be accompanied by a change in cortical

8teady potential" {(Caspers 1974#). Unfortunately muach of this
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vork is difficult to integrate because the polarity and

duration of stiamulus-bound SPL changes vary with the

recording technique, the kind of stimulation, kind and depth of
anesthesia and state of alerthess in unanesthetized
preparations. Despite these many sources of extraneous
variation there are several consistent findings that can be
discussed. The first is that any external stimulatjon - visual,
auditory, tactile or gustatory - produces a multitude of SP
shifts in both cortical and subcortical structures (Rowland
1968; Goldring and O'Leary 1951a, b; HKebert 1973a). It has been

shown that there are both "local" and "diffuse" SP changes

reflecting respectively, the direct sensory registration and
its consequences {general arousal, reinforcement, information
processing). The "local" SP changes are recorded aaximaldy from
the area of cortical representation for the particmlar stimulus
modality (Gumnit 1960, 1961; Lickey and Fox 1966; Caspers 1903;
Kohler 1957) or from the appropriate thalamic nuclei {Vastola
1955; Rebert 1973a). These "local" SP changes have almost
‘alua}s been reported as negatiwve in polarity. This pattern of

© mesults defines what Lickey and Fox (1966) call the "primary
Regative rule." Recordings from human subjects have generally
provided confirming evidence. Kohler and Held (1949) and Kohler

and Wegener (1955b) were the first to demonstrate SP changes to
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complex visual and auditory stjmuli in intact humans. These
authors maintajned that the recorded SPs were the "jsomorphic
cortical representation of the percept." The polarity of these
SP changes was first reported .(1949) as positive bat this
finding was due to the use of the vertex as tane reference. A
later study (1955b) employing an active vertex electrode
referred to the neck produced the expected surface negatiwe

SPs. More recently a study by David et al. {(1969) demonstrated
scalp recorded negative SP changes to tones and iight of

varying intensity and duration. They found that the dmratjon of
the negative shift was egual to the stimulus duratipn.
Purthermore the recorded SPs to light were maximal at the
occiput whereas the tone-induced SPs were maximal at the

vertex. Keidel (1971a, b) argued that thes2 SPs reflect "local"
SP changes related to the stimulus properties. However, this
conclusion vwas contested by Jasvilehto and Fruhastorfer {( 1973)
who demonstrated that identical SPs were recorded to random 1
second tone bursts and to random 1 second "silent" periods set
against an otherwise continuous tone background. These authors
Baintained that the SPs recorded in this situation were

- analagous to the contingent negative variation {(CNV) described

by Walter et al. (1964#). An equally plausible explanation is

that these SPs are the "diffuse" compoments of the
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stimulus~induced slow activity reflecting a more gemneral

process such as orientation or arousal.

One of the consistent results obtained in the human
(Kohler and Wegener 1955), in the chronic implanted cat
{(Rowland and Goldstone 1963; Gumnit 1961), in the acute
Plaxedilized cat (Lichey and Fox 1966) and in the rat (Rowland
1968) is the fairly rapid decrease in SP amplitude due tpo
simple repititjon of the eliciting stimulus. This §P
habituation effect is observed only with nonreinrtorcing stiamuli
(Rowland 1968). If reinforcing stimuli are used the SP
amplitude and polarity is determined by the "drive state" of the
organism (Rowland 1963, 1968; Rowland and Goldstone 1963). The

reinforcing stimuli investigated in this series of studies were

food, perineal stimulation in the estrous cat and rat, perjipheral
electric shock and both positively and negatively rejinforcing

hypothalamic stimulation.

Similar reinforceaent effects were reported by Marczynski
{1969, 1971a, 1976) in recording from implanted cats. These
8tudies demonstrated a positive SP shift, the reward contingeat
Positive variation (BRCPV), accompanying reinforcement. RCPV was

found to depend on the quality of reinforcement as the SP shift
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vas greatly reduced when water was substitated for milk.
steinmetz and Rebert (1972) also observed 5P shifts that varied
with the quality of reward. These SPs were negative in poldarity

and observed in the frontal areas following consumption. No

— comparable SPs were observed at the subcortical electrodes.

However, Irvin and Rebert (1970) 1eported SP changes to

reinforcing stimuli from such widespread subcortical areas as
the lateral hypothalamus, medial amygdala and midbrain

reticular formation.

The first evidence that SPs could themselves be

gonditioned was provided by Morrell (1960). In this study an
auditory signal was paired with low-frequency brain stimulation
Nin a classical conditioning paradigm. After a number of trials
the presentation of the previously ineffective auditory
Btimulus began to elicit SPs sjmilar to those produced by the
prain stimulation., Similar demonstrations of this same
£ 'phenomena wvere provided by Rowland (1961, 1967, 1968) and
Qﬁiouland and Goldstone (1963) who were able to demonstrate
fagonditioned SPs by pairing "newtral" stimuli with reinforcing
filtiluli in a classical paradigm. These investigators found that
t 8fter a number of pairings the presentation of the neutral

- Stimulus began to elicit SPs resembling the shifts produced by
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the presentation of the reinforcing stimulus alone. €These

conditioned shifts developed more rapidly with electrical shock

than with food as the reinforcer. Operant conditioning of SP

responses has been demonstrated by Pirch and Osterholm (1974)
~~ 4{p rats, by Rosen et al (1974) in monkeys and by Cohen (1974)

in mane.

SP shifts accompanying learning have primarily been
studied during ciassical conditioning paradigms using shock as
the unconditioned stimulus (UCS). Recent studies have

demonstrated the appearance of a multitude of cortical and

B LR S

subcortical SP changes during conditioning in rabbits, cats,

dogs, pigeons and monkeys (Chiorini 1969; Pinto-Hamuy et al.

;5969; Pirch and Barnes 1972; Skinner 1971). 1t is djifficalt to
«"iake general statements about this data as these SPs display
both spatial and temporal patterns that appear to be at dleast
= partly dependent upon the species and the particular paradigm
saployed. For example Chiorini (1969) observed negative SPs
'fron the feline somatosensory and motor cortices that deweloped
§radually over the conditioning trials and then diminished with
5 Uoth overtraining and extinction. On training trials the SP was
i §lngest over the cortex contralateral to the appiied UCS. This

- Bateralization was not observed during either pre-training
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habituation or extinction. Similar reports of negatjive SPs
accompanying conditioning can be found for the rat (Pirch and
Barnes 1972), pigeon (Durkovic and Cohen 1968) and c€at (Skinner
1971) . On the other hand Pintp-Hamuy et al. (1969) recorded
positive SPs from both sensory and motor cortex in the rabbit.
These SPs developed early in the training session and then
subsided when the animals performance had stabilized. A mixture
of positive and negative SP shifts was reported by Rebert and
Irwin {1969) and Irwin and Kebert (1970) in studies
investigating both classical appetitive and aversive
conditioning in cats. These authors reported an interaction
between type of conditioning, motivation level and the
electrode location. In the earlier stuady .(1969) negative S5Ps
were not observed in the motor cortex during acquisition.
However, in the second study (1970) it was demonstrated that,
with the same paradigm cortical SPs counld be recorded if
extremely motiwvating stimuli were used. This influence of
motivational factors was also observed for SP shifts recorded
from the lateral hypothalamus, amygdala and reticular
formation. Negative shifts were obtained froa ventgralis
posteromedialis that increased over training sessioms antil the
conditioned response (CR) stabilized, at which point the SPs

began to decrease. These shifts were observed in bpth
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conditioning groups and did not appear to be influemced by the
ljevel of motivation. The further observation that the SPs
accompanying aversive conditioning and the SPs accompanyiag
appetitive conditioning had a different topagraphical
distribution adds an additional level of complexity to an
already complex gquestion {Irwin and Rebert 1970). ®his data and
reports by others (Skinner 1971; Borda 1970) suggests that there
~are a number of different SPs and, of c¢ourse, an egual namber
of SP generators reflecting different aspects of the situwation.
- phe notion that there is a uniform SP correlate of gonditioning

is no longer tenable.

" The_contingent Negative Variation.  {CNV)

The CNV is a particular type of phasic negative SP first

observed by Walter et al. (1964) in scalp recording froa
humans. This SP was seen to develop in the intervad between tuo
stimuli (S1 and S2) as soon as the subject had formed an
hlssociation between these two events. In this classic study the
"88bjects were first presented with a random series pf clicks
"481) and flashes (S2). The two stimuli were then paired
_FOpeatedly and then, finally, the stimuall were again paired and

“the subiject was required to make a motor respoanse tp the omnset
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of 52. This last condition, a fixed foreperiod reaction time
task, is what has come to be called the CNV paradigm. Walter et
al. (1964) found that when S1 and S2 were presented separately
the vertex recordings displayed only typical evoked potentjais
(EPs) to the occurence of each of the stimuli. Pairing of S1
and S2 resulted in minor immediate change to the EP components,
although habituation by continuwous repjtitjon rapidly decreased
the amplitude of the recorded potentials. The addition of the
motor response requirement resulted in the development of a
slow vertex-negative shift in the interstimulus interval tbat
reached peak amplitude just prior to S2. This slow shjift was
labelled the CNV and was ascribed the function of Mcortical
primer;" preparing the subject for a quick and efficient
response. Later Walter (1964b, 1968) believed the CNV to be the
electrophysiological representation of a conditioned

association between discrete ewents. Evidence to support this
€laim was provided by the demoastration that the complete
withdrawal of S2 (extinctiomn) resulted in a progressive and
finally total decrement of CNV amplitude. In partial
@xtinction, wvhere S2 only followed S1 part of the time, the CNV
dmplitude was found to be directly related to the probabjlity

of S2's occurence (probability dilution). However, if the S1-S52

Pairing was maintained, consistent CNVs could be recorded over
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an indefinite number of trials as long as the subject was
attentive and responding (Walter 1964a). Data more coansistent
with the animal literature were obtained in a classjcal eyelid
conditioning paradigm (Walter 1964a). In this situaation no
operant response was required and consequently the CHV reached
maximum amplitude after about 20 trials and then declined
rapidly. The decrease in CNV amplitude occured at approximately
the same time that the response had become well established.

After 60 trials very little negativity coudd be observed and

the CR was appearing regularly.

Although the discrepant results for the classigal and
instrumental procedures were merely noted in this early reportg

subsequent investigations have extensively examined the rolde of

the instrumental motor response in the CNV paradigm (see reviews
by Tecce 1972). This concern vas prompted in part by the nearly
simultaneous discovery by Kornhuber and Deecke (1965) of the
®Bereitschaftspotential" or readiness poteantial (RP), a surface
fegative slow potential observed prior to volitionad movement.
The RP data led some investigators to conclude that the CNV and
&'IP ¥ere identical phenomena (Vaughan 1969). This assertion
Provided the "raison d'etre" fpr numerous studies demonstrating

. &hat the CNV could be obtained in situations that did not
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require an overt response (Cohen and Walter 1966; Cohen
1973;7Donchin et al. 1972; Picton and Low 1971). €The
independence between the KEP and the CNV vwere most cilearly
demonstrated when S2 was novel (Gullickson 1970), npciceptive
(Irvin et al. 1966) or signaled the start of an arithmetjic task
(Donchin 2t al. 1972). Further evidence for the independence of
% CNV and RP came from observed amplitude and topograghicald
differences (McCallum 1976) as well as from recent studies by
Loveless and Sanford (1974a, b, 1975), Weerts and Lang {(1973)

and Klorman and Bensten (1975, 1976) showing biphasic CNVs with

a long interstimulus interval (ISI) paradigm. These latter

l;~guthors argue that the biphasic CNV recorded under these

c¢onditions demonstrates that the CNV recorded with the usual

. $=1.5 second ISI is actually the summation of at least two

§ ﬁ¢ifferent SPs, each of which can be experimentally manipulated

1 .i-.ndependent of the other. The "early" SP is frontaildy dominant
aad appears to relate to orientation, as change in the S1
‘parameters can selectively influence this component. The
’!&ater" SP is centrally dominant, maximal at S2 onset and seeas
-primarily reflect preparation to respond (Weerts and Lang
73). These findings of a non-unitary CNV rule out any simple
juation of CNV and RP even though the "later" CNV gomponent

reflect RP and CNV processes.



25

In addition to providing evidence that the CNV and RP are
not identical phenomena, the previously cited body of data,
which suggests that there is no unitary CNV, provides a
pecessary rationale for understanding and integrating many of
the conflicting reports concerning the CNV and its relatioa to
particular psychological "constructs". This necessjty arose in
the years subsequent to the classic study .(Walter et adl. 1964)
as these researchers and others began intemsive investigation
into the psychological relevance of the CNV. According to
galter (1965a) and his co-workers in Bristol the CHNV was
primarily related to "expectancy" and, to a lesser degree,

Wattention" (McCallum 1968). Evidence to support wWaldter's

F assertion that the CNV was the cortical correlate of expectancy

came both from the data showing decrements in CNV amplitude due
to probability dilutioan and from the numerous studies

indicating the seeming independence of the CNV from the

particular stimuli used or response reguired. A contemporaneous
series of studies by Low et al. (1965, 1966a, b) repeated and
greatly extended much of Walter's early work. HowWever, on the
basis of their findings, these investigators concluded that the
v?"SlV vas more directly related to *conation® - the intent to

%:tespond - than to expectancy per se. Aanother conflicting
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viewpoint was put forward by the Iowa group which majntajned that
wpotivation,”" as defined in the Hullian framework, provides the
psychological unnderpinnings for the CNV. 1In this wiew CNV
amplitude is positively related to the motivation level of the
subject in the particular situation. This theoretical
formulation is able to account for much of the CNV data with
one notable ekception - the effects of distraction ATecce

1972) . It has been demonstrated by some investigators (McCailunm
1967, 1969; Tecce and Scheff 1869; Tecce and Hamilten 1973)

that distraction results in a decrement in the amplitude of the
CNV which is somewhat independent of motivation (it should be
noted that not all reports on the effect of distraction are in
agreement; see Welnberg, Curry and Peters 1976). Tp accouant for
the data on distraction Tecce (1970, 1971, 1976) and Tecce and
Scheff (1969) proposed that the CNV is simultaneously related

to both "attention® and "arousal" which are, it is argued, two
separate albeit related constructs. According to this position
the CNV is determined by the sjimultaneous interactipn of

arousal and attention processes. Attention is beljiewved to be
positively and monotonically related to CNV amplitude. On

the other hand the relation between arousal level and the CNV

is believed to be the familiar nog-monotonic inverted-¥u®

(Tecce 1972) so that both extremely low and extremely high
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levels of arousal lead to CNV decrements. This point was

further developed (Tecce and Cole 1976; Tecce &t al. 1976) as
the "distraction-arousal hypothesis."™ In this series of papers
the authors argue that the decremental effect of distraction on

the CNV is due to increased arousal levels.

As can be seen from this cursory review, the principal CNV
researchers have attempted to demcnstrate that the CNV is
psychologically relevant by manipulation of variables known {(or
presumed) to produce changes in a particular psychological
construct. If the CNV also varies with these manipulations ir
is asserted that the CNV is related to, or is a reflection of,
this particular construct. It is apparent that there are
several probleams with this approach. The first problem concerns
the lack of precision in the definition and elaboration of
terms such as "expectancy," “cpnation,® "mptivation® and
®arousal." A second and related problem is that the coanstructs
themselves are not even independent, let alone mutually
exclusive. In any one behavioural situation an individual will
be simultaneously expectant, conative, motivated, attentive and

aroused to varying degrees. If the experimental manipulatjions

. are designed to increase something called "arousal," there will

-~ Wndoubtably be simultaneous alterations in for exaaple,
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motivational and attentional levels. A third ana ew¥en mpre
serious problem is the recent evidence provided by Loveless and
sanford (1975) and others as to the non-unitary nature of the
CNV. In addition to the previously discussed data opbtained with
long ISI paradigms (Loveless and Sanford 1974a, b; ¥Weerts and
Lang 1973; Klorman and Bensten 1975, 1976), other imvestigators
have come to the same conclusion by examining the tppography of
the CNV (Weinberg and Papakostopoulos 1975; Cant and Bickford
1967) . Additional support for the non-unitary nature of the CNV
comes from intracerebral recordings in both human and

infra-human species during CNV tasks.

Basically the intracerebral recordings provide foar

relatively consistent sets of findings to support the
non—-unitary CNV model. One interesting finding reported hy
several investigators is that there are changes in the

distribution of the CNV as a function of task acquisition.

Bebert (1972c) observed conditjoned SPs in the retjicular systen
2 to 3 days prior to their appearance at the cortical surface.
Hablitz (1973) employed 2-week training blocks and obserwved
larger shifts more centrally than frontally during the first
" block of trials. However, by the third block this relationship

dad reversed so that larger shifts were recorded frpntally.
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Multiple cortical recordings have demonstrated that there are
at least two generators of the CNV. Large frontal as wsell as
central CNVs have been reported inp monkeys by Low ;{1969), Borda
{1970), Donchin et al. (1971) 4 McSherry and Borda 4(1973) and
Hablitz (1973). Additionally the form and distribution of the
CNV has been shown to be influenced by the task regquirements.
In monkeys Donchin et al. (1971) reported that during a
standard CNV paradigm there was little evidence of SPs
post-centrally as the distribution was frontally dominant.
HoWwever, by requiring the monkey to make a motor respoanse to
$1, a large shjft appeared at the post-central elecirode and
simultaneously the frontal CNV was reduced. Lastlyy evidence
has accumulated demonstrating both a dissociation betwWween SPs
recorded at cortical aad subcortical sites and the multipljicity
of subcortical shifts occuring concurrently {(Haider 1968;

Rebert 1972c, 1976; McCailum et al. 1973, 197s8).

Taken as a whole these reports provide compelling evidence
that there is no such entity as the CNV. Instead there appears
to be a number of different SPs that either separately or in
Gombination can be recorded in particular experimeantal
| 8ituations. At least several of these SPs appear to be

differently affected by various psychological processes so
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that the search for the psychological correlate of the CNV is

probably fruitldess.

A separate class of slow brain activity has been described
by Aladjalova ;(1964), Norton and Jewett (1965), sano (1967) and

others. These investigators have reported rhythmic slow

_oscillations ranging from 15 to .5 or less cycles per minute,
These infra slow potential oscillations (IS5P0O) have been
recorded from both human and infra-human species. Aladjalova
(1964) and Sano (1967) both regort ISPO obtained frpm humans
that did anot seem to relate to any observed physiodcgical or
psychological variable. However, sirton et al. (1973) report
ISPO recorded from the human scalp that appeared to be related
to respiration even though the oscillations coptinued during
prolonged breath-holdimg. 1In recordings from implanted animals
Aladjalova (1964) observed changes in 1ISP0O that seemed to be
related to the induction of stress although the latency pof
these changes, up to an hour or more, casts doubt on the nature
of the relationship between the stimulation and ISPO. In addition,
other investigations (Norton and Jewett 1965; Pirch and Norton

1967; Ramos and Rosenbleuth 1967) have reported ISPO in animals
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not specifically stressed. At present it seeamas clear that the

bhysiological and/or psychological significance of these very

slow oscillations has yet tc be delineated.

some_Interelationships Betseen SPL, SPsS, EPRs_and the EEG.

One of the first reports of brain electrical activity
included the observation that the slow stimulus-induced
negative shifts were alvways accompanied by a decrease in the
#feebler" rhytheic currents (Beck 1891}. <=This observation was
nothing less than the first report of alpha blocking (EE6
desynchronization) occuring simultaneously with surface
negativity (Brazier 1961). Half a century later, Jasper (1936)
became the first to explicitly hypothesize and demonstrate that
negative SPL shifts are related to increased corticail
excitability and as such should be related to low vpltage fast
activity in the EEG. Since that time there have been numerous
observations of the relationship between SPL and the EEG.
Probably the most thoroughly documented studies are those that
have examined SPL fluctuations duriag the sleep-wakefulness
Cycle (see section on tonic SPs). In general it has been
demonstrated that increased excgitability (EBEG

desynchronizatjon) is associated with surface negatiwvity




whereas high voltage slow activity is accompdnied with surface
positivity. Changes in the spectral composition of the EEG
relative to phasic SP changes have been reported by Rowland and
Goldstone (1963), McCallum and Walters (1968b), pPeters (1976)
and others. Basically these researchers have also found the
same relationship between increased negativity and fast
activity althbugh there is some evidence (Bowland 1968; Peters
1976) that the changes in SP and EEG are not causally related

as they can at times be dissocjated.

In additipn to the evidence just presented to demonstrate
that the EEG and SPL are related, there is a comparable body of
literature detailing the relatjonship between SPL and evoked
#potentials {EPs)- recordea from the cortical surface .{Bindman et
8l. 1962; Bishop and O'Leary 1950; Lippold et al. 1961;

@éoldring and O'Leary 1951; Froam and Bond 1967). Quoting

|- from Bindman et al. (1962):

It has been demonstrated that the form, size and
polarity of evoked responses are related to the
pre-existing surface potential of the cortex. This
seems to be true whether the changes in pptentjal are

spontaneoﬁs or produced experimentally. When the
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cortical surface of the braimn goes positiwe the
evoked potential becomes larger; if negatiwve smaller.
Specifically, if a relatively strong surface positive
polarity is applied across the cortex and the
amplitude of the EEG waves increase, the initial
positive component of the visual evoked response
dissapears, the negative component increases in size
and the number of single cell discharges jincrease.
The opposite eftects are produced by surface negative

polarization.

"This finding of a reciprocal relationship between the poldarity
of the SPL fluctuations and the augmentation of particular EP
components has been supported by numerous investigations
manipulating SPL by such various means as applied polarization,

- amoxia, drugs and induced metabolic disturbances.

a

Further ewidence that SPL changes can influence the
®aplitude of EP components has been provided by studjes
davestigating the EPs to either S2 or an additional stimulus
}ttroduced into the ISI of the CNV paradigm. The relationship
ween the amplitude of the CNV and tae EP to S2 was injtially

Ported as inverse by Walter {1964a, b, 1966a). Severad
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absequent studies found either no relationship (Small and

i Small 1970) or a positive one (Cohen and Walter 1966). However,
" saith (1976) systematically compared EPs to identical stimuli

_im both CNV (S2) and non-CNV situations and reported greater
'positivity, less negativity and shorter latency in the CNV
isituation. EPs to stimuli interjected into the ISI of the CNV
ask were found to be of larger amplitude and shorter datency

. ¢han EPs to identical stimuli presented in the inter-trial
jnterval (McAdam 1969; Timsit et al. 1969). These findings have
been interpreted as evidence to support Walter's (1864a) npotion

‘4hat the CNV fanctions as a "cortical primer."®

Although the data relating SPL to the EEG and the EP

are not totally coherent, there are nonetheless certain
7eonsistencies morth summarizing. Surface negative SPL change
has generally been related to low voltage fast activity,
aggmentation of the positive EP components, attenuation of the
Begative EP components and a decrease in the latency of ali
components. On the other hand surface posjtivity has been
&8sociated with EEG synchronization, augmentation of the
Regative and attenuation cf the positive EP components. The
data obtained from EPs collected during various sleep stages

demonstrate that the latency of most cpmponents increases as a
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function of the level ot sleep (Shagass and Trusty 1966;
shagass 1972). This provides indirect evidence that surface
positivity is associated with increased latency since positive

SPs are known to occur during sleep (see section on tonic SPs).

In striking contrast to the numerous attempts at relating

~ 8PL to both the EEG and the EP, there have been very few

investigations concerning the relationships between warious SP

,,,,, types. Despite this lack of data a theoretical relatiomship

. petween the CNV and SPL has been postulated by Knott and Irwin
{1967, 1968) to account for some seemingly anomalous CNV
~findings. In these stuadies and others (Low and Swifit 1971; Knott
ad Peters 1974; Peters and Knptt 1976) it was demoastrated
that low anxiety subjects produced larger amplitude CNVs than
~did high anxiety subjects in a stressful sjtuation whereas
:fhere were no differences in a low stress situwation. "This was
knterpreted to be due to the fact that high anxiety subjects
eperated nearer to'their maximum negative cortical level in allk
vituations and that when they are stressed {and develop a

ffuse conditioned emotional response) the shift goes to or
_n?arly to the maximum. When the "response" conditipn {(CNV) is
ded no further shift can be developed” (Knott 1972). This

terpretation has been labelled the "ceiling hypothesis" in
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that the SPL is assumed to have a finite range and as the SPL
approaches its point of greatest negativity, "the ceiling," any
further negative shift will necessarily be reduced pr
eliminated. 1Indirect evidence concerning the validity of tiae
ceiling hypothesis is rather sketchy. Low (1969) observed that
in some cases the CNVs appeared to be larger if the pre-S1
baseline had shifted positiveiy. Additionally Rebe;t (1976)
reported the observation that in one monkey a 2 - 3 mV negative
sPL fluctuation occurred spontaneously during a CNV paradigm

. and completely abolished the CNV for its daration. Howewser, it
has also been demonstrated that the CNV does not necessarily
peak at its physiological limit as additional manipuidations can

result in greater negativity. Low and McSherry (1968)

o

superimposed an additional CNV task between the S1-52 interval
- and reported a further elevation of the CNV indicating that the

two responses s¥ere somewhat additive. Further supporting

evidence has been provided by Rebert et al. (1976) who were
able to induce tonic SP changes during a CNV paradigm by having
‘the subject lift weights with a hand grip. There appeared to be
“positive relationship between the amount of weight pualled and
he amplitude of the tonic negative SP, at least up to some
,.it {approximately 30 pounds of pull). CNV amplitude was

ovn to be related to the amount of exertion in that there was
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a 5 microvolt jncrease between 15 and 30 pounds of pull.
However, there was no difference between ejther 0 and 15 or
petween 30 and 45 pounds of pull. These findings are
interpreted as evidence for the independence of the CNV and the
tonic SP since the CNV could still be superimposed upom the

tonic shift even after it had approached its asymptote.

Taken as ¥whole these few scattered observations prowide
conflicting hints as to the nature of the relationship between
SPL and the CNV. This conflict merely points to the need for
extensive and detailed investigation correlating SEL
fluctuations with CNV amplitude. The research described jin this

thesis is one attempt,

Experimeptal Rationale and Hypoptheses

The research presented in this thesis was designed to
ansvwer a number of questions about the inter-relationships
between different types of recorded brain activity. The primary
question concerned the relationship between scalp-recorded SPL
and the CNV., One of the major difficulties in a study of this
nature is that SPL recording requires DC methodology for

accurate amplification of the extremely slow changes. DC
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recording in general is much more prone to artifact because of
the vast number of possible sources for any observed steady
potential (see Rowland 1974). DC scalp recording further
compounds the problem immensely due to the remoteness of the
electrodes from the desired source. Additionally the tissues
separating the electrode from the cortex are all knpwn to
themselves produce bioelectric slow activity. Because of the
multitude of potential problems with DC recording, the first and
most extensive part of this project was dedicated tp devedoping
a DC recording system and techhique capable of faithfully
recording micropvolt-level SPL fluctuations. This recording
system is described in detail in the methods sectiom. The
special technigue and procedures used tor this LC recording
were designed to minimize contamination of the SPL by the more
obvious artifactual sonrces - the electrodes (Cooper 1969) and
the skin {(Picton and Hillyard 1972). The procedures utilized
for electrode and skin preparation are also described in the
methods section. Although it is impossible to assess the
effects of electrode changes on the SPL, it is possible to
indirectly examine the skin potential contribution by
monitoring SPL and skin potential activity simultaneousiy. 1In
order to examine the relationship between SPL and the gaivanic

8kin potential (65P) and to assess the efficacy of the skin
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preparations, 2 channels of GSP were recorded from djifferently
prepared electrodes adjacent tp the vertex SPL electrode. Tae
reference for the GSP electrodes was an electrode placed either
on the ear lobe or over the mastoid processes. The reference

site and one of the GSP electrpdes were prepared in the same

fashion as the SPL electrodes sith thorough lesioning of the
outer layers of the skin. The activity recordad between these
tvo sites wWas expected to be very simiiar to the activity om

the SPL channed as noc GSP shoudld be recorded with both

electrode sites lesioned. The second electrode was appljed to
the intact skin so whatever GSP activity was present on

the superior suarface of the scalp would be recorded. 4t was
expected that correlations between the SPL and the G6SP recorded
:from the lesioned site would be much higher than thegse obtained

between SPL and the GSP recorded from the jntact scalpe.

The paradigm chosen for this investigation of the
relationship between SPL and the CNV was am auditory
i"m(l:lscriainatJ'.on task with three conditions presented in an
- A1-B-A2 sequence. The only substantive difference betseen the A
and the B conditions was that during the B conditiom incorrect
Or delayed response was "punished" with a 1 second blast of 95

white noise. This paradigm was chosen because of its
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similarity to the situations used by Knott and Irwia (1967,
1968) , Peters and Knott (1976) and Knott andbPeters (1973) to
demonstrate the attenuating effects of "stress" on the CNV. The
wstress" effect is hypothesized to resuit from increased

arousal manifested as a sustained negative SPL shift. If the
tonic negative SP is sufficientiy large, it wiil increment the
SPL towards the "ceiling" so that the range of further
negativity becomes restricted. Therefore as the "ceiling" is

approached the maximum possible amplitude of any superimposed

negative shift becomes reduced. This reduction in CNV amplitude
has been reported as more pronpunced 1n ifemales (Knott and Peters

1973) suggesting a more negative tonic SPL for females.

The specific hypotheses to be examined in tuis thesis are:

1) the relationship between SPL and CNV amplitade
within any one subject will be inverse so tihat negatjwe
SPL changes will be associated with decreased CNV
amplitude.

2) Within any one subject an inverse relationship
will be found for the amplitude of the N1 coappnent of the
EP to S1 and SPL such that negative SPL changes will be
associated with decreased N1 amplitude.

3) Within any one subject the amplitudes of the P2
and P3 components of the EP to S1 will be correlated with

SPL such that negative SPL changes will be associated with
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‘increased amplitudes of the positive components.

4) Within any one subject the amplitude pf the N1
component of the EP to S1 will be related to C¥V amplitude
such that increased CNV amplitude will be related to
increased N1 amplitude.

5) Within any one subject the amplitude of the P2
and P3 components of the EP to S1 wild be correlated such
that’large CNVs will be assoclated with decreased P2 and
P3 amplitades.

6) Within any one subject the amplitude pf the N1
component of the EP to S1 will be related to the PZ and P3
components such that increased N1 amplitude widl be
related to decreased P2 and P3 amplitudes.

7) Within any one subject the P2 and P3 components
of the EP to S1 will bhe related such that large P2
amplitudes will be associated with large P3 amplitudes.

8) Within any one subject and across all subjects
the CNV amplitude will be related to condition
differences; specifically the CNV will be attenmated
during the B or stressful condition.

9) The condition effect will be confounded with a
significant sex (X) ccndition interaction such that the

females will show greater CNV decrement during the B
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condition.

10) There will be a significant electrode effect
confirming the known topographical distribution of the
CNV, N1, P2 and P3.

11) The intensity of the tone used as S1 will not
influeﬁce CNV amplitude.

12) The intensity of the tone used as S1 wild

influence the amplitude of the EP components N]1 and P2.
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The subjects were seven male and eleven female asymptomatic

paid volunteers ($2.50/hour) recruited from the university
community. The subjects were right-handed and ranged in age
from 18 to 29 years. All subjects but one (DC1) were naive

with respect to the experimental procedures and protocol and

all subjects Wwere naive with respect to the particalar
hypothesis under investigation. An additional three subjects
(males) wWere run but their data was discarded due to excessive

|  artifact in the recordings.

Steady Potential Level

e i A

Steady Potential Level (SPL) was recorded between selected
Npairs of Beckman Biopotential electrodes affixed to the vertex
j(Cz; Jasper, 1958) and either the left mastoid process or ear
lobe with collodian soaked gauze patches (see Figure 1). Both
reference sites were used to examine differential

Busceptibility to GSP artifact.



Figure 1

Recording Montage

Gy



RECORDING MONTAGE

bs




46

The two SPL electrode sites were first cleaned with
rubbing alcohol and then thoroughly abraded with Redux. After
a second cleaning with alcohol the sites were then 4ijghtly
perforated with a sterile 30 gauge hypodermic needle (Pictpn
and Hiliyard, 1972; Marsh, personal communication, 1976) to
insure lesioning of the outer skin layers. Finally a small
amount of the electrolyte, EKG Sol (Burtom, Parsons and Co,
Inc.), ¥Was rubbed into the electrode sites just prior to
electrode application. 1Interedectrode impedences {pr the SPL
electrodes vere always 1 K ohm or less as measured with a Grass

EZM-1 Impedence Meter.

The DC recording system designed to monitor SPL included
an eiqht-channel Elma-Schonander EMT 12-B and Mingograph 800
combination physiological recorder (Siemens), a separate true
IC offsetable amplifier (built around a Burr-Brown Model 3620 K
differential instrumentation amplifier), a Hewlett—Rackard (HP)
2116 B computer with both amalog-to-digital (A/D) and
digital-to-analog (D/A) converters and the supporting software

{DC00). A block diagram of this system can be found in figure
2,



.
5

Figure 2
Block Diagram of the DC

Recording Systen

u7
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‘'The overall purpose of the recording system was to provide
ontinuous, accurate mjcrovolt level measurement of SPL changes
by minimizing the influence of the recording systea on the
preparation. Tais was accomplished with a DC amplifier
4nesigned such that offset ccntrol was provided by summing a
voltage into the final stages ot the DC amplifier. This is in
gontrast to most DC recording systems that maintain offset
_gontrol by "bucking" a voltage across the input signal aand
. shifting the DC level at this point. The problem ®ith systeas
of this sort is that the "bucking voltage" palarizes the
#lectrodes producing a situation in which, at least
mporarily, current will flow more readily in one direction
than in the other. Even the best so-called reversible or
mon-polarizable" electrodes behave differently (and rather
predictably) when a DC voltage is passed between electrode
 §lirs. As the electrodes polarize it therefore becomes
possible to separate true SPL fluctuations from pplarization
11nduced changes. To minimize this sort of artifact the systen
é}escribed here maintains offset control by influencing the
%Iinal anplifier stage inm such a way that no offset is refiected
%lACk to the signal source. For reasons of accuracy aand
itonvenience, this offset control, as #Wwell as the SPL

'8@asurement procedure, was put under automatic computer
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control.

Prior to each data collection session the DC recording
system was calibrated as part of program initializatioa by
-~ requiring that sequentially a "baseline"™ or "zero" goint and
then a specified calibrated voltage be inpat to the A/D
converter. With these levels specified, the computer couid

geasure SPL fluctuations relatjive to this baseline devel and

convert these changes to microvolts. Because the initjiail
calibration was made with the amplifier input shorted to
ground, provision was made for offseting amy standing potential
between the SPL electrodes once the S was in place by manually
biasing the Schonander pre-amplifier cjrcuitry in such a way
that once agaimn no offset was reflected back to the signal
source. Once the standing potential had been offset and thus
the pen recentered, the program was ready to measure SPL

changes relative to that “zero" point.

The specially prepared SPL electrodes were coanected
directly to the DC amplifier which had an input impedence of
150 megohms and provided 10 X amplificatioan. The output of
this DC amplifier went to one channel of the Schonander whjica

¥as set to pass DC to 30 Hz (3 db point) with a semnsitjivity of
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?500 microvoltsy/cm per deflection. Since the DC amplifier had

i.lready boosted the signal by a factor of 10 the actual overall

ensitivity of the system was 50 microvolts/cm, which was

equivalent to the sensitivity of the EBG and EOG channels.

The fully amplified signal from the Schonander was jinput
to the A/D converter of the HP and sampled at a rate of
§/second. The A/D output was continually compared with the
mgero" level and any deviations from zero were calculated and
- gonverted to microvolts, The continuotisly caicuiated SPL was
'displayed on an oscilloscope in the lab. Any deviatjons from
ero were automatically offset by the D/A converter «hich,
-under program direction, biased the final stage of the DC
;alplifier keepjing the pen centered. This was also done at a
ate of 5 times per second, alternating with the A/D sampling.
‘?he sequence of events was that the A/D would sample the
‘gecord, the HP would calculate SPL relative to zero point and
“then the D/A would apply a voltage proportional and opposite in
~polarity to the SPL change to the amplifier, returning the pen

0 center (see figure 2).

The net result was a negative feedback loop such that the

Amount of offset was always directly proportional tp the SPL
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{%and opposite in sign. The total amount of offset applied was
continually readjusted in core by incrementing the “zero"
point. Therefore at any one time poiant the SPL was calculated
- by adding the sampled A/D voltage (range +/- 75 microvolts) to
- the stored zerp level (range +,/- 9.5 microvolts). At the next
sample point the previous SPL wvalue would become the zero value
and the new SPL would then be calculated by adding the most
recently sampled A/D value to that "zero" point. Hard copy
i, lineprinter output of SPL was provided every 2 seconds

providing a running record of SPL over time.

EBG_and _EOG Recording. Techpiques

Brain electrical activity (EEG) was recorded from Beckman
iﬂBiopqtential electrodes affixed to the scalp with cpliodion
soaked gauze patches at the vertex(Cz), a midiine froantal (Fz)
- and a midline parietal (Pz) site (Jasper, 1958) . Eye movements
(E0OG) were recorded with a Biopotential electrode secured wWith
€‘a double adhesjve collar on the infra-orbital ridge of the left
g{eye (see figure 1). These electrodes were referenced to
another Beckman Biopotential edectrode placed eithex on the
;Qleft ear lobe or over the left mastoid. All electrpde sites

ere thoroughly abraded with Redux prior to electrode
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?application. Bince the vertex ana reference electrodes ior the

;ggc were the same as for the SPL recording, the elabprate
electrode preparation for these two sites are documented in the
ksPL recording section. Interelectrode impedences of the scalp
?electrodes never exceeded 2 K ohms and the EOG eiectrode

~impedence never exceeded 5 K ohms (Grass EZM-1) .

The EEG and EOG activity was recorded on an S-channed
Elema-Schonander EMT 12-B and Mingograph 800 combination
polygraph with a sensitivity of 50 microvolts/cm. A 70 Hz high
jfrequency filter (3 db point) and a 5 second time constant were

used for all EEG and EOG channels.

Beckman biopotential electrodes secured with collodijion
impregnated gauze patches were used to record cephaiic galvarnic
skin potential (GSP) from two diftferently prepared electrode
;.sites located 2 cm to either side of the vertex (Cz)} on the

f interaural line {see figure 1). One scalp site and the
reference site either on the rjight ear or over the right
Rastoid process were prepared in the same manner as the 5PL

8lectrodes with thorough scalp cleaning and lesioning of the
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}skin‘(see SPL section for details). The other GSP site
;preparation consisted of merely a gentle skin cleaning with
rubbing alcohol to remove surface oil. Cautiou was exercjised

to avoid abrading this site with tae cptton used for cleaninge.

Interelectrode impedence for the abraded pair (GSP1) never
exceeded 1 K chm. For the unabraded electrode connected to the
lesioned reference (GSP2) the impedence ranged between 8 and 20

K ohms {Grass E<M-1).

GSP activity was recorded om a DC system similar to the
one designed for SPL recording. The major difference between
these systems was that the SPL system was operated under direct
computer control. The GSP recording systeas, on the other
hand, were under manual control. The two GSP amplifiers were
constructed arpound OP-10 and OP-1 instrumentation operatjonal
amplifiers (Precision Monolithics) and had an input impedance of
100 Giga ohms. The gain of these amplifiers was set for anity
with a bandpass of DC to 100 Hz (3 db point). Manual DC offset
control was exercised by turning a 8-turn poteantiometer that
varied a voltage that was applied to the final amplifier stage
{¢/- 999 microvolts). These offset values reflected "true"

voltage in that "O" was the ground or isopotential point.
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The output from each of the GSP amplifiers was japut to

the Schonander-Mingograph polygraph with the preamplifiers set
at 500 microvolts/ch sensitivity and the filter set to pass
from DC to 30 Hz (3 db point). All offset values were recorded

on the paper record for later analysis.
Event Marking

A 4-channel encoding/decoding device was used to code
timing and stimulus events on th paper record and FM tape.
This device connected a Grason-Stadler programming rack w®ith
one channel of the Schonander recorder. The preamplifier for
that channel was set to record from DC to 700 Hz with a
sensitivity of 1 millivolt/cm. Logic level flucuations from
the programming rack corresponding to the occureance of each of
the stimuli presented (S1, S2, feedback) as well as to a time
point 750 msec prior to S1 each triggered one channel of the
encoder. Each of these input signals output a pulse of
particular amplitude to the polygraph and FM tape recorder. On
tape playback into the decorder section each of the recorded
voltage levels produced a pulse that could be used to

Ssynchronize computer sampling,etc.
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?Qching Data Storage

Qutput signals from the Schonander-Mimgograph recorder

L gsere stored on a PI 6200 FHM tape recorder for subsegquent

— off-line analysis on a PDP-12 computer (Digital Equipment
%Zycorporation). Prior to each data collection session a series
{ of calibratioh pulses from a Grass SWC 1B calibrator were
stored on the F¥ tape. For the EEG and EOG channels the
calibrated pulses were -20 microvoits and for the t®wo GSP

channels the pulses were -200 microvolts.

Stimuli

Presentation and timing of all stimuli were controlied by
a Grason Stadler Series 1200 programmable logic rack. The
series of variable intensity 1000 Hz tones used as S1 and S2
were produced by a Marconi AF Oscillator, the output of whjich
¥as amplified by one channel of a Monarch (Model SA-616) stereo
amplifier. The amplifier output was gated through a
programmable attenuator (Grason Stadler Model 1284) to a
loudspeaker placed under the S's bed. This system groduced 7
tones ranging from 48 to 90 db that could be selected in any

order for presentation (see Appendix A for the specification
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and seqguencing of tone stimuli). Whichever tone was selected
for S1 was presented for 150 mjlliseconds and was followed 1.5
seconds later by the imperative stimulus, S52. Since 52
required a button press to terminate the tone, S2 duration was
equal to either the S's reaction time (RT) or 1 second,

yvhichever was the shorter.

Reaction time was recorded to the nearest millisecond by
using an EAI 6200 counter driven by a Grass S—-4 stimulator at a
frequency of 1 K Hz. Since S2 onset gated the stimulator on
and the S's response turned it off, the counter thus displayed

reaction time in milliseconds.

In the "BY or stressful condition, performance feedback
was provided tp the S by presenting negative reinforcement for
incorrect or delayed choice (Ss were to respond within 500
milliseconds of S2 onset). The feedback consisted of a 1
second presentation of 95 db white noise (Grason Stadler Model
1285) which had a center frequency of 1 K Hz.

Procedure

o o e

During data collection the S reclined on an adjustable
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‘pospital bed within an electrically shielded, sound—-attenuated
:chamber (Bell-Croft Industries). The chamber was ilduminated
,~just sufficiently to permit closed-circuit video viewing.
fi[.mediately after the S was positioned comfortably he was
"~ {pstructed to close his eyes and relax while the recording
;sgystEES were connected and calibrated. This reiaxation period
jﬂlasted for a sufficient amount of time to insure that at least
45 minutes had elapsed since the application of the SPL
v;electrodes allowing the electrpde-electrolyte-skin interfaces
‘fto stabilize. At the end of this period the S was asked to
open his eyes and was given the following set of instructions:
}zA The task that you are to do today is a simple
3 auditory loudness discrimination. You will be presented
: with pairs of tomes occassionally and you merely hawe to
decide whether the two tones are the same or different
¢ loudness. You are to imdjcate your decision by pressing
the appropriate button. This black batton is for your
C right hand and this is to be pressed if the tomes are the
’ same. This red button is for your left hand and 1s to be
pressed if the tones are of different lioudness. The
he sequence of events is that one tone will be presented for
a short period of time; this tone will then go off and

sometime later a second tone #iil be presented. 4s soon
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‘as you hear the second tone I want you to decjide whether
it is of the same or different loudness than the first and
to press the appropriate button as quickly as possible.

If you respond guickly you can obtain some ifeedback as to
your performance because the correct button respoanse will
terminate the tone. The jincorrect omne will not. However
the second tone will be presented for only a short period
of time so it is important that you respond quickly to

obtain feedback. Do you have any questions?

After responding to any guestions the S might have had,

he experimenter presented the pushbuttons to the S and instructed
- him about minimizing eye blink and body movements. To reduce

)ye movements a fixation point was provided and S's were asked

40 attempt to maintain fixation. The § was told at this time
"that there would be several separate data collection sessions
"&nterspersed with rest periods so that any one peripd of
-eontinuous ocular fixation would not be too prolonged. The S
fzias also instruncted in the use of an intercom and was inforaed
;;that the experimenter wsould use the intercom to annpounce the

;;beginning and end of data sessjons.

| - After iasuring that the S understood the instructions and
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Was as relaxed as possible, the experimenter returned to the lab
area and started data collection. Each S was presented with an
jdentical experimental session consisting of three copditions
ruh in an "A1-B-A2" order of presentation. The two "A"
conditions were identical except for the seguencing of tone
pairs. The "B" conditicn differed from the "A" conditions in
tone sequencing and, more importantly, in that negative

reinforcement vas administered for imncorrect or delayed

response., The aversive stimulus was a 1 second burst of 95 db

white noise.

In each of the three conditions there were 50
discrimination trials presented with the inter-triad iaterval
Etarying between 2 and 20 seconds. The segunence of tone stimuli
?;pairs {S1-52) for each condition can be found in Appendix A.

i In order to insure the "difficulty" of the task, in each
condition 8 trials of identicad tone pairs were programmed to
require a button response indicating that they were "different”
xin order to be scored as correct. In Appendix A these are the

‘tone pairs marked with an asterisk.

At the end of both the 41 and B conditions a 10 minate

Bt period was instituted. The S was asked to close his eyes
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and relax. At the end of the rest break the S was instruacted

E
E

to open his eyes and approfriate instructions tor the next
condition were given. Preceding the B condition the S was
told:

This signals the end of your rest period. For the
next sessjion we are going to continue with the same
discrimination task. However, this time you will receive
some additional feedback as to how well you are doimg. 1If
you respond incorrectly or too slowly - that is, if it
takes you longer than half a second to make your response
- you will receive a 1 second blast of waite noise
indicating that you could be doing better - so I wWant you
to respond as quickly and accurately as possibde to avoid

hearing the white noise. Okay?

Preceding the A2 conditions the instructions were:
Its time to go back to work. This time we willd
continue with the discrimination task but there will be no
white noise presented for errors - so this condition is

the same as the first. Okay?

At the completion of the data coldection the Ss were
thoroughly debriefed as to the mature and purpose of the

deception.
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For each S the EEG, EOG and GSP data along with the
calibration and timing pulses that had been stored on FM tape
were played into a PDP-12 computer for off-line data
collection. Each channel of recorded data was inpuat directly
into one of the PDP-12's A/D converters. In addition the
vertex (Cz) EEG data was low-pass filtered at 5 Hz {Krohn-Hite
Filter Model 3323) and input to another one of the A/D

convertarse.

The data sampling was done by a program (Dump A/D, written
by M.J.Falconer for J.F.Peters) that allowed the user to input
an accept/reject trial table so data previously identified as
contaminated with artifact coudd be skipped. Therefore all
paper records wsere scanhed prior to data storage and any trials
shovwing excessive EOG activity or any other sign of artifact
were eliminated from the analysis. The PI tape channel
containing the encoded event pulses was input to the decoder se¢
that the recorded pulse that occurred 750 msec prior to S1
could be sensed and used to trigger a pulse of sufficient
magnitude to initiate computer sampling. The sample epoch was

3 seconds over 256 points per channel. Ald sampled single
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trial data were written on digital magaetic tape for permanent
storage. For each 5§ averages w#ere constructed of all trials in
.each conditiony, 1n each quarter of each condition (condition
subset) and for each of the tones used as S1. In all a total
of 22 averages vere formed for each of the data chamnels for

each individual S.

SPL values for each trial wvwere obtained from the
lineprinter listing produced by the on-line DC recording
system., Every 2 seconds the program output the current SPL
value to the printer with the time of the sample indicated.
The Mingograph paper record was marked at the start of the DC
sampling program and all trial times were calculated relative
to that point. For each trial the time of occurence was
checked against the SPL lineprinter log and the three SPL
values preceding each triadi (covering b — 8 seconds) were
averaged to obtain a representative SPL measure.

Single trial cephalic skin potentiai leveis (GSP) were
quantified by obtaining the mean ampiitude of the activity over

the 750 msec pre-S1 interval for both the abraded and intact
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recording sites. For each trial this walue was added to the
amount of amplifier offset that had been required tgp zero thae
recording system. The offset walues were obtained from the
paper record as the initial offset value and any subsegqueat

correction had been manually recorded during data collectjion.

From the EEG data channels only the vertex (Czj) activity
vas quantified and analyzed on a single trjal basis. Cz slow
potential data were obtained fromkthe channel which had been
low-pass filtered at 5 Hz. The CNVs were guantified as both
the mean amplitude of the 200 msec period preceding S2
(relative to the 750 msec pre-51 "paseline") and the integral
of the activity in the period from 500 msec post-S1 to the
onset of S2 (43 and M4 in figure 3). Singdie trial ewvoked
potential (EP) measures consisted solely of baseiine-to-peak
amplitude measures of the N1, P2 and P3 components of the
evoked response to S1. N1 was defined as a megative peak with
a latency of approximately 100 - 150 msec and P2 and P3 were
defined as positive peaks with latencies of respectivedy,
200-220 msec and 300-500 msec. The EP amplitude measures were
made on the Cz data channel that was not additionally filtered
at tape playback so the bandwidth was as determined by the

Schonander filter settings (a 5 second time constant and 70 Hz




Figure 3
Sample Averaged CNV depicting the

EP and CNV measures enployed
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B bigh frequency filter were employed).

For each S the CNV and EP data at each electrode (Fz, Cz,
and Pz) averaged by conditicn, by conditionrn subset and by S1
" tone intensity were quantified as follows. Four CNV measures
(M1-M4) wvere obtained from each vaveform (see figure 3). H1-M3
Were mean amplitudes over the geriods respectively, 500-700
asec post-S1, 1000-1200 msec post—-51 and 200 msec pre-S2. All
amplitude measures were relative to the mean amplitude of the
750 msec pre-S1 "baseline." M§ was the integrated amplitude
over the pericd 500 msec post-51 to the onset of S2. Baseline
to peak amplitude and latency measures were obtained for the

N1, P2 and P3 compoenents of the evoked response to S1.

o 1 g s Sl

To investigate the relationships and interrelatjionships
between the SPL, GSP and ERP single trial measures, correlation
coefficients (Pearson R) for selected pairs of variables wvere
obtained for each S. Correlatjon coeffecients were computed
over both the entire data session as well as within each
condition. Additiomally, the single trial data was pooled over

all males, over all females and over all Ss to examine the
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igeneral patterns of relationship and the degree to which these

giinteract with subject sex.

Initially a condition (X) tone analysis of variance was
applied to each $'s single trial data to insure that there was
pot a significant condition (X)y tone interaction. ¥o0 such
interactions were found and consequently within-S one-way

} analyses of variance for condition and tone effects wsere
employed. In this and im all pther instances in which a
one-way analysis of variance was used, a posteriori contrasts
were examined with Duncan's Multiple Range Test. Additipnally
the single trial data were pooled over all Ss and examined with
a sex (X) condition (X) tone analysis ot variance. The
resulting significant sex effects and the lack of higher-order
interactions justified separate one-way analysis of variance

for condition and tone effects for all the single trial data

pooled over all males and over all femaies.

Analysis of the averaged data was primarily uandertaken to
examine the data from electrodes other tham Cz as well as to
confirm the condition and sex eiffects already observed.
Initially a sex (X) condition ({X) electrode analysis of

variance was applied to the data averaged within condition
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%subsets pooled over all Ss (4 subsets per condition).
jisignificant Rajin effects and the lack of higaer-order
interactions necessitated further separate one-way analysis of
variance on the male and female data. The eftect of S1 tone
intensity was first examined using all the data which had been
averaged separately for each tone in a tone ({X) electrode (X)
sex analysis of variance. Once again the lack of significant

interaction, despite the significant main effects, aliowed the

use of one-way analyses of variance on the male and female data

separately.
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Results

Within-s Correlations

Tables I and II present the correlation coeffecients
computed for the single-triai SPL and CNV (M3 and M#) measures
for each of the 18 Ss. These tables present both the
correlations obtained over all conditions as well as the
correlations within each condition. Examination of these tables
reveals very little consistency across subjects. For M3 {(the
mean amplitude 200 msec pre-S2) 11 of the 18 Ss had positive
correlations with SPL over all conditions although enly one (DC
21) reached significance (p£.05). For the remaining 7 Ss the
correlations ower all conditions were negative as hypothesized.
However, only for 3 subjects (DC 10, DC 12 and DC 14) were the
correlations significant {(p<.05). The data relating SPL to CNV
amplitude at Fz, Cz and Pz for each S are displayed graphically
in fiqures 4 to 21. The CNV and SPL data were averaged by
condition subset (4 subsets per condition). The 12 averages per
S Wwere plotted seguentially by shifting the y-axis between

plots to provide an indication of the changes over and within
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- Correlation Coeiificients Obtalined Between
CiV Amplitude (#3) ana SPL

S Cond.Al Cond.u Cond. A2 Overall
01-Male -.08 .15 -. 02 - 29%
03-Male -.05 ~-.36 « 10 -.06
Oi4-Male V) «23 . 33% .06
05-Male -.02 -.09 -.09 -. 10
0b-dale .13 -.28 07 -. 14
07-nale .09 .17 .11 .03
08-Male -.15 - 0b -, 39% +15
09-Femals -.27 -.16 .16 -.15
11-Female .05 .02 .20 - U5
12-Fewale -.31 -a 1Y .09 —-e30%
13-Femaie -.07 .19 -.05 .06
{4~Female -.35% - QU .06 ~eH3%
15~-Female .02 -.10 -.09 «01
16-Female -.10% - 11 .12 .1b
18-Ffemale .13 ~.25 .01 .01
19-Female .14 .14 <10 .16
20-Female .11 -.03 <04 .09
21-Femalzs -.36% - .05 o 24 «20%

* p< .05
Table I
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Correlation Coefficients Obtained Between
CNV integral Measures (#H4) and SPL

Cond.aAl Cond.s Cona. Al Overalil
01-Male -.03 -.01 <04 ~e23%
- 03-Male -e27 -.19 .17 «09
~-Male « 34 .12 « 27 -.10
05-Hale -.11 -.10 -7 .01
06—-Male « 34k -.20 .04 -.05
07-MHale -.03 =05 « 10 «04
08-Male -.07 -.0Z -. 26 « 25%
09~Female ~.29 -.27 =11 -o19%
11-Female .01 «15 «10 .08
12-Female -.30b «03 -+ 41 - 27%
13-Females -.13 « 27 » 11 -o04
= 14§-Female —-.23 .03 «21 - 48x
15-Female .07 -+15 -« 15 .01
16~Female ~-.20 .13 .13 .08
18-Female .1Y -.37% ~-.03 .06
19-Female .00 -oul <04 .03
20-Femal=s .08 «02 -.006 07
21-Female -.09 - 14 21 e LL¥
* p< .05

Tabie II



73

Figure 4
CNV and SPL Data Averaged Dy

Condition Subset for Supnject 01 (#ale)
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Figure 5
CNV and SPL Data Averaged by

Condition Subset for Subject 03 (Male)
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Figure o
CNV and SPL bata Averaged by

Condition Subset for 3ubject 04 (dale)
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Fiqgure 7
CNV and SPL Data Averaged by

Condition Subset for Subject 05 (Male)
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Figure 8
CNV and SPL Data Averag=2d by

Condition Supset for Subject Qo

81

(tale)
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Figure 9
CKV and SPL Data Averaged bdy

Condition Subset for Supject Q7 (Male)
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Figure 10
CNV and SPL vata Averaged by

Condition Subset for Subject 08 (Male)
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Figqure 11
CNV and SPL Data Averaged by

Condition Subset for Subject 09 (Femalz2)
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Figqure 12
CNV and SPL Data Averaged by

Condition Subset for Subject 11

89

(Female)
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Figure 13
CNV and SPL Data Averaged by

Condition Subset for Subject 12 (Female)
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Figure 14
CNV and SPL Data Averaged DY

Condition Subset for Subject 13 (Famale)
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Figure 15
CNV and SPL Data Averaged by

condition Subset for Subject 14 (Female)
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Fiqure 16
CNV and SPL Data Averaged bpy

Condition Subset for Subject 15 {(Female)
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Fiqure 17
CNV and SPL Data Averaged by

Condition Subset for Subject 16 (Femals)
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Figur=s 18
CNV and SPL pata Averag=sd by

Condition Subset for Subject 1¢ (Female)
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Figure 19
CNV and SPL Data Averayea DY

Condition Subset for Supject 19 (Female)
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Figure 20
CNV and SPL Data Averaged by

Condition Subset for Subject 20 (Female)
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Figure £1
CNV and SPL Data Averaged by

Condition Subset for Subject 21 (Female)
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conditions. Additionally a scatterplot of the SPL and the CNV
{M3) measures is displayed to graphically index the degree of

relationship.

Table II indicates that the éorrelations obtained between
the SPL values and M4 {integral of the activity 500 msec post
51 to 52) displayed the same general patterns as was observed
for M3. This is not at all surprising as the correidatjions
obtained between M3 and M4 (table XV) ranged between .76 and
.89. For both M3 and M4 the patterns of correiation show even
less consistency as the within-condition correlations are
examined (tables I and II). In general these results cannot
be interpreted as support for the hypothesis that there is an

inverse relationship between SPL and CNV amplitude.

N1 _and SPL

Table III displays the correlation coeffecients obtained
between the single-trial N1 and SPL values for each of the Ss.
For 7 of the 18 Ss the correlations were in the expected
negative direction although for only ome S (DC 16) was the
correlation statistically significant . (p£.05). The remaining

11 $s all displayed positive correlations of which 4 (DC 06,
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08, 18, and 20) were sjignificant. This inconsistent pattern
does not support the hypothesized inverse relationship between

N1 amplitude and SPL.

P2, P3_and_SPL

Examination of tables IV and V indicate tnat the observed
relationships between SPL and the positive components of the EP
to S1 were more consistent both across subjects and with the
hypothesis. For P2 amplitude the correlations with SPL were
inverse for 10 of the 18 Ss. Furthermore 5 of these
correlations were statistically significant (p<.05). For the
remaining 8 $s the correlations were positive although none
was significant. The P3 and SPL correlations displayed the
same general pattern of inverse relationship. For 11 Ss the
correlations with SPL vwere negative and 5 of these were
statistically significant. However the correlation coefficient
obtained from one of the Ss displaying a positive correlation
¥as also significant. In general these results somewhat
equivocally support the hypothesis that as SPL shifted
positively the amplitude of the positive going EP components was

attenuated.
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Correlation Coefficients Obtained between
N1 Amplitude and SPL

S Cond. A1l Cond.b cona. A2 Owverall

03-Male -.29 -.03 . 14 .11
04-Male «S4x - 14 .30 «10
05-Male -.12 +02 «31 .03
06-tale .38% .14 . 33% . J4¥
07-Male -.35% .29 .29 «0U
08~-Hale 3% . Dk «20 e 19%
09-Female .14 -+31 .04 ~-.03
11-Female -,u4B* .18 .22 ~-.11
12-Fzanalzs .04 —.34 —.50%* ~.13
13-Female -.18 22 « 17 .07
14-Female .29 .15 -.13 -.05
15-Femaiec -.20 -.00 <01 -.02
16-Female -.10 -.23 24 -.28%
18-Female .32 .09 . U8 e 25%
19-Female .24 .15 -. U5 .00
20-Female .39%* .16 -.18 . 19%

21-Female .08 N VA .36 -.04

* p< .05

Table IIX



S
01-Male
03-Hale
04-Male
05-Male
0b-MKale
07-Male
Os-Male
09-Female
11-Female
12-Fenale
13-Female
l4-Female
15-Female
16-Female
18-Femalse
19-Feunale
20-Fenale
21-Female

112

Correiation Coefficients Obtained Between

Cond.A1

.19
-.33
-.02
-.34

.12

.18

.17

<07

.07

22

<09
-.17
-.17
-+10

.13
-.19

ML
-.23

P2 Ampiitude aad SPL

Cond.B Cond. A2
«01 -. 14
-. 11 .02
.10 .03
- o 30% -« 50%
-.15 -.08
- o 4% 23
«03 -e12
-.20 e 21
«21 -.38%
- .09 12
« U6 .11
-.29 .03
-005 .09
« 11 22
-+19 <17
-.26 -.25
-.13 -3 4*
- 17 .10

Table IV

*p(

Overaid

~e2B%
-.13
-.08
~.2b%
.07
~.03
03
—e23%
.00
.09
-.02
—.28%
10
-.05
.03
—a29%
-.18
- 14

«05



3

01-Male
03-Male
04~-Male
05-Male
0b-Male
07-Male
08-Male
09-Female
11-Female
12-Female
13-Female
14-F2amale
15-Female
16-Female
18-Female
19-Femaie
20-Fzmale
21-Femaie
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Correlation Coefricients Obtained bDetween
P3 Ampiitude and SPL

Cond.al cond.B Cond. 42 Overailil
.05 . Vo «10 —-a30%*
-l .05 .14 11
.12 - 11 03 — e 38%
- 34 - 208 .05 + 156
02 - 31% -. 16 -.19
-.00 -.19 -e3G% -.07
-.33 -.0u —a 4 3% -.09
-.15 - 40 -.07 - 25%
<06 -.04 .10 .18
.16 00 W22 <17
-.21 - U4 -.10 -.03
-.21 .08 -e21 - e39%
«35% - . 38% e 39% . 20%
-.12 -.14 o 2 b .19
-.08 -.33 « 12 -.14
-.50% - . 30%* -.21 -« 18
-.07 -.18 -e23 - 2Ux*
-.17 -.29 U2 «0Y
¥ p< .05

Taole V
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Tables VI and VII demonstrate the relatively consistent
relationship observed between the CNV measares (M3 and M4) and
K1 amplitude. For all Ss the M3 (table VI} and the M4 (table
VII) measures w¥ere positively correlated with N1 amplitude. For
8 of the Ss the correlations between M3 and N1 were
statistically significant (p£.05). The M4 measure was eveh more
consistently and highly correlated with N1 amplitude as the
correlation for 11 of the Ss were significant and the obtained
coefficients larger. These findings are interpreted as support
for the hypothesis that CNV amplitude is directly related to

the amplitude of the N1 component of the EP to S1.

P2, P3 apd CNV

Tables VILI - XI illustrate the inverse relationship
observed between both P2 and P3 amplitude and the CNV measures
{83 and M4). The correlations obtained between P2 and M3 (table
VIII) wvere positive for 17 of the 18 S$s. Of the 17, 12 were
statistically significant (p£.05). For ald Ss M4 was
positively correlated with P2 amplitude (table IX). For 14 Ss

this correlation was significant. Significant positive
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Corrciation Coetficients Obtained Between
CNV Amplitude (#3) and N1 Amplituae

S Cond.anl Cond.B Cond. a2 Overail
01-M4ale .23 « 25 .19 «2b%
03-%ale ez .11 -. U6 207
Qu-Male <28 T e 32% o 24%
05-Male .06 « 05 .19 .08
0b-Male .17 o 7% ~ 4 0* «31%
07-Male +28 -+ 01 04 .08
08-Male +0U <14 <13 « 10
O09-Female .09 « 29 -« 0b .08
11-Female .19 « 9% .00 - 20%
12-Female .10 «51% .05 .18
13-Female .19 .05 .1b .15
14-Female .12 e 37% SU49* e 30 *
15-Female .35% 22 .11 - 2U*
16-Female .21 « 09 o2 .14
18-Female .34% - 34% .00 =04
19-Female .21 05 -.02 «07
20-Female .34% -. 11 -4 8% +30%
21-Female .11 23 «57* . 28%
* p< .05

Table VI
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01-4ale
03-dale
04-HMale
05-Male
Oo-Male
07-Male
08-Male
09-Female
11-Female
12-Female
13-Female
14-Female
15-Female
16-Female
18-Female
19-Female
20-Female
21-Female
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Correliation Coefficients Ubtalned Between
CNV Integral Measure (K4%) and N1 Ampiitude

Cond.a1l

.3 8%
<31
.59%
.13
«35%
L4773
.09
«27
.17
+35
RN PAS
«39%
~40%*
<28
. 37X
.04
«51*
.33

Cond.B Conu. a2 Overall
. J0% UO% SO 1%
.12 .10 +18
. 18 o B O* «30%
.03 22 .09
«50% T o4 1%
.18 -.00 « 20%
.12 <29 .19
.31 -.07 ‘ .13
«39% - 04 <2 1%
e D3% o4 7% +4O*
.20 e J 0% e 30%
« H9* «59% «H2%*
e 39x% «29% «37%
.12 +23 .18

- 24 -.09 .06
.18 -.08 ~OU

-.06 . HU* JU3x
33 «50% «38%
* p< .05

Tabie VII
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01-Male
03-Male
0O4-Male
05-Male
0Ob-Male
07-Male
08-tale
09-Female
11-Female
12-Female
13-Femalie
f4-Female
15-Female
16-Female
18-Female
19-Female
20~Femaie
21-Female
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Correlation Coefficients Obtained Between

CNV Amplitude

Cond.al

cond
3% .0
U4 9% 4
«33 .2
.21 .0
-05 5
<21 .1
27 o1
27 .2
U 1% « 0
«36 -.1
.26 .1
JU5% «5
a32% o2
.15 .3
e 32% - .0
21 »1
22 .0
«3 3% o1

(#3)

b Cond. AZ
4 « 4 5*
6* .32
2 «37*
6 .21
O «2b
9 L4 0*
9 «39%
4 -.13
4 -+ 10
0 «32
0 -4 5%
T* P 4%
o] »28
o* o l2
) -.27
o) -.06
3 8%
8 « 20

Table VIII

ana P2 Amplitude

*p(

Overall

U 1x
4%
«30%
.16
« 28%
o 2U4%*
«29%
.14
.13
.19
. 25%
- O4x
«29%
s L2¥
-.02
« U7
< Z8%
. 25%

- 05



Correlation Coetficients Obtained Between

CNV Integral Measure (M4) and P2 Ampilitude
S Cond. A1l Cond.b Cond. A2 Overall
7 01-Hale «38% .12 e D 2% JU2*
03~-Male e 6% «50% «37% < USx*
Q4-HMale «31 .19 . 5 0* e 39%
05-Male .10 . 07 .18 12
Ob-tale .19 . OU* e 37% S 3%
07-Male «33% .10 - Uk . 29%
08-Male «31 . 4% . 38% o 3Ux*
09-Female .43% .19 -. 16 .19
11-Female .50% «23 .16 . 29%
12-Female .28 -.13 .12 « 10
13-Femalie .54* .13 «D5% +39%
14-Female .D5% «68% . b 3% «65%
15-Female .50% . Udo* o 4 9% . 4 B*
16-Female .32% o 3% «20 a32%
18-Female .43% -.03 -.27 «05
19-Female .29 « 3b% -. 14 « 14
20-Female .23 .00 « 5 1% «33%
Z1-Female ,d3% .32 28 «35%
* p< 05

Table 1IX



Correlation Coefficients Obtalned Between
CnV Amplitude (#3) auma P3 Amplitude

S cond.Al Cond.bB Cond. A2 overail
01-Male .3 1% «30% «20 .38%
03-Male L0 1% - Uk «32 cU4H*
Q4-HMale JU1¥ «33 «29 «30%
05-alie +35 «U3 22 .13

0b-Male S o Hy*¥ «6b%¥ «H5%
07-Male .07 «31 o4 1% 2%
08-nale JH9% 34 . 30% . 3B%
09-Female .50% «3D «21 - 39%
11-Female .19 21 o JUx* «29%
12-Female .067% .09 .09 «20%
13-Female +25 « 10 27 e 23%
j4-Female .30 «D5% o TU* «65%
15-Female .25 «3 3% . 38% «32%
1o-Female .30 «UO*F «5T* «45H%*
18-Female .12 «02 -.09 -.01

19-Female -.14 « 20 - d 3% -.16

20-Female .4bO* «29 «5H* U1%*
21-Female .33 « 5 1% «H2% o 4b*

* p< L0b

Table X




s
01-Male
03-Male
Q4-Male
05-Male
06-Male
07-#Male
0d-nale
09-Female
11-Female
12-Female
13-Female
4~-Female
15-Fenale
16-Female
18-Femaie
19~-Female
20-Female
21-Fenmale
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Correlation Coefficjents Obtained Between
CNV Integral MNeasure (H4)

Cond.al

«5 1%
L
U D*
.38

«51*
25

LUD*
~Db*
27

»DO*
«H0*
« 5 3%
L4 9%
«05%
«29

.09

+Sp*
«50%

Cond.B

«57%*
« 65%
o b2*
<13
b o*
.30
. 4bx*
«53%
. 32%
.22
. 35%
. b5*
- OU*
«51*
.16
.25
o S1¥
. 7O%

Table XI

and P3 amplitude

Cond. A2

4%
YA
«58%
.10
. 15%
4o%*
o H 2%
.34
-4 8%
22
«33
o T4*
«59%*
«80*
-« 25
-.32
. 7%
AL

Overail

«53%
«b2%
<4 8%
-.10
«b2*
e 33%
~U2%
«Db*
«59*
« 34
. 38%
«71%
«57*
«6HO%*
.01
-.07
- 56%
«H0*

* p< 405
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correlations were obtained for all Ss but three between P3
amplitude and M3 (table X). P3 and M4 were as consistently
correlated as P3 and M3 and, in addition, the correlation
coefficients were generally larger (table XI). These results
support the hypothesis that the amplitude of the positive
components of the EP to S1 is related to CNV amplitude such
that large amplitude CNVs are associated with low amplitude EP

positivity.

P2, P3_and

N1

Table XII and XIII present the correlation coefficients
between both P2 and P3 amplitudes and N1 amplitude. For all of
the Ss N1 and P2 amplitudes were positively correlated ([table
X1I). 13 of these correlations were significant (p£.05).
However N1 and P3 were not as well correlated as a positive
correlation was obtained for only 1o of the 18 Ss (table XIII).
Of these 16 correlationé 9 were statistically signifjcant. Thas
it appears that both P2 and P3 are related to N1 such that
large N1 amplitudes tend to be related to low amplitude P2 and
P3 components. However this relation appears to be more robust

for N1 and P2 than for N1 and B3.



s

0D1-Male
03-Male
Od-Male
05-Male
0b-Male
07-Kale
08-Male
09-Female
11-Female
12-Female
13-Female
14-Female
15-Female
16~Female
18~Female
19~Female
20~Female
<1-Female

Correlation Coefficients Obtained Between
N1 ana P2 Amplitudes

Cond.Al

+35%
.09
.0¢
«25
B ¥
.01
-4 8%
U4 1x
«25
.27
27
4 3%
~U40*
«35%
«32%
.04
.30
Lbo*

Cond.b

« 17
< U1%
.00
- Sh*
. 36%*
-4
« 27
o 43%
00
.09
«23
«59%
« 9%
«27
e
. 04
.« 39%
« 57%

Taole XII

Cond. A2

«25
.33
- Lyx
.19
«40x*
<22
-.06
21
.16
<09
<21
. 10%*
«34%
.18
-.03
-.02
o HT7*
.17

*p(

Overali

- ZB8%
.« 28%
«24%
. 28%
- hO*
.03

£ 271
«33%
~13

.14

«23%
-58%
U4
«25%*
.08

-01

«3b%*
. 37%

.05
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S

01-Male
03-Male
Od4-Male
05-Male
Ob-HMale
07-tale
08-Male
09-Fenale
11-Female
12-Female
13-Female
14-Female
15-Female
16-Female
18-Female
19-Females
<0-Female
Z21-Female

o)
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Correlation Coefficients Obtained Betw=en
N1 and P3 Amplitudes

nd.al Cond.od
.21 .« 35%
045 -31
«35 .03
.38 qU*
.11 .22
.19 » 09
08 - 10
.11 » 48*
JU3% «02
»34 .33
~UT* o 21
+33 . 05%
<Ol 29
27 -1y
.08 - 40*
.01 .08
. 38% « 20
« 24 .23

Cona,. Az

.13
- 35%
. 3Yx
. 14
.20
-.07
-.04
.17
.04
.18
.18
. 69%
.21
.34
.19
.13
s b 1%*
«30

Tabie XIII

Overall

=2 9%
«30%
«19
e 9%
.13
«07
-+03
. l2%
-.09
< 34%
e lD¥
«50b%
<17
« 20
«17
.00
- 36%
«23%

¥ p< .05
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Table XIV illustrates the airect relationship pbserved
between the P2 and P3 components of the EP to S1. #¥For all of
the Ss the two positive components were positively related and
15 of these correlations were statistically significant
(p£-05) . These findings support the hypothesis that P2 and P3
are directly related so that large P2 amplitudes temnd to be

associated with large P3 amplitudes.

Pocled Correlations

Because of the consistent pattern of correlations observed
between the CNV and EP measures the single-trial daxa was
pooled over all males, all females and all subjects to examine
overall patterns of CNV and EP relationship by sex. These
correlations are presented in table XVI. 4t can be seen that
the correlation between K3 and M4 of the CNV were uanjiformly and
significantly high regardless of sex. However, the correlatioms
between M3 and the EP components, particularly N1 and P2,
appear to interact with sex. N1 amplitude correlated more
highly with M3 for males than for females whereas fpr P2 the

reverse was found. The diftferences for P3 are not as obvious.
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S

01-Male
03-Male
Od-Male
05-Male
06-Male
07-Male
Og-Male
09-~Female
11-Fenale
12-Femals
13-FPemale
14~-Female
15~Female
lo-Female
18~-Female
19~-Femalie
20~Female
<1-Fenale
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Correiation Coefficients Obtained Between

Cond.A1

«33%
.0 1%
ol 3%
- 11
«02
.16
-23%
.15
.09
«0D¥
.25
« 7 1%
.38%
LUS*
.26
JU3%
.17
L

Cond.B

-.08
. 4B*

-.05
o %
«56%
CELS
o O %
-2l

-.05
. 4B*
«27
- H8*
. Uox*
.28
«57*
.31
.28

.21

lablie AIV

P2 and P3 Ampiitude

Cond. A2

o 3%
. 3b%
D 2%
«19
.15
.06
1
« 09
.« 24
VA
<20
« D4*
« 5%
.21
. Jo*
«30
+60%*
«35

Qverall

«3U*
< d5*
. 2b%
«13

2 25%
e 20%
- 34%*
«18

.07

« U5*
« 20%
< DY*
~4B*
. 31%
+«36%
«35%
« 4O*
U 4x*

* p< .05



126

Correlation Coafficients Ubtalned Between
CNV Amplitude (M3) and Integyral Measures {#4)

S Cond. Al Cond.B Conu. A2 Overall

/7 01-Male L69% < 69% . BU* .78%
U3-Male ~30¥ « 86% «3Yx* .« BY*x
Qu4~NMale e . BU* < BO* .~ H2%
05~-Male «3U%* - BY* « B8 1% . BU%
Db-Male .8 1% «89% +90%* « 8%
07-male AL . Byx* . B 2% . B2%
08-Hale .90* «72% +85% « B4 %
09-Female .81% . 86% « 3 3% «37*
11-Female .9.2% ~ BO* «87%* . 89%x
12-Female .75% .87* . 64* .16%
13-Female L77% «TT* ] B* «18%
14~Female .B83% «83% 2 87* <87
15-Fenale .B7* «~ Ob* o 17% « Bl4*
16-Female J77% o 17% . 83% e 1Y%
18-Female .92% . BU4* .B6¥* «58%
19-Female .85% L 711%* L9 1% 33%
Z0-Female .84% « BUX «90* «35%
Z1-Female .78% . B7* «90% .BO*

* p< L05

Table XV
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Correlation Coefficients Obtained Between
CNV Amplitude (13) anma CNV Integral (i#i4),
N1, P< and P3 Using Siugle Trial Data

~ Pooled Over hMales, femaies ana

All Ss
7
CNV Ampl (M3) (X)
CNV INT (hi4) N1 Ampl PZ Ampl P3 Ampl
Kales TTTT U Bux o TTTLO9% L33%
Females LB5* L11% L20% L29%
ALl Ss .Bux . 14* L17% 27

*p<.05

Table XVI
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All of the correlations are significant (p£.05) and in the

direction hypothesized for the within-S correlations.

Within-S Analysis of Variance

Figures 22-39 present the CNV and EP data averaged by
condition for each of the 18 Ss. Examination of these rigures
reveals that for each of the Ss the expected substantial
decrement in CNV amplitude during the "B" condition did not
occur. In fact, for most Ss CNV amplitude was increased as a
result of the negative reinforcement. This trend is illustrated
in figures 40 and 41 which are plots of the condition means for
the Cz M3 and M4 CNV measures for each of the subjects. Similar
plots for the reaction time and EP data are presented in
figures 42-45. Examination of these figures shows that
reaction time {(figure 42) generally decreased over coaditions.
Furthermore this decrease was more pronounced petween the "A1Y
and the "B" condition than between the "B" and the MA2¥
condition. The EP amplitudes were inconsistently related to
the conditions as some subjects showed increased and others
decreased amplitude between the A1 and B condition. These
condition mean values for all single-trial measures are tabied

in Appendix B. To statistically examine these condition effects
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Fz, Cz and Pz CNV Data Averaged

by Condition for Subject 01

(kale)
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Figure 23

Fz, Cz and Pz CNV Data Averaged

by Condition for Subj=ct 03 (Male)
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Figure 24
Fz, Cz and Pz CNV Data Averaged

by Condition for Subj=ct 04 (Hdale)
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Figure 25
Fz, Cz and Pz CNV Data Averaded

by Condition for Subject 05 (kale)
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Figure 26
Fz, Cz and Pz CKNV Data Averaged

by Condition for Subjact 06 (Male)
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Figure 27
Fz, Cz and Pz CNV Data Averagea

by Condition ror subject 07 (sale)
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Figure 28
Fz, Cz and Pz CNV Data Averaged

by Condition for Subject 08 (Hale)
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Figure 29
Fz, Cz and Pz CNV Data Averaged

by Condition for Subject 09 (Female)
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Fiqgurs 30

Cz and Pz CNV Data Averaged

by Condition tor Subject 11 (Female)
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Figure 31
Fz, Cz and Pz CNV Data Averaged

by Condition for Subjesct 12 (Female)
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Figure 32
Fz, Cz and Pz CNV Data Averaiged

by Condition tor Subject 13 (Female)
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Figure 33
Fz, Cz and Pz CNV Data Averaged

by Condition ror Subject 14 (Female)
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Figure 34

Fz, Cz and Pz CNV Data Averaged

by Condition for Subject 15 ({(female)



1=1] pcis

L ———

S




155

Figure 35
¥z, Cz and Pz CNV Data Averaged

by Condition for Subject 16 (Female)
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Figure 36
Fz, Cz and Pz CNV Data Averaged

by Condition for Subject 18 (Female)
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Figure 37
rz, Cz and Pz CNV Data Averaged

by Condition for Subject 19 (Female)
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Figure 38
Fz, Cz and Pz CNV Data Averaged

by Condition for Subject 20 (Fepmale)
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Figure 39
Fz, Cz and Pz CNV Data Averaged

by Condition for Subject 21 (Feaale)
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Figure 40
Mean CNV Amplitude (M3) by Condition

for Each of the 18 Subjects

165



CNV AMPL-M3 (CZ)

166

_40_

_25_.
/,5===E%!E§E§.h\
15+ = If“
== UECSS
Z- AN
~10— o
— S__
O_
| | I
A1 B A2

CUND ITIONS




167

Figure 41
#lean CNV Integral Measur= (M4) by

Condition for Each of the 18 subjects
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Figure 42
Mean Reaction Time by Condition

for Each of tmne 18 Subjects
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Figure 43
Mean N1 Amplitude by Condition

for Each of the 18 Subijects
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FPigure 44
Mean P2 Amplitude by Condition

for Each of the 18 Subjects
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Figure 45
Mean P3 Amplitude by Condition

for Each of the 18 Subjects
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a one-way analysis of variance was used on each of the
single-trial data sets., The results for each S are summarized
in table XVII and Appendix D. A4s cah be seen from table XVII
reaction time and, to a lesser extent, CNV amplitude both
showed somewhat consistent signiticant (p<.05) condition
effects. For 10 of the Ss reaction time was found to decrease
overall; particularly between the "A1" agnd "BY conditions. The
significant M3 and M4 condition effects found for one third of
the §s reflects the greatly increased CNV amsplitude during the
wB® condition relative to the "A" condtions. N1 amplitude was
significantly affected by conditions for only 4 of the Ss. Of
these 4 two show a decrease, one an increase and one no change
in N1 amplitude between the "A1" and "B" conditions. The
observed condition effects for P2 and P3 amplitude are somewhat
more consistent as each of the significant effects reflects
decrease in the amplitude of these components during the "8"

condition.

These within-S analyses of variance for condtipns do not
at all support the primary hypothesis that the effect of the
WB" or Mstressful" condition wpuld be a decrease in CNV
amplitude. On the contrary, the CNV was either not affected or

significantly increased by the addition of "punishment." The ER
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Summary Taple of Signiticant (p<.05) Condition
Eftect for the Single Triai Data

RT B3 My N1 Amp P2 Amp P3 Amp
-~Male X X X X X X
e X

-Male X X X
-Male X X
-Male X
-Male
-Male X
~-Female
-Female X X X
-Female
B-Female X X X
-Female X R ). X X
b-Felale X X
-Female X
-Female X
-Female X
-Female X X
~Female X X X
Males X X X X
Females X X X X X

X X X X X X

TABLE avii
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changes over conations are not as easily imterpreted since the
conditions are confounded with time; and habituation is known to
produce decrements in the amplitudes of all scalp-recorded EP
components (Kegan 1972). However, the P2 and P3 changes are in
the opposite direction to the CNV changes which confirm the

rTelationships observed in the correlatjion data.

The effect of S1 tone intensity was examined with one-way
analyses of variance using each of the S§'s single-trial data.
These results are summarized in table XVIII and Appendix D. As
can be seen from table XVIII there were no significant tone
effects for either of the CNV measures {M3 or Ki4). Neither was
there a consistent pattern of tone effects for the EP
components. NJ appears to have been most sensitive to tone
intensity althaough the relatiomnship does not appear to be at
all linear (see Appendix D). The same pattern was tound for the

scattering of significant P2 and P3 tone effects.

Pooled 5 Analyses_of Variapce (Singde~Trial DBata)

To examine the consistency of the conditicon and tone
effects the single trial data pooled over all males, over all

females and over all $s were examined with one-wvay analyses of



summary Table of Signiticant (p<.05) Tone

Effects for the Single Trial Vata

B3

15-Female
16-Female
18-Female
9-Female
20-Femnale
21-Female

e e e e e

My N1 Amp

P2 Amp

P3 Amp

< b B

1su

Males
Females
Ss

TABLE XVI1II
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variance. These results are presented in tables XVII and XVIII
and Appendix F. Additionally the means for all the pooled
single~trial measures are tabled im Appendjix C. Table X¥II
demonstrates that the pattern pf variables showing condition
effects was substantially different for males than for females.
For both males and temales reactioan time, CNV amplitade (M3)
and P3 amplitude displayed significant .(p<.05) condition
differences. However, reaction time decreased steadily over
conditions for the females whereas for the males there was an
initial decrease from the "A1" to "B" conditions and no further
change from the "“BY to "A2" conditions. CNV amplitude (#3) was
increased during the “B" condition for both groups and then
declined to "A1" levels for the females. For males the CNV stayed
elevated during the "A2Y" condition. P3 amplitude for the males
declined steadily over conditions. For the femaies the "“BY
condition produced a significant P3 decrement and np farther
change was observed between the ¥B" and "A2" conditions. In
additién P2 amplitude was sensitive to conditions fpr the aales
only. Por the male data P2 amplitude was decreased in the B
condition. 1In contrast, for the femaies, the CNV integrail

{M4) and N1 amplitude both displayed significant coandition
effects. Fer both of these measures transient increases were

observed over the "B"™ condition. For the singie-trial data
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pooled overall Ss all of the measures displayed significant
condition effects. Reaction time decreased continupusly over
conditions. The CNV measures (M3 and #M4) and N1 amplitude were
increased by "stress." This enhancement was transieant as the A1l
and A2 conditions did not differ. P2 and P3 amplitudes were

similarly decreased over the "BM"™ and "A2" conditions.

The results of the pooled analyses of variance for tone
intensity effects are presented in table XVIII. Examinatjon of
this table shows that there were substantial sex differences in
the measures showing the effect of tone intensity. For the
pooled male data none of the measures showed tone effects
whereas for the female data significant effects ror reaction
time, CNV amplitude (M3 and M4} and N1 amplitude were found.
For the single-trial data pooled over all 8s siygnificant tone
differences were found only for reaction time and N1 amplitude.
Examination of Appendix F reveais that only the N1 results are
really interpretable, The ampiitude of this component was

found to be directly related tp the intensity of the tone.
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Pooled S_Analyses of Variance (Averaged _DRata)

For each S the single-trial data at Fz, Cz and Pz were
averaged by condition subset (4 subsets per condition) and by
S1 tone intensity. CNV and EP amplitude measures were obtained
as for the single-trial data with the addition of tso measures
(M1 and M2) of the early and mjiddle segments of the CNV
waveform {(see figure 3). Additionally the latencies of the EP
components N1, P2 ana P3 were obtained. The 10 measures
obtained from each averaged waveform were pooled over ald Ss to
form condition and tone intensity data sets. Analyses of
variance were uised on each data set to examine electrode, sex
and either tone or condition effects. The results of these
analyses are illustrated in figures U46-65 and summarized in

tables XIX to XXII and Appendix E.

Initially a sex (X) condition (X) electrods analysis of
variance was applied to the condition data set to examine
possible interactions. NoO signiticant interactions were found
SO separate one-way analyses of variance for sex, electrode and
condition effects were employed. Table XIX shows that
significant sex ditterences (overall electrodes and conditions)

were obtained for all but one of the dependent measuares (P2
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Figure u46

CNV and EP Amplitude Measures for Maies

and Females {(Overall Condaitions ana Electrodes)
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Figure 47
Antarior-Posterior Distribution of N1 Amplitude

for Males, Females and All Ss
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Figure 48
Anterior-Posterior Distribution of P2 Amplitude

for Males, Females and All Ss
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Figure 49
Anterior-Posterior Distribution of P3 Ampiitude

for Males, Females and All Ss
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Figure 50
; Anterior-Posterior Distribution of EP Latenciles

for Males, Females ard All Ss
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Figure 51
Anterior-Posterior Distribution of CNV-M1

for Males, Females and All Ss
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Figure 52
Anterior-Posterior Distribution of CNV-M2

for Males, Females and All §$s
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Figure 53
Anterior-Posterior Distribution of CNV-M3

for Males, Females and All Ss
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Figure 54
Anterior-Posterior Distribution of CNV-Mi

for Males, Females and All Ss




201

_2 O.._
> oALL S
x FEMALES
o MALES
_
@ -200—]
0
O
Lo
|._
Z
[ -
~150
>
Z
O
|
< -100—
)3
i ~50—

I |
FZ CZ PZ

ELECTRODES




202

Figure 55

Spatial-Temporal CNV Distributions for Males
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Figure 56

Spatial-Temporal CNV Distributions for Females
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Figure 57

Spatial-Temporal CHNV Distributions for All Ss
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Figure 58
Mean N1 Applitude by Condition

for Males, Females and All Ss
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Figure 59
Mean P2 Amplitude by Condition

for Males, Females and All Ss
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Figure 60
M2an P3 Applitude by Condition

for Males, Females and All Ss
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Figure 61
¥ean EP Latencies by Condition

for Males, Females and A1l S5s
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Figure 62
Mean CNV-M1 Amplitude by Condition

for Males, Femaies and All §s
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Figure o3
Mean CNV-M2 Amplitude by Condition

tor Males, Females ana All Ss
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Figure ol
Mean CNV-M3 Ampliitude by Condition

for Males, Females and All Ss
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Figure 65
Mean CNV-M4 Integral by Condition

for Males, Femaies and All Ss
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Summary Tapls of Sigaiiicant {p<.03) oex
Effects for th= Poolad Averaged Data

ChV ChkV CuVv CNV N1 N1 P2 2 P3 P3
M1 V] 13 44 AMP  LAT AMP Lal AHP LAT

gificanc ________________TTTTTTTTTTTTTTTTTTTTTTTTTTTT
:Bffact £ )4 X A X X X X X

TABLE XIX
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/
3 Summary Table of Significant (p<.05) Electrode
- Effects for th= Poolad Averageda Data
E = CNV  CMV  CNV  C¥V N1 w1t  Peg P2 P3  P3
- 11 haA 43 A% AMP  LAT  ANP LAL  AHP Lal
s 00z i S S A
Rles X X X X X X X X X
j-5s X X P X X X X X £

o TABLLE XX
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Summary Table of Significaut (p<.U3) Conuition Effects
at Each Electrode and Over ail Electrodes Lor tae
Pocoied Averdged data

CNV CNV CNV CNvV N1 N1 p2 Ps P3 P3
M1 e &3 M4  AaMP LaT AMP LAL AMP LAT

- —— v ——— . T i = > - T — s ——— —— T i i i A e o . e o T — - ——— —— Vo o O T U1 UMt it o i i S

Males
Females X X X
All ss X X Fe X

All Ss X

Fenmales
All Ss

. i  —— ——— ———— —— " ——— ——— - — . ——— —— - o i} o = o T — A T —— —— . — —— A1 T St ik D . S et S e o ek ot

Electrodes

@ - Males X X X X
W Electrodes

- Females X X X X

Ll Electrodes

fanle XXI
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] suammary fabie of Significant (p<.05) Tone Liiects
At 2ach Blectroue and Ovaer All Plectrodses tor the

Pooled Averaged Data

CRV CNV CHv CNV N1 N1 22 Ps P3 P3
11 M2 u3 M4 AMP  LAT AHMP LAl aMbP LAT

:;- Males
#l - Females
§]- All ss X

B e o o e e e e e e e s ——_—_— 2 ———— — T — . . " " ———— i _— i . i T — o o it e o S it . S S . o . O

il- a11 3s
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amplitude). These results are depicted graphicaily in figure 46
for each of the amplitude measdwres. AS can be seen fror an
examination of this figure the amplitude of N1, P3 and the two
later CNV measuares (M2 and M3) were signiticantly greater for
females than for males. This trend was particularly evident for
M2 and M3 of the CNV. For M1 tuais situation was rewersed as the
males produced larger amplitude early nagativity. This
inconsistent finding is probably due to the larger aaplitade

and longer latency of the P3 component in femaies as M1 started
only 500 msec after S1 and would have included some late

positivity.

Significant (p<.05) electrode effects overall conditions
are summmarized in table XX for males, females aud all Ss.
These findings are also displayed graphicadly in figures #47-57.
Figure 47 presents the topographical distribution of the N1 EP
component. As can be seen N1 is largest at the vertex and of
about equal amplitude at Fz and Pz. This figure iliustrates the
pronounced sex differences for N1 observed only at Fz. At this
one electrode N1 was significantly larger for females than for

males.

Figure 48 displays the anterior-posterior distribution of
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P2 amplitude which was parietally dominant with Cz larger than
Fz. This figure also illustrates an interesting although

non-significant interaction between sex and P2 topographye.

The P3 distribution is depicted in figure 49 which clearly
sho¥s that the maximum amplitude was at Pz and the Fz was
slightly larger than Cz. Maximum sex differences fcr P3 were
observed at Pz although at all electrodes the females had

larger amplitude P3 coRrponents.

The latency of the EP components at each of the electrodes
is illustrated in figure 50. ¥1 latency is significantly
decreased from Fz to Pz for both maies and temales. The latency
of P2 showed no topographic or sex differences. P3 latency for
males showed no topographic distribution. However, for females
P3 latency was significantly longer than for males and
additionally, showed shorter latency at Fz than at either Cz or

Pz.

The frontally dominant distribution of the early CNV
component (M1) is clearly displayed in figure 51. @he finding
of larger ampiitude of this component for males is seen

uniformly at all electrodes.
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Figure 52 shows the topographical distribution of M2, the
"piddle" CNV measure. This measure was largest at the vertex,
not much smaller frontally and quite a bit smaller parietailly.
The M2 measure was found to be larger for females at each of
the electrodes although the difference was more prono&nced at

Fz.

The distribution of CNV M3 was centraldly dominant as can
be seen in figure 53. For this measure Fz and Pz displayed very
similar amplitudes., Examination of this fiqure also shows that
the sex differences at all of the electrodes were particularly
pronounced for M3 although the differences were once again
larger at Fz. Tne direction of the sex differences was such

that the females displayed sigmificantly larger CNV values.

The topography of the CNV integral measure (M4¥ 1is
presented in table 54, This measure of overall negativity
showed a prominant frontal-central dominance for the CNV
obtained in this discrimination task. The Pz integral is
greatly reduced relative to Fz and Cz. The females demonstrated
greater negatiwvity at all electrodes although the differences

vere again accentuated at Fz.
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Figures 55-57 present the spatial-temporal distribution of
the CNV for the males (fiqure 55), for the females ,(figure 506)
and for all Ss (tigure 57). Examination of these fjgures
clearly demonstrates the frontal dominance of the early CNV
measure (M1) and the central dpminamce of the later CNV
measres. These spatial-temporal distributions also show sex
differences which are most pronounced for Fz. For the males Fz
amplitude is largest at M1 and then rapidly declines over the
CNV interval so that by M3 it is of lower amplitude than Bz. 1In
contrast, for the females Fz amplitude increases slightly over

the CNV interval so that M3 is larger than M1.

The significant condition effects at each and overali
electrodes are summarized 1in table XXI. Additionally the
condition effects overall electrodes are illustrated in figures
58-65. From examination of table XXI it can be seen that
generaily the females were more influenced by the conditions
than vere the males. Furthermore it can be seen that the Cz and
Pz measures were far more sensitive to cobdition effects than
were the FzZ measures. Maximum sex differences for condition
effects were seen at Cz. None of the Cz measures for the males

were significant whereas the M2, M3 and M4 CNV measures tor the
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females all reached significance.

Fiqure 58 depicts the condition effects on N1 amplitude
for males, for females and for all Ss. The amplitude of N1 was
seen to remain relatively constant between the "A1" and the "B"
conditions but to decrease significantly between the "B" and
wa2" conditions. This trend was observed for both males and
" females. It can be seen that N1 amplitude was siightly larger

for females than for males for each ot the conditions.

P2 amplitunde was seen to decrease during the "B" condition
and then to increase sliqghtly during the "a2" condition (figure
59). This figure reveals that an interesting non-significant
interaction was obtained between sex and condition because the
males demonstrated a more pronounced decrement in P2 durjng the

¥stressfulY condition.

Figure 60 illustrates the condition effects on P3
amplitude. Examination of this fiqgure clearly shows the
decrement in amplitude between "A1" and “BY and the
stabilization between "B" and "A2%", This effect was consistent
for both males and females although the females dempnstrated

larger P3 amplitudes for all conditions.
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The mean latency of the EP components by condition is
presented in figure 61. This figure cleardy shows that the
latency of the EP components was not significantly affected by
condition. However, a significant sex difference fpr P3 latency
was observed. 1In each cf the conditions longer latency P3

components were obtained from the females.

Figure 62 illustrates the non-significant condition effect
for the M1 CNV measure. However, it can be seen that there was
a trend for greater negativity during the "8" condition. This
figure also shows the previously observed sex differences of
larger amplitude M1 measures for the males over each of the

conditions.

CNV M2 condition effects are presented in figure 63. The
increase in CNV amplitude as a result of the “p" condition is
seen to be larger for females than for males. The condition
effect for males was not significant whereas for females it
was, There was also an observed difference in amplitude betveen
the males and the females (females more negative) that
interacted a bit with conditions. The sex differences increased

between the "A1" and "B" conditions and then decreased to
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almost nothing during the "A2" condition.

Figure 64 depicts the CNV M3 condition effects.
Examination of this figure sho#s the significant increases in
M3 for both males and females during the "B" condition.
Furthermore the sex differences in M3 amplitude are extremely
pronounced. In each of the conditions the females displayed

significantly greater negativity.

Condition effects for the CNV integral measure .(M4) are
presented in figure 65. It can be seen that the increase in
negativity over the "stress" cpndition was much more pronouanced
for females than for males. 1Ia all conditions the females
displayed greater negativity althouyh the sex difference was

greatly reduced over the "A2" condition.

Table XXII summarizes the significant tone effects. A4s can
be seen froam this rather sparse table only N1 amplitude was at
all related to tone intensity. The relationship betseen tone
intensity and N1 amplitude is relatively direct in that tae

more intense tones produced larger N1 amplitudes.
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The primary aim of this thesis was to determine the
relationship(s) between SPL fluctuations and EP and CNV
amplitude in an experimental situation similar to those that
have previously been shown to groduce decrements in CNV
amplitude due to induced "stress." The selected paradigm was a
3 condition auditory discrimination task that required the S to
merely decide if the two tones presented as S1 and S2 were of
equal or different intensity. The 3 conditions were presented
in an "A1-B-A2" format with the "B" or stressful condition
differing from the A" conditions only in that negative
reinforcement, in the form of a 95 db blast of white noise, was
administered for incorrect or delayed chice. Similar paradigms
have been used previously by Knott and Peters (1974} and Peters
and Knott (1976) to investigate the effect of situational
anxiety on the CNV., These authors have reported that noxjious
feedback produced a decrement jin CNV amplitude for female Ss.
No such effect was observed for the males. The finding of a
reduced CNV in females was ascribed to an jincreased level of
anxiety induced by the noxious feedback. Previous reports by on
of the authors (Knott 1972; Knott and Irwia 1967, 18968} have

attributed such decrements to situation-induced negative SPL
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shifts. In the 1972 article Knott posits that there is an
overall limit to cortical negativity {(the Yceiling") and
consequently any sustained negative shift limits the maximum
amplitude of any further negatjve slow activity. The closer the
SPL is to the ceiling, the less the amplitude of any addjitional
negativity that can be expressed fully. This hypothetical
statement of an inverse relationship between the CNV and SPL has
been labelled the %ceiling hypothesis" ({Knott 1972) and has
occasionally been cited to explain otherwise inexplicable
situation-specjfic CNV decrements (Poon, Thompson and Marsh
1976) as well as subject-specific CNV anomalies (Knptt and

Irwin 1967, 1968; Low and Swift 1971).

The research described in this thesis was intended to be
the first attempt at subjecting the "ceiling hypothesis" to
direct experimental test. The expected CNV decrements during
the “stressful" condition were to be accompanied by negative
SPL changes reflecting increased arousal levels. Observation of
this sort of relationship would have been considered as
confirmation of the “ceiling hypothesis." Alternatively, if the
CNV changes comld have been dissociated from the SPL
fluctuations this would have been interpreted as

disconfirmation of the relationship. Unfortunately the totaily
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unexpected results of increased CNV amplitude during the
w“stressful” condition makes it impgssible to relate this data

to the "“ceiling hypothesis" per se.

Nonetheless there are certain consistencies in the SPL
data and in the observed relationshnips between the SPL and the
CNV and EP data that are of interest. PFirst of all, for 13 of
the 18 Ss the SPL shifted predominantly positively pwer the
course of the experimental session (see figures 4-21). The
significance of these positive shifts is of course open to
multiple interpretations. The most obwious one is that these
SPL shifts are predominantly artifactual aad consequently bear
little, if any, relationship to neural processes. &he
relatively insignificant patterns of relation between SPL and
the CNV and EP would indirectly support such an interpratation.
On the other hand, there are several points that strongly argue
against any simple equation of the SPL data with artifact. As
mentioned previously there are two major potential sources of
artifact in DC scalp recording - the electrodes and the skjn.
The elaborate procedures employed to minimize electrode and
skin problems are detailed elsewhere. Suffice it to say that
all conceivable precautions were taken prior to data collection

to insure that minimal artifact would be introduced at this
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stage. Additiomally, the consistency of the SPL data in as far
as the direction of the shift arques against the electrodes as
being the source. The two selected SPL electrodes #sere
alternated across Ss as to which electrode was applied to the
vertex and which to the reference site. If the electrodes
themselves were unbalanced the direction of drift woulid have
alternated overvgs. No such consistent pattern was observed
between SPL and the specific eliectrode configuration. A
further argument against the electrodes being solely or
primarily responsible for the recorded shifts is the non-ilinear
nature of the SPL data for the majority of Ss. Electrode drift
tends to be uni-directional as the drift is a reflegtion of
decreasing electrode potential difference. Therefore this
author maintains that the electrodes are an unlikely source ifor

the recorded SPL fluctuations.

The degree to which the SPL measures are contaminated by
cephalic GSP activity is more difficult to assess. Two
investigations (Picton and Hildyard 1972; Corby, Roth and
Kopell 1974) have recently examined the coatribution of GSP
activity to scalp recorded CNVs. Picton and Hillyard . (1972)
found that folldowing sensory stimulation a surface negative

transepidermal slow potential of several millivolts may be
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superimposed upon the resting potential. This shift presumably
reflects sweat gland activity .(Venables and Cristie; 1973) .
CNVs recorded through intact skin were seen to contain these
phasic mastoid positive waves which artifactuaily augmented the
later components of the CNV and altered its waveiform. Such
electrodermal contamination 0of CNV recordings was Bmore
prevalent in vwarm and drowsy subjects, especially where the CNV
task was particularly demanding. Corby et al. (1974) studied
the prevalence and methods of eliminating GSP during a CNV
task. These authors found significant stimulus-induced GSP
artifact in the EEG of 10 of their 21 §s. However, both studies
found that puncturing the skin, either before electrode
application, or by the use of subdermal pin electrodes,

eliminated the GSP %contaminatjon¥.

Based on these findings, both dermabrasion and skin
lesioning were used in this study to minimjze SP artifact in
the SPL and CNV data. To assess the efficacy of these skin
preparation technigques simuitaneous recordings of GSP were
obtained from two differently prepared "active" scailp
electrodes referenced to the same lesioned site. One of the
scalp sites was prepared as for the SPL electrodes. The second

site was prepared to record GSP activity so care vas taken to
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avoid damaging the outer skin layers. It was expected that the
differing amounts of recorded G6SP activity in the t&o chanaels
would indicate the success of skin penetration as a means of
reducing GSP artifact. Additionally the one channel of "true"
GSP was to provide an independent measure of the "anxiety" or
“arousal" produced by the experimental manjipulations. However,
in all Ss but one (figure 66) there was no sign of any GSP
activity in either of the two GSP channels. This finding
demonstrated that skin lesioning is usually an effective
technique for eliminating or reducing GSP artifact. Furthermore
the similar patterns of activity recorded from the
lesioned-lesioned pair and the non-iesioned-lesioned pair
suggests that most reports of GSP contamination are probably
due to skin activity at the reference. This sugygestjion is
supported by tigure 66 which illustrates the one instance of
recorded GSP activity. This figure presents four triails
selected to show succesively larger GSP responses. Fron
examination of this fiqure it can be seen that the actjivity
from the two GSP channels (7 and 8; labelled CSP1 and 2) was
nearly identical despite the different electrode-skin
preparations. Additionmally the large amplitude (up to several
Billivolts) skin potentials were not reflected at ald in the

EEG channels. In concert these two observations demonstrate
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that the skin potentiald activity was originating at the left
mastoid. This electrode site was apparently improperiy prepared
as was also the eye electrode as the EOG channel displayed skin
potential activity of opposite polarity. In fact the data fromn
this S was discarded from the analysis due to the excessive GSP
activity recorded at the eye lead. As this was the only 5 who
showed any skin potential response at all the evidence for
differential susceptibility of the two reference sites to skin
potential contamination is rather sparse. However, it seems
that with careful skin preparations both the mastoids and

earlobes can be used successfully.

In general the GSP data 1s significant in that it provides
indirect evidence that the SPL recordings were not contaminated
with the phasic type of skin pptential activity. Npnetheless it
is still possible that tonic changes ia skin potential level
(of which very little is known; see Venables and Christie 1973)
may have been a source of artifact. The inconsistent patterns
of relationship between the 2 GSP channels and the SPL data
(see Appendix G) do not provide evidence one way or the other.
However the substantially lower potential differences recorded
between the lesioned GSP pair than between the intact-lesioned

pair (see Appendix B) suggest that the skin potential level was
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probably not contributing to aany observed potentials between
lesioned sites. This ten-fold difference in initial potential
indicates that with skin penetration the skin potentjal level

can be greatly reduced if pot eliminated.

The consistent polarity of the SPL changes makes it
difficult to attribute these slow changes to some of the other
possible artifactual sources as it becomes necessary to
postulate processes that affect one electrode more than the
other. Any temperature differences between the electrodes and
the skin would have been minimized over the 45 minute period
betvween the time of electrode application and the start of
data collection. Further electrode-skin temperature ajtfereunces
due to fluctuations in body and/or ambient temperature should
have affected both electrodes equally. Similarly, changes in
electrolyte concentration at the electrode-skin interrace due
to tissue damage should have occurred equailly at both electrode
sites as the preparations were identical. Therefore it is
considered improbable that the SPL data were primarily a

reflection of physical, non-biological processes.

Despite the recognized uncertainties involved in DC scalp

recording, it is tentatively concluded that the SPL data
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primarily reflected a neural change occurring at the cortical
surface. The physiological and/or psychological significance of
these slow changes can only be speculated as the direction of
change was predominantly counter to expectations. However,
there are several plausible interpretations that can be given
to the SPL findings that are equally congruent with the
obtained CNV data. If it is assumed that the relatjonship
between arousal levels and SPL 1is such that increased aroasal
is associated with negative shifts and conversely, decreased
arousal is accompanied by positive shifts, the SPL and CNV data
can be put into a perspective compatible with the "ceiling
hypothesis." In fact, if one is willing to conjecture that the
arousal level of the Ss decreased uniformly over the
experimental session somewhat independently cf the conditions,
an argument can be made that this data is not only compatible
with, but indirectly supportive of the "ceiling hypothesis." 1t
may very well be that for the naive 5 the most "stressful" or
"arousing® part of the experiment concerns the initial
preparations and set-up. The uncertainties of the naiwve S with
respect to the procedures involved, the task requirements and
their subsequent performance may create a very stressful
situation. This may be particulariy true in recording sjituations

necessitating stable electrodes as the procedure often
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employed to allow the electrodes time to stapilize is to leave
the S alone and inactive in the recording situation for soae
period of time to ostensibly "relax." If the S was already
apprehensive about the situation this period of inactivity may
actually heighten rather than decrease the anxiety level.
Therefore if the assumption about increased anxiety and arousal
leading to prodonged surface negativity is correct, it is
possible that the Ss may have been close to the "ceiling," the
point of maximam possible negativity, at the start of data
collection. Familiarization with the experimental situations
and its demand would quickly reduce the overall level of
arousal producing a sustained positive SPL shift. That tais
shift was not reactive to the "stresstul" condition may be a
reflection of experimenter naivete in designing "stressfal"®

situations.

The SPL data obtained in this study are basicaidly
compatible with such a view., For 13 of the 18 Ss SPL did shift
predominantly positively over the course of the experiaental
session (see tiqures 4-21). Furthermore, for approximately
half of these Ss CNV amplitude did increase concomitantly with
the positive SPL shifts (see table I). These findings do

provide some ewidence that the relationship between SPL and the
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CNV is inverse; and as this relationship is a necessary
component of the "ceiling hypothesis," these data could be

interpreted as indirectly suppprting this viewpoint.

An alternative interpretation of the SPL resul#s is based
partly on pilot work done by this author om the relationship
between scalp recorded SPL fluctuations and the stages of
sleep. In this research one of the more consistent findings has
been surface positive SPL shifts with the transition fromn
slow-wave to RBM sleep and from sleep to wakefuiness (see also
Starobinetz?' 1966 report of REM "electro-positvity"}. This is
in marked contrast to the bulk of animal research that has
consistently reported surface negativity during these same
transitions. As all of these jnvestigations had used
trans-corticai recording, it is of interest that Wurtz (1965),
using an extra-cerebral reference, reported surface positiwvity
upon awakening and during the transition from slow-wave to REN
sleep. It is tempting to postulate that the steady potential
field is such that transcortical positivity is equivalent to
negativity recorded between the cortical surface and an
extra-cerebral reference or between two extracerebral
electrodes. Accepting this postulate, the SPL data can then be
viewed as generally indicating INCREASED arousal over the

experimental session. This is somewhat more in agreement with
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the reaction time data which generally decreased over conditions
and subjective reports gathered at the end of the data sessione.
Additionally it has been demonstrated that the effecgt of
increasing levels of arousal (up to a point) is to increase CNV
amplitude (Tecce 1972) so the CNV data are equally compatible
with this interpretation. However, the lack of SPL change to

the "BY" or "stressful® condition is still troublesonme.

Perhaps the latency of situation-induced SPL change is
sufficiently long that the relationship is obscured due to the
lack of temporal contiguity. The Aldajolova (1964) data on
infra slow potentials in rats supports the idea of such a long
latency reaction to stress, On tne other hand, perhaps there is
no direct relationship between transient alterations ia arousal
and SPL. The data obtained om SPL changes during the
sleep-vakefulness cycle reflects potential change due prjmarily
to endogenous metabolic processes which are regulated by a
plethora of internal mechanisms. The susceptibility of these
processes to transient external modification has not reaidly
been demonstrated. It is apparent that much further research
needs to be done to determine both the spatial and temporal
patterns of SPL change and the relatioaships these changes have

to heuristic physiological and psychological coanstructs such as
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Whatever the underlying significance of the SPL data there
are nonetheless some mildly interesting patterns of correlation
between SPL and the amplitude of the event-related potentials.
Figure 67 illustrates the pattern of correlation obtained
betwean SPL, CNV, N1, P2 and P3 for each of the conditions. The
bars indicate the number of Ss showing a positive and the
number of Ss showing a negative correlation (total = 18) for
any of the correlated pairs of variables in each condition. The
numbers above and below the bars are the mean positive and
negative correlations. It can be seen that the first (left)
part of the figure shows a relatively equal number of positive
and negative correlations. This part of thefgraph depicts the
relationships between SPL values and CNV, N1, P2 and P3
amplitudes. This lack of consistency in the direction of
relation is paralleled by the generally low correlation
coefficients, <Comparison of this figure with tables I - V which
present the correlation coefficients for each § over all
conditions and within conditions demonstrates that the overall
correlations were equally inconsistent. However, there
is a trend for the significant correlations between SPL and the

CNV, P2 and P3 to be negative in sign which is in the direction
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Figure 67
Number of positive and negative correlations
tor each of the pairs of variables. Mean
positive and negative correlations are above

and below the barse.
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hypothesized. Aas the SPL shifted positively it was expected to
be related to both increased CNV and N1 amplitudes and

decreased #2 and P3 amplitudes. As can be seen from tables I -
V there is some scant evidence for this relationship holdiayg
between SPL and the CNV and the positive EP components. However
the significant N1 correlations are positive indicating
decreased N1 amplitude with positive SPL change. This reversed
finding is probably due to the effects of habituation on this

EP component independent of the SPL. Unfortunately the
significant findings for P2 and P3 could possibly be explained
similarly. Therefore it is difticult to come to any conclusions
about the relationship between the tonic steady potential level
and the observed amplitudes of the CNV and EP compoments. These
findings can be interpreted in one of two ways. The first is
that the SPL data is sufficiently contaminated with extraneous
artifact that the "true" relationship is obscured in differeat
Ss to varying degrees depending on the amount of contamination.
If this i1s true then further refinement in methodology should

be expected to produce more coasistent results. The second
possibility is that there really are no direct relationships
between these types of brain activity so the tfew significant
results are solely due to chance. The only, and adﬁittedly

rather indirect evidence to argue against this second
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possibility is the consistent pattern of relationships observed
between the CNV and the EP components. This general pattern
indicates a reciprocal relationship between expressed

positivity and expressed negativity.

These findings are illustrated in the second half of
figure 67. The consistency of these interrelationshjps is
apparent in the overwhelming percentage of positive
correlations (see also tables VI - XV). One interesting treand
apparent in this figure is the somewhat decreasing consistency
of the relationships between CdV ampiitude and the EP
components over conditions. As mentioned previously this
appears to be due to the effect of habituation differentjally
affecting the CNV and EP. Nonetheless for any one condition and
overall conditions there are very significant
interrelationships betsween these event-related poteatials.
Large amplitude CNVs tend to be associated with large amplitude
N1 and decreased P2 and P3 components. <Conversely, lower
amplitude CNVs tend to be associated with smalier N1 and larger

P2 and P3 amplitudes.

These findings are of interest since previous studies

investigating the relationship between the EP to S1 and CNV
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amplitude have reported rather inconsistent resuits. Several
invesitgations have reported weak positive correlatijons .(Walter
1964c; Wazak and Obrist 1969; McCalium and Walter 1968; Cohen
1969) whereas others (Cohen and Walter 1966; Hillyard 1969a)
have reported no consistent relations whatever. HouWever, as
most ot their studies examined "averaged" waveforms, the
differences in results may be due to the method of analysis. It
is expected that single-trial analysis would be a more

sensitive measure of the patterns of covariation.

The unexpected effects of stress on CNV measures observed
in this research (see figures 22-41 and 62-65; tables XVII and
XXI) are difficult to recomncile witn the results reported by
Knott and Peters (1974) and Low and Swift .(1971) of decreased
CNV amplitude with increased sjtuational stress. Part of the
discrepancy may be due to a confounding of discrimination
difficulty with the induced-stress as the paradigms used by
these investigators have employed successively more difficult
discriminations with conseguently more errors. Each error
produced some negative reinforcement which acted as a stresser.
The amount of stress was equated with the number of errors.
However, Delse et al. (1972) have shown that increasingdy

difficult auditory discrimination with nomn-noxious feedback
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produces CNV decrements proportional to the task diﬁficulty S0
that the "stress® effects may be due primarily to task
difficulty. The same objectiom cannot be raised for the Peters
and Knott {1976) study in which the same discrimination
paradigm was eaployed with and without negative feedback.
Although this paradigm 1s very similar to the one used in this
report, Peters and Knott found decreased CNV amplitude wjith
noxious or stressful feedback. The noxiousness of the negative
reinforcers used in the studies was probably comparable as the
intensity of the different sounds was egual (95 db).
Additionally one investigator was exposed to both situatiomns
and found them equally obnoxious (Peters, personal
communications 1976). Therefore the probability of the
discrepant results being due to different amounts of induced
stress seems somewhat remote., An alternative explaanation has to
do with the different task requirements, In the Peters and
Knott study the S was required to make a discrimination at S1
as to whether or not a response should be made to S3. 1n this
task all the information necessary for the discrimimatjion is in
S1. The ISI would probably be used by the S to decide whether
or not to respond. The reduced CNV with stressful feedback in
this situation might be a reflection of the additional effort

in information processing and decision-making necessary to
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minimize errors. In contrast, the discrimination task in this
study required the S to ccmpare the intensity of the tone Pips
presented as 51 and S2. Therefore the information reguired to
successfully make this discrimination was equally in the two
stimuli. The decision to respond in one manner or the other
could not be made until the presentation of S2 so that over the
ISI the S was ﬁerely required to "remember" the intensity of
S1. 1In this paradigm the increased CNV is probably due to
increased attentiomnal or motivational factors as both have been
shown to produce increases in amplitude (Tecce 1972). HWhether
or not this is identical to a "stress" effect remains to be
seen. The lack of an independent measure of autonomic

reactivity further confounds the problem of interpretation.

Another discrepancy between these results and what #as
expected is the lack of significant interaction between sex and
"stress." Knott and Peters (1974) had demonstrated a strong
interaction such that the CNV in females was greatly attenuated
whereas the CNVs in males showed no stress effect at aill.
However the Peters and Knott (1976) study found no siganificant
interaction between sex and stress. The results of this present
research are in agreement with the later study. For both
groups the CNV showed increased amplitude during the "B%,

or allegedly stressful condition aithough there was a
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definite trend for the effect to be more pronounced in females

{see table XXI and figures 62-65).

Despite the lack of interaction betweean sex and the
conditions, there were proancunced sex differences observed for
almoét all of the CNV and EP measures (see table XIX and
figures 46-65). In general the amplitudes of both the EPpP
components and the CNV were larger tfor females than for males.
Additionally the females had larger latencies for the EP
cdmponents. This finding is particularly evident for P3. Sex
differences in CNVs and EPs have not often been reported.
However, a series of recent studies by Nakamura £t ai. {1975,
1976 II, III) have reported that CNV amplitude for females was
consistently larger than for males. The EP literature is
somewhat inconsistent. In general it appears that reported sex
differences in both amplitude and latency are small, if present
(Shagass 1972). Males have occasionally been reported to have
lower amplitudes for particular components (Shagass 1972;
Straumanis et al. 1965; Buchsbaum et al. 1974). However the
latency of any component has not consistently been shown to be
different for males than for females. Since sex differences in
electrophysiology are rather difficult to interpret; severail

investigations have attempted to assess the contribution of
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physical differences to observed amplitude differences. Quoting

from Buchsbaum et al. (1974) 2

Anatomical differences in the skulls of men and women
do not appear to explain the observed sex differences
in AER (auditory evoked responsej. Although thicker
crahial bone cr soft tissues might be expected to
attenuate the AER amplituae in adult males, no
correlation between thickﬁess and AER amplitude was
observed. Similarly, Dustmam and Beck (1965) found no
correlation between anthropometric skuil measurements
and AER characteristics. Larger brain weight might
also be associated with larger AER amplitude;
however, women tend to have smaller brain weight than

men, yet exhibit larger AER ampljitfide.

The sex differences reported in this study are even more
difficult to explain on the basis of differential physical
brain, skull and tissue parameters as there are more pronounced
CNV and N1 sex differences at Fz than at either Pz or Cz. On
the other hand the positive EP components showed majimal sex
differences at Pz. Although this interaction between electrode

and sex was not statistically significant, examination of

m N FRIERREEE
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figures 47-57 illustrate the trends.

Figures 55-57 illustrate the spatial-temporal pattern of
the CNVs obtained in this study for males, females and all Ss.
It can be seen that the early component of the CNV {M1) is
maximal at Fz. The middle and late components (M2 and M3) are
maximal at the vertex. For males (figure 55) the acitivity at
Fz shows greatest negativity in the early part of the CNV and
then drops off sharply over the CNV interval. In copntrast the
female Fz data (figure 56) show a sustained slightly increasing
negative shift throughout the interval. Cz and Pz both show
similar waveforms although both are consistently larger for M2

and M3 in femaldes than in males.

The topographical data indicate several iateresting
points. The first is that overall Ss the CNV amplitude
distribution was shifted frontally. 1In males peak amplitude wvas
at Fz and for females Fz amplitude was only slightly less

negative than at Cz. Similar findings of fromntally distributed

[
4

CNVs have been reported by Jarvilehto and Fruhstorfer (1970) in
an auditory discrimination task. This finding is ia contrast to
the usual CNV topography which has been reported as centrally

dominant (Cohen 1974; Tecce 1972; Weinberg and Papakostopoulos
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1975). The Weinberg and Papakpstopulos paper observed that not
only are CNVs smaller at frontal sites than central but they

are also of different shape. These results support the
observation of shape differences at ¥z but, since these frontal
waveforms are apparently sex and task dependent it is as rash to

speak of the frontal CNV as of the CNV in general.

The topographical distribution of the early and late CNV
components is interpreted as support for the fashionable idea
of a non-unitary CNV (Loveless and sanford 1973, 1974, 1975).
The early component was frontally dominant and is presumed to
reflect stimulus orientation. The later components were
centrally dominant and are presumed to refiect preparation to

respond.

The observed sex differences at the frontal electrode can
perhaps be interpreted as a reflection of sex-related stimulus
orientation processes. The sex differences in CNV amplitude
were most pronounced frontally. The amplitude of the N1
component of the EP which has been related to selective
attention (Tueting 1976) also showed the largest sex
differences at Fz. Additionally a shorter latency P3 w®as

observed at Fz for females. For males P3 latency showed no
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spatial differences. This shorter latency frontal P3 (a) has
been recently related to stimulus novelty and oriemntation
{Tueting 1976). Taken together these tindings seem to indicate
that orientation for the females was more intense and/or
prolonged than in the males. The results of the analyses for
the effect of tone intensity do not provide much support for
this notion although no single-trial amalyses of Fz #ere
undertaken. The only consistent effects observed were changes

in N1 amplitude directly related to tone intensity.

In conclusion it seems that this thesis has raised more
questions and possible controversy tham it has settled.
Looking to the future it seems clear that the validity and
physiological/psychological significance of SPL data recorded
from the scalp needs tc be established by either simultaneous
recording from the cortex and scalp or by observatipn of

extremely consistent changes in SPL due to changes in, for

example, the sieep-wakefulness cycle. The related guestion of a
proper reference for SPL recording needs to be considered
carefully. Additionally the topography of SPL tiuctuations
should be examined since the evidence for topographical CNV
differences might be related to local SPL change. ®The

relationship between SPL and the CNV can perhaps be more
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meaningfully examined if CNV trials are presented during

various induced or spontaneous SPL fluctuations rather than
modifying the CNV to determine if SPL changes were the
underlying mechanism for the modification. A study in which CNV
trials are presented contingent on negative or positive pre-5S1
SPL change might be of interest. Alternatively, a study similar
to the Salamy et al (1975) study of the CNV during sleep but

using DC recording might be successful.

The relationship between the amplitude of the EP
components to S1 and the CNV also needs to be examined
carefully. The results frcm this research demonstrate a
significant reciprocal relationship between positiwvity and
negativity in single trial ERPs. The relationship of these
findings to some sort of Yceiling" effect needs to be

investigated.

The relationship between situational stress and the CNV
obviously needs reappraisal. Of primary importance is the
adoption of some standardized definition ana paradigms for
eliciting stress that are as free of confoanding influences as
possible. Additionally an independent autonomic measure of the

effects of "stress" should be obtained in all situatiomns to
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ensure that the experimental operations were indeed stressful.

The observed sex differences are another demonstration
that males and females should not be imndiscriminantdy combined
in electrophysiological research. The determination of thae
relationship between sex and the specific task requirements on

event-related brain activity needs to be undertaken.

The topographical data is hopetully one more nail in the
coffin of the CNV as this research has again shown the scalp
distribution to be influenced by both sex and the task
requirements. Much further research needs to be doae to
delineate the jintricate reiationships between these and other

factors known to influence CNV amplitude and/or wavefornm.
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Appendix A

Specification and Sequencing
of Tonal Stimuli
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TABLE A

Sound Levels_ _of 1000 _Hz Tones_ Used_as_Stimuiji

tone 0 30 db.
tone 1 88 db.
tone 2 80 db.
tone 3 75 db.
tone 4 o8 db.
= tone 5 54 db.
: tone o 48 db.

Sound level was measured by a General Radio {Type 1551- Q)
Sound-Level Meter positioned in place of the subjects!
head. Background noise level was approximately 44 db.
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TABLE A

Sequence of Tone Presentation

52
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TABLE A (cont.)

39 0-0 0-0 0-0
40 0-0 0-0 0-0
41 0-2 0-2 0-2
42 1-5 1-5 1-1
43 0-0 0-0 5-5
4y 4-0 4-0 0-4
45 0-0 0-0 0-0
46 0-0 0-2 0-0
47 2-0 0-0 0-0
48 5-5 5-5 1-1
435 4-4 4-4 0-5
50 3-3 3-3 4-3

Although ton2s were of identical intensity S had to respond as
though they were different to be "correct".
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Appendix B

Tables of Means and Standard
Deviations for Individual Ss




Mean Reaction Time in Msac for
Individual Ss in Each Condition

Tab

le B1

269

s Cond.Al Cond.B Cond.AZ2
01-Maie Mean=663.3 551.5 435.5
SD=147.4 242.6 228.6

03~-Male 787.1 529.3 595.4
213.1 249.3 297.8

O4-Male 781.7 638.5 785.5
162.2 235,7 177.8

05-Male 792.3 663.5 632.7
172.9 265.0 224,77

0b-Male 570. 4 609.7 504.3
231.5 281.1 255.9

07-Male 581.1 524,7 o40.7
284.9 268.0 277.6

08-Male 584.6 629.2 655.8
274.7 215.2 196.2

09-Female 721.2 673.5 661.2
214,.2 217.0 216.2

11-Female 710.7 611.7 6UU4.5
221.0 274.5 267. 4

12-Female o0zb.6 608.1 585.4
281.9 224,2 249.9

13-Femal=e 785.6 667.0 073.4
234.0 261.0 266.9

14-Female 733.8 607.9 527.8
262.3 313.1 247.0

15-Famale 755.3 555.6 554.3
230.8 295.0 252.7

16-Female 702.9 604.0 589.7
237.3 286.7 293.0

18-Female 1000.0 792.6 599,2
0.0 235.3 231.1

19-Female 660.5 619.0 592.6
242. 4 251.8 26U.6

20-Female 868.9 798.8 568.6
185.1 236.0 261.8

21-Female 986.5 840.8 BU42.6
79.6 157.3 195.1
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Table B2

Mean CNV Amplitude (Cz)-M3 in Microvolts
for Individual Ss in Each Condition

S Cond.al Cond. 3 Cond. A2
01-Male Mean=-10.8 -19.9 -22.2
SD= 11.4 10.7 13.5

03-Male -9.3 -11.06 -10.3
7.6 6.7 5.0

O4-Male -16.2 -17.6 -15.8
10.8 15.5 12.6

/ 05-Male =205 -23.7 -25.8
13.3 18.8 10.6

06-Male -6.3 -11.3 -9.2
8.0 9.9 9.8

07-Male -13.6 -12.6 -13.3
8.3 10.7 8.9

08-Male -16.0 14.5 -10.8
‘ 10.3 3.0 11.1
09~Femal= -11.4 -13.8 -14.5
9.9 10.9 11.4

11-Female -15.9 -19.5 ~-11.5
14.5 10.1 123

12-Femal= -10.0 -8.9 -3.5
7.6 8.4 9.3

13-Female -12.1 -17.3 -7.1
12.3 14.1 13.4

14~-Female -19.3 -35.0 -37.9
12.0 11.6 13.0

15-Female -14.7 -16.4 -16.4
17.5 18.8 14.06

16-Female -22.2 -27.1 -27.2
13.7 14.1 15.9

18-Female -18.0 -22.5 -17.0
14.8 14.3 16.9

19-Female -13.5 -15.7 -9.1
12.8 12.2 14.0

20-Female -20.1 -20.2 -17.5
13.5 12.1 14.7

21-Famale -15.4 -21.2 -12.6

11.5 13.4 13.0
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Table B3

Mean CNV Integral (Cz)-Mi for

Individual Ss in Eacha Condition

271

01-Male #“=2an=~167.6

03-Male
Q4-Male
05-Male
06-Male
07-Male
08-Male
09~Female
11-Female
12-Female
13-Female
14-Female
15-Female
16-Femal=
18-Female
19-Female
20-Female

21-Fenmpale

Cond.A1 Cond.B Cond.A2
~232.8 -255,7
SD= 118.0 126.1 145.06
-80.0 ~-84.7 -64.4
82.8 67.6 67.4
-151.7 -220.7 -209.0
134.9 158.3 155.9
-260.4 -270.8 -297.8
151.3 212.7 133.5
-109.2 -135.1 -120.6
75.5 113.7 104.5
-149.3 -140.2 -142.86
75.3 105.3 89.1
~-199.1 -180.7 -124.8
108.3 98.7 108.1
-122.3 -158. 4 -165.0
135.6 111.1 131.6
-175.4 -227.8 -147.9
148.9 105.6 117.0
-80.3 -75.6 -46.7
99.2 98.0 83.5
-216.7 -231.7 -94,.8
116.9 137.2 153.8
-206.5 -330.9 -374.9
132.8 126.6 151. 4
-134.,1 ~-177.8 -157.1
174.8 179.3 154.0
-214.2 ~-245,2 -233.3
121.1 131.7 131.0
-189.2 -237.9 -157.8
180.9 152.4 183.0
-107.8 -141.0 -96.9
122.1 134.1 156.8
-177.9 -170.9 -155.6
133.9 106.1 174.0
-209.1 -249.9 -159.4
126.4 141.1 151.9
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Table B4

Mean N1 Amplitude (Cz) in Microvolts
for Individual Ss in Each Condition

S Cond. A1 Cond.B Cond.A2
01-Male Mean=-18.8 -25.0 -23.0
SD= 11.9 13.4 13.9

03-Male -10.0 ~-8.7 ~-843
5.8 5.4 6.2

04-Male -24.8 -27.5 -22.9
10.3 10.0 12.0

/7 05-Male -28.7 -25.9 -28.4
11.1 11.5 10.5

06-Male ~26.9 -260.3 -20.4
10.5 Bal 6.8

07-Male ~-17.6 -18.6 -17.0
8.3 9.7 9.2

08-Male -30.2 -25.6 ~-26.8
13.6 11.4 12.5

09-Female -14.3 -14.4 -15.0
6.9 7.1 8.6

11-Female ~27.0 -29.9 -24.6
15.2 10.5 10.9

12-Female -18.7 -25.2 -21.1
12.3 8.l 8.7

13-Femala -22.9 ~25. 4 -23.4
11.7 15.2 14.6

14-Fenale -11.8 -14.4 -13.4
7.9 B.9 9.1

15-Female -28.9 -34,0 -29.4
15.0 14.0 10.6

16-Female -29.3 -23.4 -21.4
14.5 10.5 11.3

18-Female -24.,6 -22.0 -18.0
13.6 12.6 12.5

19-Fenale -18.8 ~-17.3 -18.2
12.3 11.06 9.3

20-Fenale -23.9 -27.2 -19.6
11.4 9.2 12.0

21-Fenale -22.9 —-22.4 -24.4

11.2 10.06 13.3
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Table B5S
Mean P2 Amplitude (Cz) in Microvolts
for Individual Ss in Each Condition

5 Cond.A1 Cond.B Cond.A2
01-Male H#Mean=27.8 22.90 18.2
SD=10.8 12.1 13.9
03-Male 10.6 10.6 9.2
5.9 7.2 5.8
Q4-Male 23.3 16. 5 210
10.3 12.4 10.9
) 05-Male 18.8 10. 8 14.5
10.2 10.3 11.9
0b-Male 1.3 1.7 2.8
7.7 7.4 7.1
07-Male 14.5 13. 4 1441
8.3 7.3 7.9
08-Male 10.1 8.6 10.7
10.8 11.0 10a.2
09~-Female 13.7 11.3 9.1
8.2 8.4 7.4
11-Female 15.2 15.1 15. 1
10. 4 11.3 9.9
12-Famale 14.2 17.6 15. 1
14.4 13.3 13.3
13-Female 14.0 16.3 16.5
11.5 14.9 13.8
14-Female 11.3 6.1 be 1
Ba.ld 8.1 9.1
15-Female 11. 4 9.2 7.4
12.8 12.5 12.0
16-Female 14.9 17.1 15.2
13.7 10.0 9.3
18-Female 16.9 16.5 17. 1
11.6 10.2 12.6
19-Fenale 28.2 20.5 20.8
13.3 11.1 11.3
20~-Femalz 28.4 24.9 23.3
10.2 10.3 14.2
21-Female 6.7 b.2 11.1
9.4 13.2 8.7
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Tabie B6
Mean P3 Amplitude (Cz) in Microvolts

for Individual Ss in Each Condition

5 Cond.Al Cond.B Cond.A2

01-Male Mean=16.2 7.7 5.5
Sb=11.8 9.3 10.5

03-Male 8.5 8.8 10.1
7.7 5.5 5.6

04-Male 20.5 13.8 8.9
9.8 11.6 9.1

05-Male -0.9 -0.2 3.6
5.4 8.3 10.4

06-Male 8.9 6.6 6.7
6a2 6.0 5.8

07-Male 13.8 13.9 13.3
7.7 8.6 8.2

08-Male 11.1 9.2 10. 3
9.4 9.0 8.8

09-Female 14.1 10.7 10.8
8.1 7.6 7.1

11-Fenale 20.6 -13.7 19.0
10.1 11.3 11. 4

12-Femalz 24.8 19.5 19.3
12.1 9.1 9.5

13-Female 13.1 11.3 14. 3
12.1 11.0 13.6

14~Female 10.6 3.8 2.8
6.2 7.6 7.8

15-Female 17. 4 13.2 11.0
121 11.2 10.1

16-Female 18.1 15.7 13.2
9.4 8.9 10.5

18-Female 22.2 23.3 18.9
11. 4 12.5 13.2

19-Female 2241 21.6 19.9
10.8 7.7 11.8

20-Female 21.8 18.7 15.5
12.2 11.0 12.2

21-Female 8.0 249 7.4
B.d 6.3 11.9
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01-Male
03-Male
D4-Male
05-Male
D6-Male
07-Male
08-Male
09-Female
11-Fenmale
12-Female
13-Female
14-Female
15-Female
16-Famale
18-Female
19-Female
20-Female

21-Female

Me2an SPL in Microvolts for

Table B7

275

Individual Ss in Each Condition

Cond.A1

M2an=-186.7

SD= 27.8
482.9
121.5

70.3
31.1
-156.2
117.6
683.3
106.0
-250.4
39.7
67.2
68.8
433.7
127.4
-886.6
160.9
295.1
49.4
-653.4
104.3
-9.4
102.2
~607.8
51.9
-285.9
82.6
19.1
125.5
205.2
83.b6
15.1
156.3
-196.9
43.8

Cond.B Cond.A2
-60.9 437.4
71.9 61.7
1109.0 2035.1
159.6 160. 4
312.8 434.9
32.8 34.4
410.6 999.0
121.1 173.4
1153.2 1473.5
95.9 54.0
83.8 638.7
111.9 79.8
483.0 968.8
115.6 112.6
1006.8 1293.1
125.2 69.3
-1225.6 -1196.0
25. 4 53.06
303.0 196. 4
43. 4 31.9
-939.3 ~-853.3
31.8 75.3
560.0 1003.0
130.5 43,2
~-877.7 -1116.8
134.7 55.7
-832.7 -1016.3
65.8 58.4
371.7 o84
86.2 49.4
688.9 1112.0
157. 1 62.4
705.5 1399.1
144.6 104.0
-279.5 78.2
97.5 44.5
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Mean GSP1 Level in Microvolts for
Individual Ss in Each Condition

Cond.A1

01-Male Mean=22586.0

03-Male
Ou-Male
05-Male
0Ob-Male
07-4ale
08-Male
09-Female
11-Female
12-Female
13-Fenale
14-Female
15-Female
16-Female
18-Female
19-Female
20~Female

21-Female

Sb= 117.9
17306.7
1344.9
-32213.0
60.7
30963.0
7175.7
-18439.0
27.2
-40382.0
71.7
-5064.0
25.5
-193711.0
900.8
-32970.0
1471.3
35354.0
14611.6
-39391.0
1902.5
-8558.0
3048.3
-1965.0
34.6
-29094.0
78.8
-448167.0
279.6
11861.0
1070. 4
-38260.0
164.7
9953.0
160.0

Cond.3 Cond.A2
15569.0 9679.0
84.0 12.9
25964.5 37505.6
2108. 4 1019.0
-31298.0 -31143.0
885.4 35.5
43441.0 49675.0
1303.7 2960.6
-14373.0 -9010.0
1142, 2 1921.0
-45104.0 -42513.0
891.4 1536.0
-53908.0 -7733.0
1418. 3 568.0
-195875.0 -1901890.0
301.0 154.6
-37570.0 -42599.0
1474.8 1837.9
32179.0 33759.0
14961.7 92.7
-28630.0 -19726.0
1656.8 83.5
-3006.0 -1851.0
921.7 829.9
-1801.0 2996.0
138.8 51.8
-30065.0 -29189.0
37.4 50.8
-45765.0 -49170.0
7517.8 94.6
7582.0 5985.0
392.1 40.9
-47302.0 -49274.0
2777.3 35.3
10990.0 19110.0
268.3 £2805.2



Table BY

2717

ean GSP2 Level in Microvolts for
Individual Ss in Each Condition

Cond.A1

01-M M2an=-108500.0

03-Male
04-Male
05-Male
06-Mal=
07-Male
08-Male
09-Femal=a
11-Fenale
12-Female
13-Female
14-Female
15-Fenale
16-Femalse
18-Female
19-Femalse
20-Female

21-Female

SD= 25.1

=174555.0
877.4
-321072.0
5397.6
-226450.0
11796.1
-235000.0
4130.8
-206532.0
11772.1
-3469.0
18.2
-29885.0
b4.b6
-50031.0
125.8
-75243.0
3532.3
-181294.0
54570.7
-65524.0
3793.4
-146275.0
3511.4
-132748.0
5127.6
-222929.0
14100.1
43%56.0
773.8
23982.0
41.8
48153.0
159.1

Cond.B Cond.A2
-123518.0 -130370.0
19.8 90.8
-174927.0 -173106.0
1595.3 179.2
-332760.0 -346354,0
2352.7 26. 4
-249380.0 -265024.0
4641.7 2678.4
-247392.0 -249223.0
2302.3 1346.3
-235556.0 -251300.0
3806.5 2684.7
-1801.0 169.0
2614, 3 2106.5
-22056.0 -13230.0
2683.9 896.5
-47063.0 -42438.0
983. 4 1300.9
~-77803.0 -76216.0
863.1 103.9
-197684.0 -197256.0
1886.4 835.0
~83498.0 -34292.0
2298.2 LyB8.7
-159163.0 -169148.0
1811.7 112.0
~153354.0 -161534.0
3043.96 1384.6
-254332.0 -264258.0
2718.17 197.2
43869.0 48989.0
376.8 1235.8
21187.0 19782.0
1222.2 6.7
53511.0 58772.0
692.0 1633.9
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Appendix C

Means Overall Single Trial
/ Data by Condition and by Tone




Means by
Cond. RT
A1 Mean= 739.5
SD= 245.1
B 635.06
269.8
A2 614.5
201.4
Total  661.2 -16.3
264.7
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C.1
Condition Overall single Trial Data
M3 MY N1 AMP P2 AMP P3 AMP
“143.8 -166.7 -22.4 15. 8 15.5
12.7 135.6 13.0 12.8 1.4
14.1 144.5 12.1 12.2 10.9
-15.6 =-165.7 -21.0 13.8 12.1
14.6 155.7 12.0 12.1 11.3
-16.3  -177.0 -22.2 14. 4 13.3
14.0 146.6 12.4 12.4 11.3
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C.2
Means by Condition for all Females (Single-trial Data)

Cond. RT M3 My N1 AMP P2 AHMP P3 AMP
A1 Mean= 781.3 -15.8 -170.0 Z22.5 15.9 17.6

SD= 240.3 13.5 144 .4 13.4 12.9 1.5

B 663.3 -20.4 -210.0 -23.5 14.7 14.3

275.1 14.7 144.8 12.7 12.5 11.3

A2 623.0 -15.9 -162.9 -21.0 14.5 14.6

261.4 16. 1 165. 6 12.0 12.4 12.1
Total "687.6 -17.3  -180.7 22223 T15.0 15.6

267.8 15.0 153.5 12.7 12.6 11.7
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C.3
Means by Condition for all Males (Single~trial Data)
Cond. RT M3 MY N1 AMP P2 AMP P3 AMP
A1 Mean= 667.0 <-13.0 -160.9 -22.3 15.6 12.0
SD= 236.9 10.9 118.9 12.3 12.6 10.6
B 590.9 -15.8 -180.8 -22.9 1.9 9.0
255. 4 12.7 142.5 11.7 11.6 9.4
A2 600.9 -15.0 -170.1 -21.1 12.8 8.6
261.4 11.9 138.4 12.0 1.5 9.0
Total  617.9  -14.6  -170.9 =22.1 13.4 9.8
253.9 11.9 134.2 12.0 12.0 9.8




Col
Means by Tones Overall sSingle-Trial Data
Tone RT M3 MU N1 AMP PZ AMP P3 AMP
00 Hean= 659.3  -16.6  -184.1 =23.3 14. 8 134
SD= 275.4 13.8 147.2 13.0 13.2 11.5
01 628.0 -14.5 -164.6 -21.3 14.7 12.0
229 .4 12.8 140.1 12.0 11.7 10.5
02 683.1 -16.4 -178.6 -22.9 13.8 13.5
263.9 12.8 142.6 12.4 12.0 12.0
03 636.2 -15.3 -=162.9 -20.7 13.4 11.8
248.0 16. 4 162.5 12.1 11.3 11.7
04 630.8 -15.3 -162.7 -21.0 14,4 14.0
262.8 14.6 153.7 1.4 11.8 1.4
05 694.3 -18.0 -183.5 -20.0 14.5 13.5
262.2 14.0 141.1 11.1 1.1 10.4
06 604.3 -17.3 =-167.1 -18.3 11.0 12.5
239.2 14.5 140.0 1.4 11.5 12.1
Total 661.1  -16.3 -177.1 =22.4 4.4 13. 2

264.7 14.0 146.7 12.5 12. 4 1.4
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- o

Mi=2ans by Tones for all Females {Single-trial Data)

283

Tone RT M3 M4 N1 AMP £2 AMP P3 AMP
00 Mean= 684.1 -17.5  <-189.6  -24.3 15.5 15.9
Sp= 281.2 14.8 153.6 13.5 13.2 11.9
01 663.4 -15.0 —-166.1 -22.1 15.0 13.6
225.4 14.4 148.6 12.3 11.9 10.8
02 696.9 ~-17.8 -187.6 -23.3 13.7 15.8
267.9 14.2 152. 4 13.1 12.3 12.9
03 652.6 -15.8 =-156.0 -21.0 14.9 14.4
258.9 16.4 156.2 11.2 11.9 12.0
04 711.0  -15.5 =152.7 -20.4 15.3 16.3
261.3 15.5 159.4 11.9 12.0 11.6
05 738.9 -20.6  =-200.4 -18.6 15.2 15.4
256.9 15.2 150. 4 10.0 12.3 10.9
06 612.1 -18.9 -168.1 -16.3 11.5 15.0
247.7 15.4 150.7 11.0 1.6 12.2
Total  687.4 =17.3  =181.0 -22.3 15. 0 15.5
267.8 15.0 153.7 12.8 12.6 11.8
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C.6
Mz2ans by Tones for ali Hales (Single-triai Data)
RT M3 M4 N1 AHNMP P2 AMP P3 AMP
"""" an= 621.3 -15.4  =175.6 Z23.0 13.8 10.0
SD= 262.2 12.3 136 .6 12.3 13.2 10.0
01 566.9 -13.8 -162.0 -20.1 14.0 9.5
224.9 9.4 124.9 11.3 11. 4 9.6
b 256. 4 9.6 122.1 11.2 1.4 9.5
03 6055 -14.5 -175.8 -20.2 10.6 6.6
?“‘ 226.2 16-6 17501 13.7 906 9.3
04 626.9 -15.0 -180.4 =22.0 13.0 9.9
258.3 12.8 142.3 10.5 11.4 10.0
05 619.4 -13.6 -155.2 -21.0 13.5 10.6
255.4 10.6 119.3 12.6 8.7 9.0
226.0 12.6 120.8 11.4 11.3 10.9
Total  617.9  <-14.6  =170.9 =22.1 13y 9.8
253.9 11.9 134.2 12.0 12.0 9.8
’
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Appendix D

Within-S Analysis of Variance and Duncan Multiple
Range lest Summary Tabies for Single drial Data.




Table D,
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RT
Source D.Fa. Sum of Kean F Ratio F Prob
Squares Squares
Between Groups 2 120035£.0 60317640 13,77 «000
Within Groups 133 5822832.0 43780.7
Total 135 7029184.0
Mean A1 = 663.3 Signiticant .(p<.05) A Posteriori
Mean B = 551.5 Contrasts: Homogenous Subsets using
Hean AZ = 435.5 Duncan Range Test.
Mean Overall = 550.9 Subset 1:; A1
Subset 2: B
Subset 3: AZ
CNV Amp(Cz) - M3
Source DeF. Sum of Mean F katio F Prob
Squares Squares
Between Groups 2 3385.3 1694.7 11.85 . 000
Within Groups 133 18998, 7 T42.8
Total 135 22384.0
Mean A1 = -10.8 Significant {p<.05) A Posteriori
Mean B = -19.9 Coantrasts: Homogeiious Subs<ts usiag
¥ean A2 = —2l.4 Duncan rany=2 rLest,
fiean Overall = -17.5 Supset 1: B; A2
Subset Z2: A1
CNV INT(Cz) - N4
Source D.F. 5um of Mean F ratio I Prob
Sguares Syuares
Between Groups 2 194419, 0 97209.5 5.71 004
Within Groups 133 £2463064.0 17015.5
Total 135 24574383.0
“ean A1 = ~-167.6 significant {(p<.05) A Posteriori
Mean B = -232.8 Contrasts: Homogehous Subsets using
Mean A2 = -255.7 Duncan kange Test.
Mean Overalli = =-218.0 Supset 1: B; A
Subset 2: A1l
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N1 Amp (Cz)

source D.F. Sum of Mean F Ratio F Prob
squares Syuares
Betweeh Groups 2 900, 1 453,90 2465 .073
Within Groups 133 22745. 6 171.0
Total 135 23651.8
flean A1 = -18.08
fiean B = -25.0
Mean A2 = -23.0
Mean Overali = =-22.2
P2 Amp(Cz)
Source D.F. Sum of Mean F matio F Prob
sguaras Squares
Between Groups 2 2186.1 1094,1 7.19 . 001
Within Groups 133 20243.9 152.2
Total 135 22432.0
Mean A1 = 27.8 Significant (p<.05) A Posteriori
Mean B = 22.0 Contrasts: Homogenous Subsets using
Hean A2 = 18.2 Dancan Range Test.
Mean Overall = Z2.7 Subset 1: A1

Subset 2: B; A2

P3 Amp(Cz)
Source D.Fa Sum of Mean F matio £ Probo
Squares Sguares
Between Groups 2 < 295 3.4 1476.7 13.06 . 000
Within Groups 133 14924 .3 113.1
Total 135 17877.3
Mean A1 = 16.2 Significant (p<.05} 4 Posteriori
Mean B = 7.7 Countrasts: Homogenous Subsets usiug
Mean AZ2 = 5.5 Duncan Range TI=2st.
Mean Overall = Y.9 Subset 1: A1

Subset 2: B; AZ




TablevD.Z

Oneway Analysis of Variance For Conditions For DC3

RT
Source D.F. sum of iiean F gatic F Prou
Squares Sgquares

Between Groups 2 1607504, 0 50375240 7.36 =001

wWithin Groups 32 0291904, 0 6639043

Total 94 72994084 0
tiean 41 = 787.1 Signiticant {p<.U5) A Posteriori

p Mean B = 5£9.3 Contrasts: Homogenous Subsets using

fiean A<z = 595.4 Duncan kKange Test.
Mean Overall = 629.7 Subset 1: B; AZ

Subset 2: A1l

CNV Amp (Cz) - M3

! Source D.F. Sum of Mean F Ratio F Proo
| Squares Squares
Between Groups 2 69.7 4.y - 86 L4228

| Within Groups 92 3713.1 40.4
' Total o4 3782.8

Mean A1 = -9.3

Mean 3 = -11.6

fHean AZ = -10.3

Mean Overall = =-10.4

CNV INT(Cz) - H4

source D.F. sum of Mean F xatio F Prob
Squares sgquares
Between Groups 2 7779. ¢ 386Y.6 .75 - 481
Within Groups 92 478962.5 5200.1
Total 94 486741.7
Fean A1 = -80.0
filean B = -84.78
Mean AZ = —-6id.4

lean QOverail = -75.1




N1 Amp{Cz)

Source D.F.

Between Groups 2

Within Groups 39

Total 91
Mean al = =-10.0
Mean 3 = =-8.7
Mean 42 = -8.3
flean Overalli = -8.9

P2 Amp{(Cz)

Source D.F.

Betwezn Groups 2

Within Groups 89
Total 91
Mesan A1 = 10.06
Mean B = 10.06
Mean A2 = 9.2
Mean Overall = 10.0
P3 Amp{Cz)
Source DaFo
BetWween Groups 2
Within Groups 82
Total 34
Mean A1 = 8.5
flean B = 8.8
Mean 42 = 10.1
Mean Overall = 9.2

Sum of
Squares

47.b6
3057.4
3104.7

Sum of
Squares

G44.4
3514.5
3558.9

5um of
Squares

Gl.2
3188.8
3231.0

Mean
Squares

23.8
Jq.q

lieaun

Squares
22.2
39.5

Mean
Sguares

21.1
38.9

F katio

.69

I Katio

.54
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F Prob

.508

F Prob

«577

F Prob

.589
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Table D.3

Oneway Analysis of Variance For Conditions Ffor DC4

RT
;Surce DVate
Between Groups 2
Within Groups 99
Total 101
) Mean A1 = 781.7
Mean B = 0638.5
Mean AZ = T85.5
Mean Overalli = 731.2
CNV Anmnp(Cz) - 43
Source D.F.
Between Groups 2
Within Groups 99
Total 101
Mean A1 = -1b.2
Mean A2 = =-15.86
Mean Overall = ~16.5
CNV INT (Cz) - M4
Source - D.Fe.
Between Groups 2
Within Groups 99
Total 101
Mean a1 = -151.7
Mean B = =220.7
Mean Al = -2Z0U8.9
Mean Overall = -198.56

sum of riean F kKatio F Proob
squares Sguares

498864, 0 24943240 0. 40 . 003
3857472.0 3890U..4

4356336.0

Signiticant {p<.U5) A Posteriori

Contrasts:

Duncan Raunge Test.
Subset: B
Subset 2: B

Sum of lM=aun F Ratio F Proo
squares Squares

72.5 36.3 «21 . 815
17498.8 176.8
17571.3
Sum of Mean F Ratio F Prou
Squares Squares

79530.0 33765.0 1.73 . 181
2279689.0 23027.2
2359219.0

Homogenous Subsets using



N1 Amp (Cz)

source DaeFa
Between Groups 2
Within Groups 99
Total 101
Mean a1 = -24,8
Mean B = -47.5
Mean A2 = =-22.9
dean Overall = -25.0
P2 Amp{Cz)
Source D.F.
Between Groups 2
Within Groups 39
Total 101
Mean A1 = 23.3
Mean B = 16.5
Mean A2 = 21.0
Mean Overall = 20.0
P3 Anmp (Cz)
Source D.F.
Between Groups 2
Within Groups 92
Totail 94
Mean A1 = 20.5
fiean B = 13.8
Mean A2 = 8.9
Mean Overall = 13.9

sum ot
squares

393.3
11684.0
120778

Sum of
Squares

786.7
12637.1
13u423.9

Sum of
sguares

1969.0
9714.0
11682.9

Significant (p<.05)
Contrastss:

Kean ¥ ratio
Squares
196. 06 1.67
118. 0
Mean I matio
Squares
393.4 3.08
127.6
lean ¥ katio
Squares
984.5 J.32
105.6

Duncan Range I=z2st.
Subset 1: B; AZ
Subset 21 A1l
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F Proo

192

F Prob

< 049

&£ Prob

. 000

A Postariori
Homogencus Subsets using
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Tavle D.4
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Oneway analysis of Variance For Conditions For DC5

RT
ggurce UeF.
BetWween Groups 2
Within Groups 93
Total 95
M=2an A1 = 792.3
Mean 3 = 663.5
Mean A2 = 632.7
Mean Overail = 696.5
CNV Amp(Cz) - K3
Source D.F.
Between Groups 2
Within Groups 93
Total 95
ean A1 = =-20.5
Mean B = -23.7
Mean A2 = -25.8
Mean Overall = -23.3
JCNV INT(Cz) - M&4
Source D.F.
|Betwaen Groups 2
l¥ithin Groups 93
Total 95
Mean A1 = -260.4
Mean B = =-270.8
Mean a2l = =-297.8
Mean Overali = =-276.1

Suim of dean F gatio F Proo
Squares Sguares
455920,0 22796040 4.52 .013
46B8148.0 50410.0
5144048, U
Significant {p<.05) A Posteriori
Contrasts: Homoyenous Subsets using
bDuncan Range Test.
Subset 1: B; AZ
Subset 2: Al
Sum of Mean ¥ Hatio F Proo
Sguares Squares
455.1 22745 1.05 «350
20107.5 216.9
20062240
Sum of Mean F Ratio F Proc
Squares squares
£3385.0 11b92.5 - 40 « D74
2691706.0 2894301
2715091, 0
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N1 Amp(Cz)
565155——-— Uela sum of MNean F matio F Prob
Squares Sguares
Between Groups Z 154, 2 77.1 .03 . 540
Within Groups 93 11382.3 122.4
Total 35 11536.5
Mean Al = -.28.7
Mean 8 = -:5.9
Mean A2 = -28.4
) Meaun Overall = -27.6
P2 Amp{Cz)
Source Va.F. Sum of Hean F Ratio F Prob
Sguares sSquares
Between Groups 2 1039.8 519.9 4,46 .04
Within srougps 93 10839.5 116.6
Total 95 11879.3
Mean Al = 18.8
Mean B = 10.8
Mean A2 = 14.5
Mean Overall = 14.7
P3 Amp (Cz)
ESH;EE-_—_ VaFa Sum of Mzaa F ratio F Prop
Squares Squares
Between Groups 2 273.0 136.5 1.b5 . 199
Withiu Groups 65 5388.7 82.9
Total o7 5661.8
Mean A1 = -.9
Mean B = =-.2
Mean AZ = 3.6
Mean Overall =.9




Tabie L.5
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Oneway Analysis of Variance For (onditions For DC6

KT
gaurce Delw
Between GLOUpS 2
Within Groups 124
Totail 126
Mean A1 = 570.4
ean B = 609.7
Mean AZ = 504.3
Mean Qverall = 561.0
CNV Amp({Cz) - k3
Source D.F.
Between Groups <
Within Groups 124
Total 120
Mean Al = -0.3
Mean B8 = -11.3
Fean Ad = -9.2
fean Overall = -9.2
CNV INT (Cz) - M4
Source B DeaFo
Between Groups 2
Within Groups 124
Tctal 120
Mean A1 = -109.2
Mean B = -1865.1
Mean A = -120.06
Mean Qverail = -122.6

sum ot
Sgquares

£56816.0
8313370.0
8570192.0

Sum of
Syuares

513.8
10804. 4
11378.2

sSum of
Squares

13846. 0
1261184, 0
1275040. 0

fean F Rratio
Squares
128408.0 1.92
p7043.3
tean F mxatio
Sgquares

256.9 2.93

87.06

fiean F matio
squares

©923.0U . 681
10170.3

Prob

r

. 149

F Proo

. 056

¥ Prob

.513
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N1 Amp (C2)

e e A e . e i e e e

source veFa sum of Yean F Katio F Prob
Squares Squares
Betwa2n Groups 2 1103.0 551.5 7.68 .001
Witnin Groups 124 8905.1 71.8
Total 126 10000841
Mean A1 = -26.9 Significant {p<.05) A Posteriori
Mezan B = -26.3 Contrasts: Homogenous Subsets using
Mean A2 = -20.4 Duncan Range Test.
Mean Overall = ~24.4 Subset 1: Al; B
Subset Z: A2
P2 Amp{Cz)
Source DeFa Sumd of Hean ¥ katio F Prop
sSguares Squares
Betwesn GLOUpS 2 51.4 25.7 247 .632
Within Groups 12u 0797.5 S4.3
Total 126 68439.0
Mean A1 = 1.3
fean 8 = 1.7
Mean Az = 2.8
riean Overall = 2.0
P3 Amp (Cz)
Source D.F. Sum of iiean ¥ ratio F Prob
Squares Squares
Betw=en Groups 2 112.5 50.3 1.58 . 214
Within Grougs 100 3006.9 36.1
Total 101 3715.4
#ean A1 = B.9
Mean B = 6.0
Mesan A2 = 6.7
tiean Overall = 7.3
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Tabie Db

Oneway Analyslis of Variance For Conditioas For DC7

RT
Source D.F. Sum of flean F katio F Prob
Squares Squares
Between Groups 2 295968.,0 147984.v 1.93 « 147
) Within Groups 129 989343038.0 76693.1
" Total 131 101689376.0
Mean A1 = 581.1
Mean B = 524.7
Mean A2 = 640.7
dean Overall = 582.2
CNV Amp(Cz) - M3
Source - D.F. sSum ot Yean r katio F Proo
e S4quares squares
5 Between Groups 2 3.0 11.9 - 14 .870
: Within Groups 129 11321.1 7.8
Total 131 11345,0
Mean A1 = ~-13.6
Mean 3 = -1Z.6
Mean Az = -13.3
Mean Ovarall = -13.2
CNV INT(Cz) - M
§8§EES~-—__—__——D.F. Sum of fiean F ratio F Prowu
Squares Squares
Between Groups 2 1978.0 989.0 .12 . 882
Within Groups 129 1062065. 0 8233.1
Total 131 1004043, 0
Mean A1 = -149.3
dean B = -140.2
Mean AZ = -142.6

¥ean Qverall = ~144,.90




N1 Amp {Cz)
Source D.F. Sum of
sSquares
Between Groups 2 28.9
Within Groups 125 10264.0
Total 127 10293.5
Mean A1 = -17.0
Mean B = -1B.o®
Mean A2 = =17.6
Mean Qverall = -17.9
P2 Anp{Cz)
Source D.F. Sum of
Squares
Between Groups 2 26.3
Within Groups 120 7393.0
Total 122 7419 .9
Mean A1 = 1d.5
Mean B = 13.4
Mean A2 = 14.1
Mean Overall = 14,0
P3 Anmp (Cz)
Source Dl.F. Sum of
Squares
Bet¥een Groups 2 b.l
Within Groups 118 7835.4
Total 120 Jo41.4
Mean A1 = 13.8
Mean B = 13.9
Mean Az = 13.3

Mean Overall = 13.7

Aean F Ratic
Syuares
T14. 4 .18
B2.1
fean F katio
Squares
13.1 « 21
61.0
Mean ¥ ratio
Sguares
3.0 .05
Db 4
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F Prob

.838

F Proo

. 809

F Prob
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Table D.7

Oneway Analysis of Variance For Couditions For DC8

RT
Source D.F. Sum of Mean F Ratio F Prow
Squares Squares
Between Groups 2 94800. 0 47400.0 .91 <410
Within Groups 108 5050400.0 52318.5
Total 110 5745200.0
Mean A1 = 5d4.0b
: Mean B = 629.2
"'] Mean AZ = 655.8
! ¥2an Overail = 625.4
CNV Amp(Cz) - M3
Source D.Fa Sum of kean r Eatio F Prob
Squares Sguares
Between Groups 2 54641 273.1 2.60 077
Within Groups 108 11337.0 105.0
Total 110 11868341
fean A1 = -16.0
Mean B = -14.5
Mean 42 = -10.8
¥ean Ovsrall = -13.86
CNV INT (Cz) - nb
Source DaF. Sum of Mean F ratio F Prob
squares Sgquares
Betwsen Groups 2 11d4080.0 57340.0 5.18 «UU7
Within Groups 108 1195284. 0 11067.4
Total 116 1309964.0
=2an A1 = -199.1 3ignificant (p<.05) A Posteriori
ean B = -180.0 Contrasts: Homogeunous Subsets using
M=an A2 = -124.8 Duncan Range Teast.
Hean Overall = -105.6 Subset 1: Al1; B

Subset 23 AZ




299

N1 Amp(Cz)

i Source D.F. Sum of dean F ratio F Probp
; Sguares sguares
BetWe2n Groups 2 395.3 197.0 1. 26 .280
Within Groups 108 1688644 156. 4
Total 110 17281 .4
) ¥ean A1 = -30.2
‘ Mean B = -25.0
' Mean Az = —-26.8
Mean Overall = -27.4

P2 Amp (Cz)

source L.F. Sum of HMean F BRatio F Prob
squares sSyquares
Between Groups 2 30.7 43.3 .38 <083
Within Groups 108 1241107 113.1
Total 110 12298.4
Yean A1 = 10.1
Mean B = 8.0
Mean AZ = 10.7
Mean Overall = 9.8
P3 Amp{Cz)
Source DaFa Sum of Mean F gatio F Prob
sguares Sguares
Between Groups 2 55.4 271.7 . 34 «719
Within Groups 95 7799.1 82.1
Total 97 7854 .5
Mean A1 = 11,1
Mean B = 9.2
Mean A2 = 10.3
Mean Overall = 10.2



Table D.3
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Oneway Araiysis of Variance For Conditions For DCY

RT
§5u“ce DeFo
Betwean Groups Z
Within Groups 109
Total 111

Mean A1 = 721.2

Mean B = 673.5

Mean AZ2 = bo6l1.0

Mean Overall = o084.06
CNV 4dmp(Cz) - M3
gource - D.F.
Between Groups 2
Witnin Groups 109
Total 111

Hean A1 = -11.4

Mean B = ~13.8

Mean A2 = -14.5

Megan Overall = -13.3
CNV INT(Cz) - M4
Source D.Fe.
Betwean Groups 2
Within Groups 109
Total 111

dcan Al = =-122.3

Mean 83 = -158.4

Mean A2 = —-164.9

Mean Overall = =-148.

g

sum of
squares

Too44. U
5074288.0
5150832.0

sum of
squares

205.9
120738.1
12884.0

Sum of
S§uares

3992040
17071390
1807065.0

dean 1

Syuares

38£72.0
46553.1

Mean r

Sguares

102.9
116.3

liean I

Squares

19963.4U
16212.3

fdatio

<82

Katio

.08

gatio

1.23

F Proo

<44

F Prob

413

I Probp



N1 Amp {Cz)
Source D.F.
Between Groups 2
Wwithin Groups 98
Total 100
Mean A1 = -14.3
Mean B = -14.4
Mean A2 = -15.0
#Mean Overall = -14,0
P2 Amp (Cz)
Source D.F.
Between Groups 2
Within Groups 96
Total 938
Mean A1 = 13.7
Mean B = 11.3
Mean A2 = 9.1
Mean Overall = 11.3
P3 Amp(Cz)
Source D.F.
Betwean Groups 2
Within Groups 80
Total 82
Hean A1 = 14,1
Mean B = 10.7

bean A2 = 10.38

Mean Overall = 12.0

Sum of
Squares

9.7
5699.0
5708.7

Sum of
sSyuares

375.9
6127.0
6502.9

sum of
Squares

2220
47278
4945.8

M=an
Squares

<

4
58. y

32

Mean
Squares

184.Y9

mean
Sguares

111

.U
59.1

F wratio

.0

F xatio

2495

301

F Prow

9312

F Proobo

.U58

I Prowu

- 157
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Table D.9

Onaway Analysls of Variance For Conditions For DC11

KT
Source D.F. Sum of Mean I ratio F Proo
squares Squares
Between Groups 2 243424, 0 121712.0 1.84 . 160
Within Groups 135 5905800.0 65991, 1
Total 137 9152224.0
/ M2an A1 = 710.7
Mean B = 0606.8
Mean AZ = 650.4
Mean (Overali = ©52.5
CNV Auwp{(Cz) - M3
Source D.F. Sum of Mean ¥ gatio F Prob
Squares Sguares
Between Groups 2 1519.3 159.0 5.01 . 008
Within Groups 135 20470.6 151.6
Total 137 21989.9
Mean A1 = -15.9
Mean B = -13.4
Mean A2 = -11.5
Mean Overall = -15.b
CNV INT(Cz) - M4
Source D.F. Sum of Mean I ratio ¥ Prob
Squares Sguares
Betweesn Groups 2 164311.0 ©82155.5 5.38 . 006
Within Groups 135 2059862.0 15258.2
Total 137 4224117340
Mean A1 = -175.4 Significant (p<.0>) A Posteriori
bean 83 = -227.0 Contrasts: HoWOgenous Subsets using
Hean A2 = -146.4 Duncan range Test.

Mean Overall = -184.4 subset 1: B
- Subset 2: Al; A2
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N1 Amp(Cz)
Source DoF. Sum of Mean F xatio F Proo
sguares sSquares
petwesn Groups P 135.9 397.3 <. 68 <070
within Groups 134 19388>5.9 Te8. 4
Total 136 20081.8
Mean A1 = -27.0
Mean B = =-30.0
Mean A2 = -24.3
fican Overadl = =-27.2
P2 Amp{C.)
Source Defa Sum of Miean F Ratio F Prob
squares squares
Between Groups P 3.9 2.0 .02 . 971
Within Groups 125 14012.1 112.1
Total 127 14016.0
Mean A1 = 15.2
Mean B = 14.9
Mean AZ2 = 15.3
Mean Overail = 15.1
P3 Amp(Cz)
Source D.F. Sum of iean F satio F Prob
Squares sSquares
Between Groups 2 1120.06 560.3 4.b5 <011
Within Groups 112 13492.0 120.5
Total 114 14012.7
Mean A1 = 20.6 Signitficant (p<.05) A Posteriori
Nean B3 = 13,5 Contrasts: Homogyenous Subsets using
Mean AZ = 19,3 Duncan Range T=ast.
¥ean Overalli = 17.5 Subset 1: B

Subset Z: Al; Az
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Table D.10
Oneway Analysis ot Variance For Conditious For DC12
kT
Source D.F. Sum of Mean ¥ matio F Prob
Sguares Squares
Between Groups 2 17664.0 883244 « 14 . 870
Within Groups 67 43585060.0 65053.1
5 Total 649 4376224.0
Mean A1 = 624.6
Mean B = 608.1
Mean A2 = 585.4
M=2an Overall = 608.0
CNV Amp{Cz) - M3
Sourcea - C.F. Sum of Mean F katio F Prob
Sygyuarseas Syuares
Between Groups 2 360.3 183.2 2.61 . 079
Within Groups 67 4Uo90.0 70.1
Total 69 5062.9
Mean A1 = -10.0
Y2an B = -8.9
flean A2 = -4.5
Mean Overall = -8.0
CNV INT (Cz) - M4
Source D.F. Sum of Mean F katio ¥ Prob
Squares Squares
Between Groups 2 14381.0 7190.5 .30V » 455
Within Groups o7 599223.06 85943 .46
Total 09 613b04.06
d2an A1 = -80.3
M2an 83 = -75.6
M2an A2 = -46.7

Mean Overali = -69.1



N1 Amp{(Cz)
Sourc= D.F. sum of
sSguarsas
Betwe=n Groups 2 545, 3
Within Groups 65 6785,7
Total o7 7311.0
dean a1 = -18.7
Mean B = =25.2
Mean A2 = -21.1
Mean Overall = -Z21.5
P2 Amp(C2)
Source D.F. sum of
sguares
Between Groups 2 149,38
Within Groups 05 12271.0
Total o7 12420.8
Mean A1 = 14,2
Mean B = 13.3
Mean A2 = 13.3
Mean Overall = 13.06
P3 Amp (Cz)
Source D.F. sum of
sguares
Between Groups 2 4bla.o
Within Groups b 70065.6
Total 66 7528.3
Mean A1 = 24.8
Mean B = 19.5
M=zan A2 = 19.3
fean Overall = 21.6

mean F ratio
squares
104.4
fean F Ratio
squares
74,9 40
188.8
Mean F xatio
Sguares
231.3 2410
110. 4

305

F Prob

. 087

F Proo

.679

]

i Prob

. 149
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Tabie D.11

Oneway Anaiysis oif Variance For Conditions For DC13

RT
gaurce DeF.
Between Groups 2
Within Groups 138
Total 140

Mean A1 = T85.0

fiean o = 672.3

Kean A< = 673.4

Mean Overall = 7T1£.0

CNV Anp (Cz) - #3

Source D.F.
Betwean Groups 2
Within Groups 138
Total 140

Mean A1 = -12.1

Mean B = -17.1

Mean A2 = ~T7.1

Mean Overall = =-1c.0

CNV INT(Cz) - HNb&

Source U.F.
Between Groups 2
Within Groups 138
Total 140

fiean A1 = -210.7

Mean B = -425.1

Mean Az = =-94.3

-178.8

¥=2an Overall =

sum of fean F Katio I Prowu
Sguares Sguares

4U0112. 0 20U3050..0 3.14 . 045
8913008.0 o4587.0

9319120.0

Significant (p<.U5) A Posteriori
Contrasts: HomogeLous Subsets usiny

buncan fange Test.
Subset 1: A1l
Subset Z: B; AZ

Sum of Hean F natio F Prob
squares Sguares
2301.3 1150.06 0.48 - 002
Z44956.0 177.5
26799.5
Sum of fean F katio F Proo
Squares sSquares
b98.87.0 249143.>0 13.75 . 000
25000668.0 18122.2
2999155, 0
Significant (p<.05) A4 Posteriora
Contrasts: Homogenous Subsets using
Duncan rRange Test,

Subset 1: A41; B
Subset Z: AZ
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N1 Amp {Cz)

Source DefFo
BetWween Groups Z
wWithin Groups 132
Total 134
Mean A1 = =-22.9
Mean B = -24.4
Mean A2 = -23.4
Mean Overall = =-23.5
P2 Amp(Cz)
Souarce D.F.
Between Groups 2
Within Groups 128
Total 130
Mean A1 = 14,0
Mean B = 1b.38
¥zan A2 = 1b.5
Mean Ovsrali = 15.7
P3 Amp (Cz)
Ssource UoF.
Between Groups 2
Within Groups 108
Total 110
Mean a1 = 13.1
Mean B3 = 12.2
Mean AZ = 14.3
Mean Overail = 13,2

Sum of
Squares

58. o
23853.1
23911.7

Sum of
Squares

200.1
£2892.4
23098.6

Sum oL
squares

77.3
15061.8
15139.0

riean F Ratio
sSquares
9.3 - 16
180.7
fiean f Ratio
Squares
103.1 .58
178.8
Mean F kratio
S5quares
38.6 .28
135.5
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F Prob

F Prob

«564Y

r Prob

«71b2



On=way Analysis of

KT
gaurce DaF.
Between Groups 2
Within Groups 114
Total 116

Mean A1 = 773.8

Mean 8 = 607.9

Mean A2 = 527.8

flean Overall = bz2.0
CNV Amp(Cz) - M3
Source D.F.
Between Groups 2
Within Groups 114
Total 110

ifean A1 = -19.3

Mean B = =-35.6

Mean A2 = -37.9

dean Overall = =-31.3
CNV INT(Cz) - Hi
Source D.F.
Between sroups 2
Within Groups 114
Total 116

Mean A1 = -206.5

flean B = -330.9

Mean A2 = -374.9

Mean ~306.2

Overaii =

3038

Table D.1&

variance for Conditioas For DC14

sSum of dean F Ratio F Prcb
Squares Sgquares

778528.0 389264.0 5.01 .008
88500064.0 77684 .8

9634592.0

Sigynificant {p<.05) A Posteriori
Contrasts: domogenous Subsets using
Duncan xange Test.

Supset 1: Al

Subset Z: B; AZ

Bean f matio P Probp

sSguares

Sum of
Squares

1503.3
16861.7
244845 ,0

significant (p<.03) A Posteriori
Contrasts: HoOmoOgenous Subsets usiug
Duncan kKange Test.

3781.7
148.1

25454 -000

supset 1: Al
Subset 2: B; A2
Suwm of dean ¥ katio F Prowo
Squares Squares
555197.0 277598.5 14,9V » 000
21Z4084.0 18637.06
2079881.0
Siynificant (p<.05) A Posteriori
Contrasts: Homoyenous Supsets Using

puncan Range T=st.
subset 1: Al

Subset 2: Db; A2



N1 amp (C2)

Betwezn Groups

2
Within Groups 114
Total 116
Mean A1 = =-11.8
Mean 8 = -14.4
Bean AZ = -13.4
Mean Overall = -13
P2 Amp (Cz)
Source DeaFe
Between Groups 2
Within Groups 111
Total 113
Mean 41 = 11.3
dean B = b.1
Mean A2 = obel

Mean Overall = 7.7

P3 Amp (Cz)

et e e . e e i, o

source D.Fa
Between Groups 2
Within Groups 88
Total 50
fiean A1 = 10.0
Mean 8 = 3.8
Mean A2 = 2.8
Mean Overall = 5.0
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Sum c¢f Mean F gatio F Prob
Squares Syuares
143.0 71.3 «95 «391
8594.5 75. 4
8738.1
Sum ot Mean ¥ matio F Prob
Squares Syuares
obD .Y 333.5 4.04 L.012
7962 .7 T71.9
Bo49.6

signiricant (p<.U5) A Posteriori
Contrasts: Homcgenous Subsets using
Duncan Range Test.

Subset 1: Al

Subset 2: 3B; Al

Sum of Mean F natio I Proo
sSqyuares sSyuares

10z26.7 513.3 5.689 . 000
466240 53.0

S5088.7

signiricant (p<.05) A Posteriori
Contrasts: Homogenous Subsets using
Duncan Kanye Test.

Supset 1: Al

Subset Z2: D; AZ
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Table D.13
Oneway Analysils of Variance For Conditious For DC15
KT
Source Data Sum of tiean ¥ ratio F Proo
Squares Sguares
Between Groups 2 1172348, 0 58042440 J.55 . 000
Within Groups 135 2254304, 0 68550, 4
Total 137 10420752.0
, ¥ean A1 = 755.3 Significant (p<.05) A Posteriori
/ fean 3 = 55b,0 Contrasts: Homogenous Subsets using
M2an A2 = 554.3 Duncan kange Test,
Mean Overail = 615.9 Subset 1: A1
Subset Z: B, A2
: CNV Amp (Cz) - M3
d source T D.F. Sum of Mean £ RrRatio F Prob
sSguar=s Sguares
F Betwean Groups 2 87.1 43.6 .15 .858
' Within Groups 135 39108.2 289.7
Total 137 359195.4
Mean B = -1lb.Hd
Mean A2 = -16.4
Mean Overall = -15.9
1 CNV INT (Cz) - M4
[ Source DaFa Sum of fiean F matio ¥ Prob
: Sguares Squares
. Between Groups 2 B2428.0 21212.0 .74 . 483
Witnin Groups 135 3870403.0 28669.0
Total 137 3912827.0
Mean 41 = -134.1
Mean B3 = -177.8
Mean Ac = -157.1

Mean Overali = =-157.2




N1 Amp{Cz)

Sourcse D.F.
Between Groups 2
Within Groups 133
Total 135

Mean A1 = -28.9

Mean B = -34.0

Mean A2 = -29.4

Mean Overall = -30.98
P2 Amp{Cz)
Source D.F.

BetwWween Groups 2

Within Groups 132

Total 134
Mean A1 = 11.4
M2an B = 9.2
Mean A2 = 7.4
Mean Overall = 9.3

P3 Amp (Cz)

Source D.F.

Between Groups 2

Within Groups 108

Total 110
M=an A1 17
Mean B L
Mean A2 = 1
dean Overal

Sum of
Sguares

731.3
24183.0
24915.1

sum ot
sSguares

352.4
20339.2
<0bY1.3

Sum of
Sguares

1345944
1446643

Mean F Ratio
Squares
365.7 2401
151.8
hean F Ratio
sguares
176. 1 1. 14
154.1
dean F katio
Squares
403.4 3. 24
124.06

311

F Proo

- 136

F Prob

« 323

¥ Prob

. 042
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Table D.14

Oneway Analysis of Variance For Conditions For DC1le

RT
§5urce UeFo,
Between Groups 2
Within Groups 117
Total 119
Mean AT = 702.9
Mean B = 604.0
Mean A2 = 589.7
fiean Ovs=rall = b33.
CNV Amp (Cz) - M3
Source D.F.

Between Groups 2

Within Groups 117
Total 119
Mean A1 = =-22.2
Mean 3 = ~27.1
Mean Al = -27.2

Mean Ovarali = -25,.
CNV INT{(Cz) - M4
Source D.F.
Between sroups 2
Within Groups 117
Total 119

Mean A1 = -214.2

Mean B = =-Z45.2

Mean AZ = -Z33.8

Mean

Sum of
Squares

305088.0
8714144, 0
5019234.0

4

Sum of
Squares

653. 4
24796. 4
25449.8

4

Sum of
Squares

20324.0
1915018. 0
1935412.0

Overali = =-231.1

Mean F gatio F Prop
Squares

152544, 0 2,05 . 131
74479.8

Mean ¥ Ratio F prob
Squares

32647 1.54 . 217

211.9
Mean F ratio F Prob
Syuares

10197 .9 .62 « 9543
16367.7



N1 Amp (CzZ)

Mean A2 = 13..2
Mean Overall = 15.8

Source D.F. Sum of Mean ¥ Ratio F Prob
Squares Sguares
Betwesn Grocups Z 1310.6 ©55.3 4.36 015
within sroups 113 16974.5 150. 2
Total 115 18285.1
Mean A1 = =-.9.3 Siguiricant {p<.053) A Posteriori
i Mean B = —-23.4 Contrasts: Homogenous Subsets using
Mean Az = —-21.4 bancan Range Test.
) Mean QOverall = -24.38 Subset 1: A1l
Subset «4: B; A2
P2 Amp (Cz)
Source D.F. sum of Mean ¥ Ratio F Prob
Squares Squares
Between Groups 2 113.1 56.5 «45 «OUD
Within Groups 111 140324 126.4
Total 110 14145. 4
Mean A1 = 14.9
Mean B = 17.1
Mean A2 = 15.2
Mean Overali = 15.7
P3 Amp{Cz)
Source D.F. sum of Mean F Ratio F Proob
Syuares Sguares
Between Groups 2 395.06 197.8 <. 16 . 118
Within Groups 97 B871.8 $1.5
Total 99 5267 .4
Mean A1 = 18.1
Mean 3 = 15.7



Table D.15
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Oneway Anaiysis of Variance For Conditions For DC18

KT

ggurce bD.F.

Betwean Groups 2

Within Groups 129

Total 131
M=2an A1 = 1000.0
Mean B = 787.5
Mean A2 = b07.5
Mean Overail = 792.9

CNV Amp{Cz) - N3

sSource D.F.

pBetween Groups 2

Within Groups 129
Total 131

Mean Al = -18.0

fiean B = ~Z22.8

hean A2 = —-1b.Y

Mean Overaii = -19.0
CNV INT(Cz) - K4
sSource DeFe
Between Groups 2
Within Groups 129
Total 131

fiean Al = -189.2

Mean B = -240.0

Mean 42 = -157.7

iean -193.2

Overaii =

Sum of Mean F ratio
Sqguares Squares

3537530.0 1768708.0 47.70
478331240 37079.9
8320848.0

Significant .(p<.05)

contrasts:
Duncan granye Teést,
Subset 1: Al
Subset 2: B
Subset 3: A2

Sum of Hean F Ratio
squares Squares

833.8 416.5 1.76
306440 237.4
31455,3
Sum of Mean F katio
sguares Sguares

148805. 0 74402.5 2448
3870175, 0 30001.4
4018980.0

I Prob

.000

A Posteriori
Homogencus Subsets using

F Probo

- 175
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N1 Amp{Cz)
Source D.F. Sum of Mean ¥ Ratio F Prow
Sgquares squares
Between Groups 2 763.1 361.6 i.29 <104
Within Groups 117 19531.3 166.9
Total 119 20294.4
Mean A1 = -Z4.0b
Mean B = -22.0
Mean A2 = -18.0
Kean Overall = -21.8
P2 amp(C2)
Source DeFe sum of fean ¥ katic F Probo
Squares Sgquares
Between Groups 2 1.6 3.9 .03 . 959
Within Groups 116 15587. 3 134.4
Total 118 15595.1
Mean 41 = 10.9
Mean o = 1b.5
Mean AZ = 17.1
Mean Overall = 16.9
P3 Amp (Cz)
Source D.F. Sum of Mean F katio F Prob
Squares 5quares
Between Groups 2 370.1 185, 0 1.21 »302
Within Groups 1063 15755.9 153.0
Total 105 16120.0
tican A1 = 24.2
Mean B = 23.3
Mean AZ = 18.Y

#ean Overall = 21.2




Table D.1b
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Oneway Analysis of Variance For Conditions For DC19

RT

Source DeFa

BetWeen Groups Z

Witain Groups 127

Total 129
Mean A1 = bol.5
Mean B = 626.1
Mean A2 = 587.0

fean Overall = 621.7

CNV Anp(Cz) - M3

Sourcs= D.F.
Between Groups Z
Within Groups 127
Total 129

Mean A1 = -13.5

Mean B = -15.4

Mean A2 = =-9.0

Mean Ovaralil = -12.6

CNV INT(Cz) - M4

Source De.Fe
BetwWween Groups 2
Within Groups 127
Total 129
Mean A1 = -107.8
Mean B = -137.8
Mean A2 = -100.0

Mean Overall = -114.8

sSum of
Sguares

118272.0
9080490, 0
9198768.0

Sum of
Squares

Bl14.8
21639.9
22754,

Sum of
Squares

3396.0
2489656, 0
2523592.0

tlean
Squares

58136.0
71499.9

Mean
Squares

407 . 4
172.8

flean
Sguares

16968.0
19603.06

F katio

F ratio

2a30

F katio

.87

F Prob

o443

F Probo

. 097

¥ Propo

L4226



N1 Amp{(Cz)
Source UeFa
Between Groups 2
Within Groups 120
Total 122
Mean Al = -13.8
Mean AZ = -18.4
Mean Ovzarall = -18.1
P2 Amp (Cz)
source D.F.
Between Groups 2
Within Groups 119
Total 121
Mean A1 = 28.2
Mean B = 21.0
Mean A2 = 20.4
Hean Overali = 23.0
P3 Amp (Cz)
source U.F.
Between Groups 2
Within Groups 109
Totai 111
Mean A1 = 22.1
Mean B = 21.6
Mean A2 = 19.9
tiean Ovsrail = 21.1
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Sum of ilean I BRatjo F Prop
Sguares sguares

712.0 36.0 .30 - 749
14600.0 122. 2

1473240
Sum of Miean F ratio F Probp
Squares Squares

T481.0 J40.8 5.24 < QU7
16823.4 1471.4

18305.0

Significant (p<.05) A Posteriori
Contrasts: Homogenous Subsets using
Duncan Ranyge Test.

Subset 1: A1

Subset Z: B; A2

sum of Mean F katio F Prop
Squares Syuares

105. 4 5247 .50 .614
11494,9 105.5
11600.3



Table De17
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Oneway Analysis of variance For Conditions For DC20

e e

gy
§5urce UVelFa
Betwean Groups 2
Within Groups 112
Total 114

Mean A1 = 868.9

Mean B = 798.8

Mean A2 = 5pB.b

Mean Overall = 734.1
CNV Amp (Cz) - 3
gSErce DeFa
BetWween Groups 2
Within Groups 112
Total 114

ean a1 = -40.1

Mean 3 = =-Z20.2

Mean Overall = -19.2
CNV INT({Cz) - M4
ggurce - Da.Fe
Between Groups 2
Within Groups 112
Total 114

Mean a1 = -177.9

Mean B = =-170.9

Mean A2 = -155.0

Mean Overall = -167.3

Sum of tiean F katio F Prob
Squares Squares

1968480.0 984240.0 18.22 » 000
604926440 54011..3

8017744.0

Signiricant (p<.05)
Contrasts:
Duncan kange Test.

A Posteriori

Homogenous Subsets using

Subset 1: A41; B
Subset 2: A2
Sum of Mean F watio F Proo
Sjuares Sguares
191. ¢ 95.b Y 501
20538.0 183.4
20729.2
Sum of mHean F katio F Prob
Squares squarses
10325.0 5162.5 e25 .780
2286472.0 208414.9
2296797.0



N1 Amp({(Cz)
Source D.F.
Between Groups 2
Within Groups 114
Total 114

Mean A1 = -23.9

Mean 3 = -27.2

Mean A2 = -19.90

ean Ovarail = -23.3
P2 Amp{Cz)

Source U.F.
Betveen Groups 2
Within Groups 112
Total 114

Mean A1 = 28.4

Mean B = 24.9

Mean A2 = 23.3

Mean Overall = 25.3
P3 Amp({Cz)
Source U.F.
Betwean Groups 2
Within Groups 160
Total 102

Mean A1 = 21.8

Mean B = 18.7

Mean A2 = 15.5

M=2an Overail = 18.5

sSum of
Sguares

1157.5
13572.3
14729.8

Sum of
Squares

52249
15876.9
16399.8

Sum of
squares

071.2
13862.4
14533.7

Mean £ Ratio
Sguares
578. 8 4.78
121.2
fian F fatioc
squares
2b1.4 1.84
1471.8
fiean f ratio
Squares
335.0 Zol42
138.6
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F Prou

.010

F Prop

.092
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Taplie D.18

Oneway Analysis of Variance For (Conditions For DC21

RT
Source D.te Sum of Wean F Katio F Proo
Squares Sguares
Between Groups 2 479056.0 239528.0 10.25 .000
Within Groups 98 2291168. 0 23379.3
, Total 100 2770224.0
Mean A1 = Y86.5 Significaat (p<.05) A Posteriori
Mean B3 = B40.8 Contrasts: Homogenous Subsets using
tiean A2 = BU42.0 buncan Ranyge Ilest.
Me2an Overall = 892.0 Subsetr 1: A1l
Subset Z: B; A2
| CNV Amp{Cz) - #3
Source D.F. Sum Of M=zan F ratio F Prob
sguares Syuares
Between Groups 2 1219.5 609.7 3.83 - 025
Within Groups 93 15596, 2 159.1
Total 100 lod15.0
Hean A1 = -15.4
Mean B = -21.2
Mean A2 = —-12.0
fean Overall = -15.9
CNV INT(Cz) - M4
Source - D.Fa Sum of liean F Ratio F Prob
Squares sguares
Between Groups 2 134798.0 67399.0 3.41 + 036
Within Groups 98 1934541.0 19740.2
Total 100 2009339.0
Mean Al = -c09.1
Mean B = -249.9
Mean AZ = -159.4
Mean Overall = -201.7



N1 Amp (Cz)

Source D.F.

Between Groups 2

Within Groups 67

Total 89
lean A1 = -22.9
Mean B = =-22.4
Mean Az = =-24.4
Mean Overall = -23.2

P2 Amp (Cz)

Source D.F.

Betweéen Groups 2

Within Groups 8o

Total 58
Mean A1 = op.7
Mean b = b.2
Mean Az = 11.1
Mean Overall = 7.9

P3 Amp{Cz)

Source U.F.

Between Groups Z
Within Groups 57
Total 59

Mean A1 = B.0
Mean B = 2.9
Mean A2 = 7.4
Mean Overall = 6.5

Sum of
Squares

1.7
12059.3
12121.0

sSum of
Sguares

408.1
9358. 4
976645

Sum or
Squares

29043
4596.0
4887.0

Mean
sSguares
30.9
138.0

mean
Syuares

204.0
108.8

tiean
Squares

145.2
BO.0

F ratio

.22

I katio

¥ Hatio
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Table D.1y

Oneway Anralysis of Variance ¢f DC1 Data For Tones

KT

Source

between Groups
Within Grougps
., Total

/ Mean Tone
Mean Tone
Mean Tone
Mean Tone
Mean Tone
Mean Tone
fean Tone

OUVE WN D

Hofn

Mean Overalli =

CNV Amp {(Cz) -

noonon

Source

Between Groups

Within Groups
Total
Mean Tone
Mean Tone
Mean Tone
Mean Tone

Mean Tone
Mean Tone
fiean Overa

(L [ [ L | R T

0
1
2
3
Mean Tone 4
5
6
1i

6
149
135

553.9
460.5
556.3
552.9
585.5
553.3
640.3
550.9

o
129
135

-16.1
-15.5
-17.0
-30.8
-15.8
-17.0
-24.5
-17.5

Sum of
Squarsas

160848.0
84825040
7029104.0

sSum of
Squares

1918.7
20465,.3
22384.0

Mean F Ratio F Prob
Squares
30141.3 «57 « 7157
53087.3
Mean F mgatio F Prob
Squares
319.8 2.02 068
158.6
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CNV INT(Cz) - MG

Ssource D.F. Sum of lfiean F Ratio F Prop
Sgyuares Squares
Betweel Groups b 8207040 47011.7 279 . 014
Within Groups 129 2175413.0 16863.7
Total 135 Z457483.0
Mean Tone 0 = -193.0 Significant (p<.05) A Posteriori
#flean Tone 1 = -190.2 Contrasts: Homogenous Subsets
Mean Tore 2 = -223.1 using Duncan Range Test.
Mean Tone 3 = -385.1 Subset 1: Tone 3
Mean Tone 4 = -241.4 Subset 2: Tone 4; Tone 6;
Mean Tone 5 = -221.5 fone 2; Tone 5,; Tone 03
Mean Tone 6 = -232.3 Tone 1
Mean Overall = -218.0
N1 Amp(Cz)
Scurce D.F. Sum of Mean F Ratje F Proo
sSguares Squares
Between Groups ) 1709.8 285449 1.68 . 131
Within Groups 129 21944.1 170.1
Total 135 23651.8
Mean Tone 0 = -20.1
tiean Tone 1 = -23.2
Mean Tone £ = -17.3
Mean Tone 3 = -27.3
Mean Tone 4 = -24.06
Mean Tone 5 = -29.5
Mean Tone b = -23.8
fiean Gverall = =-24.2




P2 Amp{Cz)

Bbetw2=2n Groups

Within Groups
Total

Mean Tone 0

Mean Tone 1

Mean Tons 2

Mean Tone 3

4

5

[¢]

1

B[O I A T

Mean Tone
Mean Tone
Fean Tone ¢
djean Overa

P3 Amp{Cz)

Source

Between Groups

Within Groups

Total
Mean Tone 0
Mean Tone 1
Mean Tone 2
Mean Tone 3
Mean Tone 4
Mean Tone 5
Yean Tone ©
Mean Overal

(L 1A T TR TR I}

i

Sum of
S5quares

1511.0
20946.8
22432.0

Sum of
Sguares

542.8
17354.9
17877.8

Mean £ gatio
Squares
251.9 1.55
162.2
fiean F katio
Squares
87 .1 - 04
135.b
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fable D.20

Oneway Analysis of Variance of DC3 Data For Tones

——— — —— - ——— —— - c— i vt s . S v et

Source Deto Sum of Kean F matio ©F Prob
sguares Squares
fetween Groups 0 289152.0 48192.4 .01 . 128
Within Groups 88 7010256.0 79662.0
Total 94 7299408.0
Me2ean Tone 0 = 579.3
Mean Tone 1 = 688.0
Mean Tone 2 = 6b60.9
Mean Tone 3 = 583.2
Mean Tone 4 = 722.0
Mean Tone 5 = o77.7
Mean Tone 6 = 571.5
Mean Overall = 029.7

CNV Amp{(Cz) - M3

Source D.F. Sam of Hean F Katio F Prob
Squares squaares
Betwean Groups 6 3038.0 51.3 1. 30 « 205
Within Groups By 3474.8 39.5
Total 94 3782.8
#ean Tone U = -11.3
Mean Tone 1 = -10.8
Mean Tone 2 = =-12.0
Mean Tone 3 = ~-4.8
¥Yean Tone 4 = =-7.8
Mean Tone 5 = -10.3
Mean Tone 6 = -11.0

dean Overalii = -10.4



CNV INT {Cz) - M4

Source

Between Groups
Within Groups
Totadl
Mean Tone 0
Mean Tone 1}
Mean Tone 2
Mean Tone 3
Mean Toue 4
5
6
1

LTI TR 1

Mean Tone
Mean Tone
Mean Qvera

1

N1 Amp (Cz)

e s . . . oo s M st

source

BetWween Groups
Within Groups
Total
Mean Tone 0
Mean Tone 1
dean Tone 2
Mean Tone 3
Mean Tone 4
5
6
li

o

I B T

Mean Tone
filean Tone
Mean Qvera

]

432350.8
450741.7

Squares

Mean F ratio
Squares
2065.1 1.85
4913.1
Mean ¥ matlo
Squares
5.8 2.07
31.9
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P2 Amp (Cz)
Source D.Fe sum of rean F ratio F Proon
Squares Squares

327.5 S4.0 1.44 =210
3231.5 38.0
3558.9

Between Groups
Within Groups 8
Total 9
Yean Tone O
Mean Tone 1
Mean Tone 2
Mean Tone 3
Mean Tone 4
5
1)
1

(T
Y

.
[S2R0 VP =3« A > Mo SR Ve}

Mean Tone
Mean Tone
¥ean QOvera

wolouwon
—

1l =

P3 Amp{Cz)

e Sp—

Source

C
[
i
.

Suin of fiean I Katio F Proo
Squares Sguarses

190.6 31.8 82 -563
3040.4 39.9
3231.0

Between Groups

Within Groups

Total
Mean Tone
Mean Tone
Mean Tone
Mean Tone
Mean Tone
Mean Tone
Mean Tone
Yean Overall =

Y [0 W)
[Salo <HEN [ o SR FVREVA IRV RN i ol o)
[ ] .

CUEWN SO
(L T T T (O TR 1
L)
T O -

O
L ]
N



RT

Source

Betwec

Within

Total
Mean
Mean
Mean
Mean
Mean
Mean
Mean
Mean

CNV am

Oneway Anaiysis of Variance of 0OC4 Data For Tones

Tanlte D.21

n Groups
Groups

1
Tore 0
Tone 1
Tone 2
Tone 3
Tone 4
Tone 5
Tone 6
Overal

(T (I TR | B O

1 =

p(Cz) - M3

Source

Betwee

Within

Total
Mean
Mean
Mean
Mean
Mean
Mean
Mean
Mean

n Groups
Grougps

1
Tone §
Tone 1
Tone 2
Tone 3
Tone 4
Tone 5
Tone ©
Overal

I L | 1R | [ B

1

©
95
01
728.4
680.9
778.0
717.5
B4k.8
628.5
129.3

731.2

b

95

01
~1lb.0
-16.0
~12.8
-17.0
~23.4
-18. 1
~B.2

—1605

sum of
Sqguares

29545640
4060832.0
435628840

sSum of
Squares

1100.5
16470.8
17571.3

deai F katilo
Squares

4yz42.7 i.15

Mean F Katio
sSquares
183. 4 1. 06
173.4

3.9

¥ Prosb

+339

F Prob

«394



CNV INT(Cz) - i

Source D.F. Sum of Mean F Ratio
Squares Squares
Between Groups 6 $58582.0 T0430.3 .69
Within Groups 95 2260637.0 23796.2
Total 101 2359219.0
M=2an Tone 0 = -204.9
Mean Tone 1 = -204,2
Mean Tone £ = -129.06
Mean Tone 3 = -257.0
fean Tone 4 = -247.5
Mean Tone 5 = -193.2
Mean Tone 6 = -148.3

Mean QOverall = -19t.C

N1 Amp (Cz)
Source Do F. Sum of Mean P Ratio
Squares squares
Between Groups 6 447.9 74 .6 .61
Within Groups 95 11630.0 122.4
Total 101 12077.8
Mean Tone 0 = -25.4%
Mean Tone 1 = ~21.2
fiean Tone 2 = -28.4
Mean Tcne 3 = -/Z3.5
Mean Tone 4 = =-25.3
flean Tone 5 = -21.86
Mean Tone 6 = -28.5

Mean Overall = =-25.0
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F Prob
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¥ Proo
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P2 Amp (Cz)

sSource

Between Groups

Within

Total
Mean
Mean
Mean
Mean
Mean
Mean
Mean
Mean

Grougps

Tone 0
Tone 1
Tone 2
Tone 3
Tone 4
Tone 5
Tone ©

1

P3 Amp (Cz)

Source

Between Groups

Within

Total
Mean
Mean
Mean
Mean
Mean
bean
Mean
Mean

Groups

Tone 0
Tone 1
Tone 2
Tone 3
Tone 4
Tone 5
Tone o
Overall

T TR TR TR [ TR

BT T I T I T I 1

20.8
28.6
20 4
16.0
13.9
18.9
19.5
20.0

94

13.3
16.7
12.1
T4.0
11.06
18.0
14.2

13.9

Sum oI
Squares

725.06
12698.2
13423.9

Sum ot
Syuares

33d.0
11345, 4
11084.9

Meau F katjo
Squares
120.9 <91
133.7
tiean F katio
Sguares
56.3 ’u5
148.9

330
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Tapble D.22

Oneway Analysis of Variance or 0C5 Data For Tones

8T
source Dot Sum of hean F batjc & Frob
Squares Squares
Between Groups 6 331604.0 55277.3 1.02 «H17
Within Groups 8y 4812320.0 54071.0
Total 95 5143984.0
Mean Tone 0 = 653.0
Mean Tone 1 = 743,.2
Mean Tone 2 = 783.4
Mean Tone 3 = 583.7
Mean Tone 4 = 757.2
Mean Tone 5 = 785.0
Mean Tone b6 = 695.0
Mean QOverall = 696.5
CNV Amp {Cz) - M3
Source U.F. Sui ot liean ¥ Batio F Prob
Squares Squares
Between Groups o 1109.1 194.9 «39 «500
Withian Groups 59 19453.5 218.06
Total 95 2Ub22.0
M=2an Tone 0 = =-24.0
Mean Tone 1 = -20.0
Mean Tone 2 = -19.3
Mean Tone 3 = -28.7
fean Toane 4 = -29.0
Mean Tone 5 = -16.8
Mean Tone 6 = -27.8
fiean Qverall = -23.3
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CNV INT{(Cz) - M4

source Vo Fe sum oOf Mean F katio F Prob
Squares Squares
Between Groups o 68494 .0 114615.7 .38 .3888
Within Groups 89 2046597.0 29737.0
Total 95 <715091.0
, Mean Tone 0 = -265.90
' Mean Tone 1 = -276.3
Mean Tone 2 = -286.8
Mean Tone 3 = =-297.0
Mean Tone 4 = -348.6
Mean Tone 5 = -249.8
fiean Tone 6 = -266.5
Mean Overaii = -276.1
N1 Amp (Cz)
Source D.F. sum of fiean F HKatio F Proo
Squares sSguares
Between Groudps 6 516.6 B6.1 « 70 -556
Within Groups 89 11019.9 123.8
Total 95 11536.5
Mean Tone 0 = -2b.0
Mean Tone 1 = -26.8
Mean Tone 2 = -29.0
Mean Tone 3 = -35.3
Mean Tone 4 = =-25.5
Mean Tone 5 = -3Z.3
Mean Tone b = -27.8
Mean Ovzarall = -27.6



P2 Amp {<z)

source Dale sum oL HB2au ¥ rRatio F Prob
Squares squares
Betweelnh Groups 6 9:8.0 154.7 1.26 235
Within Groups ok 10851.3 143.0
Total 95 1187%.3
Mean Tone 0 = 14,7
Mean Tone 1 = 19.8
Mean Tone 2 = 11.5
Mean Tone 3 = 2.0
Mean Tone 4 = 16.7
Mean Tone 5 = 1b.1
Mean Tone 6 = 10.5
Mean Overall = 14.7
P3 aAmp{Cz)
Source b.F. Sum of Mean f ratio F Prop
Squares Squares
Between Groups 6 496.2 82 o7 .96 . 49U
Within Groups 61 5165.6 BU.7
Total ) 5661.8
Mean Ton=2 0 = 1.9
Mean Tone 1 = -3.0
Mean Tone 2 = =-1.5
Mean Tone 3 = 3.5
Mean Tone 4 = 5.0
Mean Tone 5 = 0.3
Mean Tone 6 = -9.0
Mean Overall = 0.9
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Table D.Z3

Oneway Ahalysis of Variance c¢f LCo Data For Tones
KT
Source D.F. Suuw of Mean F Katio F Proob
sguares Squares
/ setwean Groups 6 758608.0 120434.6 1.94 - 079
Within Gioups 120 7811504.0 05095.9
Total 126 8570112.0
Mean Tone 0 = 619.2
Mean Tone 1 = 414.9
Mean Tone 2 = 580.7
Mean Tone 3 = 593.1
Mean Tone 4 = 451.4
Mean Tone 5 = 556.5
Mean lone & = Ul2b.4
Mean Overall = 561.2
CNV Amp (Cz) - M3
; Source DeF. Sum of Heaan £ ratic F Prob
E squares Sgquares
Between Groups 6 538.0 89.7 .99 434
Within Groups 120 10840.2 90.3
Total 126 11378.2
#iean Tone 0 = -10.9
§ Hean Tone 1 = -7.4
{ tiean Tone 2 = -10.0
#ean Tone 3 = =5.9
Mean Tone 4 = -5.3
: Mean fonea 5 = -b.8
: tfiean Tone 6 = -5.6
' Mean Overalli = -9.2




CNV INT(Cz) - H4

Source

Between Groups

Within Groups

Total
tiean
Mean
Mean
Mean
Mean
Mean
Mean
Mean

Tone 0
Tone 1
Tone 2
Tone 3
Tone 4
Tone 5
Tone o
Ovaral

O T | I T R T

N1 Amp (Cz)

Source

Betwean Groups
Within Groups
Total
Mean
Mean
Mean
Mean
fean
Mean
Yean
Mean

Tone 0
Tone 1
Tone 2
Tone 3
Tone 4
Tone 5
Tone 6
Qveral

(L T TR | S { I [T

1l =

1l =

Sum of
Squares

119534.0

1155506.0

1275044040

Sum of
Squares

811.3
9196.9
10008.1

Mean ¥ katio
Squares
19922.3 2.07
3629.2
Mean F katio
squares
135.2 1«76
76 .0
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P2 Amp (Cz)

souice

Betwaen Groups

Witain

Total
Mlean
Mean
Mean
Mean
Mean
Mean
Mean
Mean

Groups

Tone 0
Tone 1
Tone 2
Tone 3
Tone 4
Tone 5
Tone o

1

[T T I S TR T 1

P3 Amp (Cz)

e o i s et e v

Source

Between Groups

Within

Total
Mean
Mean
Mean
Mean
Mean
Medn
Mean
“ean

Groups

-—d

Tone 0
Tone 1
Tone 2
Tone 3
Tone 4
5
6
1

Tone
Tone
gvera

[T T O A TR 1

1 =

6
120
120
-0.5

-Ww e U
" [ [ ]
wWEUEULO

N
.
<

6

[«>3Ve)
o O

il
VCOwWo 3o
L]
[o RPN UV ) I SPRV BN |

“] s
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Sum of fiean F watio F Prob
Squares Syuares
1258.,0 209.7 4.50 000
5591.0 46.6
6849.0

significant (p<.05) 4 Posteriori
contrasts: Homogenous Subsets
using Duucan kKange Test.
subset 1: Tone b4; Tone 0;
Tone 3; Tone 4; Tone 2;
Tone 1
Subset Z: Tone 3; Tone 4,
Tone Z2; Tone 1; Tone 5

Sum of Mean F Ratio F Prob
Sqguares Squares
161.5 26.9 .73 . 031
3557.9 37.1
3719.4
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Table D.24

Ouzway Analysis of Variauce ot DC7 Data For Tpnes

RT
Source D.F. Sum of Mean F kRatio F Prob
Squares Squares
Between Groups b 14100840 £3501.3 ~l9 . 939
Within Groups 125 10048304.90 80383 .4
Total 131 10189312, 0
Mean Tone O = 576.3
Mean Tone 1 = 513.7
Mean Tone 2 = 632.8
Hean Tone 3 = 062.2
Mean Tone 4 = 594.4
Mean Tone 5 = 568.7
Mean Tone 6 = 595.4
fiean Overall = 582.2
CNV Amp(Cz) - M3
Source DoFa Sum of mean ¥ matic F Prop
Squares Sqguares
Between Groups b 195.4 32.5 .37 » 9040
Within Groups 125 11149.8 89 .2
Total 131 11345.0
Kean Ton=e 0 = -12.8
Mean Tone 1 = -13.2
Mean Tone 2 = =-15.0
Mean Tone 3 = -16.0
Mean Tone 4 = -=14.3
M2an Tone 5 = -11.6
#ean Tone 6 = —10.9
Mean Overall = =-13.2



CNV INT(Cz) -

Source

Between Groups

Within

Total
Mean
Mean
Mean
Mean
Mean
Mean
Mean
Mean

Groups

Tone 0
Tone 1
Tone ¢
fone 3
Tone 4
Tone 5
Tone 6

1

Overall

N1 Amp (Cz)

Between Groups
Within Groups

Total
Mean
Mean
Mean
Mean
Hean
Mean
Mean
Mean

Tone O
Tone 1
Tone 2
Tone 3
Tone 4
Tone 5
Tone 6
Overaldil

| T | I 1A T TR

(T IO LI T TR T

il

6
145
131
-136.2
-151.9
-158.2
-172.38
-168.1
-130.5
-116.3
-144.0

D.f’.

6
121
127
-20.2
-15.7
-19.2
-14.3
~-17.8
-14.2
-10.3
-17.9

sSum of
squares

2990640
1034137.0
1064043.0

Sum of
Squares

994.0
9299.5
10293.5

Mean F ratio
Sguares
4984.3 «00
8273.1
Mean F Ratio
Squares
165.7 Z.1b
769

138

F Prob

.730

F Prou

«052



P2 Amp (Cz)

source

Between Groups
Withain sroups
Total
Mean
Mean
Mean
Mean
Mean
Mean
Mean
Mean

Tone 0
Tone 1
Tone 2
Tone 3
Tone 4
5
6
11

[ T I T T A

Tone
Tone
overa

i}

P3 Amp (Cz)

Source

Betwean Groups

Within Groups

Total
Mean Tone 0 =
Mean Tone 1 =
Mean Tone 2 =
Mean Tone 3 =
Mean Tone 4 =
M=2an Ione o =
Mean Tone 6 =
Mean Overadd

6
116
122
15.5
11.4
13.9
13.8
1241
13.1
1.8

14.0

D' .Fn

b
114
120
15.1
13.3
12.3
11.0
11.3
Tu.1
10.7

13.7

Sum of
Squares

283.6
7130.3
7419.9

sum of
Sgquares

301.2
7540.3
7841.4

hean ¥ Katio
Squares
47 .3 .47
91.5
Mean F gatio
Squares
50.2 «76
66.1

339
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Tabie D.20

Oneway Analysis of Variance of DC8 bData For Tones

—— o — e

RT
Source DeFe sum of mean ¥ Katio F Prowo
squares Sguares
Between Groups ) 353488.0 58914.7 T.14 .340b
Within Groups 104 5391616.0 51842.5
Total 110 5745104.90
Mean Tone 0O = 647.0
Mean Tone 1 = 513.0
) Mean Tone 2 = ©698.3
Mean Tone 3 = 660.4
Mean Tone 4 = 539.0
M=2an Ton=2 5 = 604.3
Mean Tone 6 = 471,7
Mean Overall = 625.4
CNV Amp(Cz) - K3
Source DeFe sum orf Mean ¥ Ratjo F Prowvo
Sguares Squares
BetWween Groups 6 1079.4 179.9 1.73 . 120
Within Groups 104 10803.7 103.9
Total 110 11883.1
Mean Tone 0 = -14.4
Mean Tone 1 = =-15.9
Mean Tone 2 = =-9.8
flean Tone 3 = =4.,7
Mean Tone 4 = -10.8
Mean Tone 5 = -17.3
Mean Tone 6 = =-15,3
#Mean Overall = -13.6
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CNV INT(Cz) - #4
source D.F. Sum ot Miean ¥ Ratio F Prob
Sguares Squares
petwean Groups b 94507.0 15751.2 1.35 <242
Within Groups 104 1215857.0 11687.1
Total 110 1309904.0
Mean Tone 0 = =-179.0
Mean Tone 1 = -180.4
Mean Tone 2 = -130.1
Mean Tone 3 = =-93.4
fiean Tone 4 = -124.5
Mean Tone 5 = -199.3
Mean Tone 6 = -184.0
d4ean Overall = -165.7
NT Amp (Cz)
source Ua.F. Sum oL Mean F gatioc F Proo
Squares Sguares
Between Groups 6 2028.5 338.1 2431 . 039
Within Groups 104 154252.9 146.7
Total 110 17281.4
Mean Tone 0 = —-30.4 Significant (p<.05) A Posteriori
Mean lone 1 = -25.6 Contrasts: Homogenous Subsets
Hean Tone 2 = -Z28.0 usihg Duncan mgange last.
Mean Tone 3 = =-14,1 Subs2t 1: Tone 0; Tone 2;
Mean Tone 4 = -23.06 Tone 1; Tone 5; Tone 4;
Mean Tone 5 = ~-24.3 Subset Z: Tone <£; Tone 133
Mean Tone 6 = -12.0 Tone 5; Tone 4; Tone 3;
Mean Overadil = -27.4 fone 6
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P2 Amp (Cz)
source Defa sum of Mean I Batic F Prob
Squares syuares
petween Groups 6 7176.9 129.5 1.17 «329
Within Groups 104 11521.5 110.8
Total 116 12298.4
) Mean Tone 0 = 10,7
Mean Tone 1 = 2.0
Mean Tone 2 = 9.1
Mean Tone 3 = 12.4
Mean Tone & = 13,2
Mean Tone 5 = 8.0
Mean Tone 6 = 0.3
Zean Overall = 9.8
P3 Amp{Cz)
Source D.Fe Sum of rean ¥ satio F Proo
squares sguares
Between Groups 6 554.2 9244 1.15 «339
Within Groups 91 7300.3 80.2
Total 97 7854.5
Mean ione 0 = 11.0
Mean Tone 1 = 13.4
Mean Tone 2 = 10.0
Mean Tone 3 = 4.8
Mean Tone 4 = 12.1
Mean Tone 5 = 5.9
Mean Tone 6 = 1.0
Mean Overall = 10.2
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Tablde D.co

Onsway Analysis of Variance of DCY Data For Tones

RT
Source DeF. Sum of dean F katio F Proo
Squares Squares
petwean Groups © 180992.0 30%105.3 - bl »702
¥ithin Groups 105 4969760.0 47331.0
Total 111 5150752.0
Mean Tone 0 = 691.6
Mean Tone 1 = T700.4
Mean Tone 2 = 589.8
Mean Tone 3 = 628.7
Mean Tone 4 = bb62.0
Mean Tone 5 = £85.8
Mean Tone 6 = 550.4
Mean Overall = 684.6
CNV Anmp {Cz) - M3
Source D.F. Sum of Mean f katio F Prob
Squares Squares
Betw=22n Groups 0 192.4 2.1 .27 . 951
Within Groups 105 120691.6 140.9
Total 111 1488440
Mean Tone 0 = -13.0
Mean Tone 1 = -13.5
Mean Tone 2 = -14,8
Mean Tone 3 = -16.8
Mean Tone 4 = -12.9
flean Tone 5 = -10.8
Mean Tone 6 = -14.6
Mean Qverali = -13.3
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CNV INT (Cz) - K4

Source D.F. Sum of Kean F Ratio F Probp
squares Squares
Between Groups 6 65625.0 10937.5 w06 o84
Within Groups 105 1741440.0 16585.1
Total 111 1807065.0
piean Tone 0 = =-152.1
Mean Tone 1 = -178.0
riean Tone 2 = -157.8
Mean Tone 3 = -188.0
Mean Tone 4 = ~-154.8
Mean Tone 5 = -102.06
Mean Tone 6 = ~-90.0
Mean QOverall = -148.9
N1 Amp(Cz)
Source D.Fa sum of fiean ¥ Ratio F Proo
syuares Squares
Between Groups b BOb.b 134. 4 Z2.58 023
Within Groups 94 4902.1 52.2
Total 100 5708.7
Mean Tone Q0 = -14.5 Sigyniticant (p<.05) A Posteriori
Mean Tone 1 = -15.3 Contrasts: Homogenous Subsets
Mean Tone 2 = -20.4 usiug vuincan Range Test.
Mean Tone 3 = -12.8 Subsetr 12 Tone Z; Tone 4,
Mean Tone 4 = —15.3 Tone 1; Tone 0; Tone 3
Mean Tome 5 = -12.7 Subset 2: Tone 4; Tone 1;
Mean Tone 6 = =5.0 Tone 0; Tone 3; Tone 5
Mean Overall = =-14.6 Subs=2t J3: Tone 3; Tone 5;

Tone
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P2 Amp{L2Z)

source U.F. Sum of Mean r Ratio F Proo
squares Squares
Between Groups 6 bov.B 78.1 1.19 .318
Within Groups 92 b034.1 65.6
Total 98 ©502.9
Mean Tone 0 = 11.4
Mean Tone 1 = 9.5
Mean Tone 2 = 6.0
Mean Tone 3 = 11.0
Mean Tone 4 = 14,7
Mean Tone 5 = 12.1
Mean Tone 6 = 15.8
Mean Overalli = 11.3
P3 Amp{Cz)
Source D.F. sum of Mean F gatio F Probo
Squares sguares
Between Groups b 44,2 157.4 299 011
Within Groups 16 4005.6 52.7
Total 82 4949.8
Mean Tonz 0 = 13.3 Significant (p<.05) A Posteriori
Mean Tone 1 = 4.6 Contrasts: Homogenous Supsets
Mean Tone 2 = lo.o using Duncan Range Tast.
Mean Tone 3 = 5.5 subset 1: Tone 1; Tone 3;
Mean Tone 4 = 9,3 Tone 4
Mean Tone 5 = 12.4 Subset Z: Tone 3; [one 4,
Mean Tone 6 = 16.5 Tone 5; Tone 0; Tone ©
Mean Ovsrall = 1Z2.40 Subset 3: Tone 4; Tone 5H;

Tone U; Tone 6; Tpne 2
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Tabke D.27

Uneway Analysis or Variance ot DC11 Data For Tones

— e e s o et ———

RT
source DeFa Sum of hHean ¥ gKatio F Prob
Squares syuares
petween Groups o 11818d8.0 190981.4 3.24 . 005
Within Groups 131 7970336.0 b0BUdL,.3
Total 137 915222440
Mean Tone 0 = 612.1 Significant (p<.05) A Postzriori
#ean Tone 1 = 542.9 Contrastis: Homogenous Subsets
Mean Tone 2 = 773.3 using buncan Range Test.
Mean Tone 3 = 475.8 Subset 1: Tone 3; Tone 1;
Mean Tone 4 = 755.9 Tone VU; Tone 6
Mlean Tone 5 = 788.6 Subset 2: Tone U; Tohe b3
Mean Tone b6 = b691.7 tone 4
Mean Overalli = 652.5 Subset 3: Tone 6: Tone 4;
Tous 2; {one 5
CNV Amp(Cz) - M3
Source DeFa Sum of riean I' satio F Prow
squares sSquares
Between Groups o 167b.5 279.4 1.80 .103
Within Groups 131 20313.4 155.1
Total 137 21989.9
Mean Tone 0 = -17.0
flean Tone 1 = =-9.4
Mean Tone 2 = =-16.3
Mean Tone 3 = -13.3
Mean Tone 4 = -9.4
Mean Tone 5 = -19.5
riean Tone 6 = -21.0

Mean Qverali = -1b.6
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CNV INT{Cz) - nu

Source D.Fo. sum oOf Meaa F Ratio F Proo

Sguares Sguares
Betwe=2n Groups ) 109934.0 18322.3 1.14 . 345
Within Gioups 131 2114239.0 16139.2
Total 137 £224173.0
Mean Tone 0 = -194.1
Mean Ione 1 = =-163.3
Mean Tone 2 = -197.1
Mean Tone 3 = ~141.5
Mean Tone 4 = -121.9
Mean Tone 5 = =224.7
Mean Tone o = -197.9
Mean Overall = -184.4
N1 Amp (Cz)
Source Da k. Sum of fiean ¥ Ratio F Proob
Squares Squares
Between Groups 6 488243 813.7 6.70 .000
Within Groups 130 15799.4 121.5
Total 136 20681.86
Kean Tone 0 = -33.3 significant (p<.05) A Posteriori
Mean Tone 1 = -23.0 Contrasts: Homogenous Subsets
Mean Tone 2 = =2Z.5 uslng Juhcan RBange Test.
Mean Tone 3 = -2Z2.9 Supset 1: Tone 0
Mean Tone 4 = -2Z.1 Subset Z: Tone 1; Tone 3;
Mean Tone 5 = -2z.5 fone Z; Tone 5; Tone u4j;
M2an Tone 6 = -15.0 Tone o
“Mean Overall = -27.2



P2 Amp{Lz)

sourcs

petWween sroups
Within Groups
Total
Mean Tone 0
Mean ‘Tfone 1
Mean {one 2
Mean Tone 3
Mean Tone §
5
6
ii

[

fiean Tone
Mean Tone
Mean Overa

B U { I T (O 11

P3 Amp{Cz)

Between Groups

Within Groups

Total
Mean Tone 0
Mean Tone 1
Mean Tone 2
Mean Tone 3
Mean Tone 4
Mean Tone 5
Mean Tone o
Yean Overal

[ T (I T B 1 [

1 =

o
121
127
16.2
11,2
15.0
15.3
18.1
13.5
10.1

15.1

sum of
squares

595.2
13420.8
14016.0

Sum of
Sguares
405.9

1646206.7
14612.7

dean ¥ katio
squares
Y9.2 B89
110.9
Mean F wkatio
Sguares
671 «51
131.5
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F Probp

«503

F Proo
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Table D.28

Oneway Anaiysis of Variance of 0C12 Data For Tones

KT
Source DeFe Sum of rMean F satio F Prowo
sguares Sqyuares
Between Groups 6 092256.0 115376.0 1.97 .82
Within Groups 63 3686968.0 58475.7
Total 09 4376224.0
Mean Tone U = 788.0
Mean Tone 1 = 551.2
Mean Tone 2 = 577.0
Mean Tone 3 = 450.8
Mean Ton=s & = 620.7
Mean Tone 5 = 764.8
Mean Tone b = #492.1
Mean Overall = 608.0
CNV Amp (Cz) - #3
Source D.F. sum of fiean F ratio F Probo
Squares Squares
Between Groups 6 179.¢ 29.9 .39 . 886
Witaln Groups 63 4883.7 77.5
Total 09 5Ub2.9
Mean Tonzs 0 = =7.0
Yean Tone 1 = -6.3
Mean fone 2 = -10.4
Mean Tone 3 = =-6.8
¥ean Tone 4 = =-7.0
4ean Tone 5 = =9.5
Mean Tone 6 = =7.3
Mean Overall = =-8.0



CNV INT (Cz) ~ N4

sSource

Between Groups
Within Groups
Total
Mean
Mean
Mean
Mean
Mean
Mean
Mean
Mean

Tone 0
Tona 1
Tone 2
Tone 3
Tone 4
5
6
1li

H

Tone
Tone
Qvera

N1 Amp (Cz2)

Between Groups

Within Groups

Total
Mean
Mean
Mean
Mean
Mean
Yean
Mean
flean

rTone 0
Tone 1
Tone 2
Tone 3
Tone 4
5
6
i

it

Tone
Tone
Overa

i

1l =

D. f&.

o]
63
69
-92.7
-73.5
-88.9
-55.2
-55.1
-71.8
-46.7
~69.1

cC o
~] -

|
Y
O
<

-21.7
-22.9
~26.8
-20.9
-17.5
-23.0

"21.5

Sum ot
Squares

T4938.2
598bbo. 4
013604.6

Sum of
Sguares

386.0
6925.0
7311.0

Mean F Ratio
Squares
Z489.7 . 40
9502.b
Mean F katio
Squares
blh.3 «57
113.5
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F Prop

« 951

F Proo

757



P2 Amp (Ce)

source D.F.
BetWean Groups ©
Witain Groups 61
Total 67
Mean Tone 0 = 37.3
Mean Tone 1 = 19.5
tiecan Tone 2 = 16.1
Mean Tone 3 = 13.8
Mean Tone 4 = 15.5
Mean Tone 5 = 11.¢
M=an Tone 6 = 5.9
Ke2an Overall = 15.6
P3 Amp{Cz)
source Defo
Between Groups 6
Witauin Groups 60
Total Do
Mean Tone 0 = 29.7
Mean Tone 1 = 18.1
Mean Tone 2 = 21.0
Mean Tone 3 = 23.2
Mean Tone U4 = 23.5
Mean Tone 5 = 22.2
Mean Tone 6 = 19.6
Mean Overall = 21.0

351

S5um of Mean F Ratio F Proo
sguares Squares
2518.1 419.7 2.59 «027
9902.7 162.3
12420.8

Signiricant (p<.05) A Posteriori
Contrasts: Homogenous Subsets
using Duncan Range Test.
sSubset 1: Tone o; Tone 5;
Tone 3; Tone 4; Tone 2
Subset «: Tone 5; Tone 3;
Tone 4; Tone Z; Tone 1
budbset 3: Tone 0

Sum Of Mean F ratio F Proo
sSyuares sSquares
462.9 77.1 «6b .b88
70065. 4 117.38
7528.3



Table D.29

354

Onaway Analiysis of Variance of LC13 Data For Tones

RT

Source

Between Groups

Within Groups

Total
Mean
Mean
Mean
Mean
Mean
Mean
Mean
Mean

Tone 0
Ton= 1
Tone 2
Tone 3
Tone 4
5
6
1

fone
Tone
Qveara

T T T T

1l =

CNV Amp(Cz) - M3

Source

Betwesn Groups

Within Grougs

Total
Mean Tone 0 =
Mean Tone 1 =
Mean Tone 2 =
Mean Tone 3 =
Mean 1lone 4 =
Mean Tone 5 =
Mean Tone 6 =
Mean Overail =

D.F.

6
135
141
713.0
735.0
700.9
611.7
075.1
755.8
530.7

710.0

D. F.

b
135
141
-10.1
-16.0
-12.1
-14.0
-8.9
-20.4
-10.4

-12.1

sSum of
Squares

337136.0
90020b4.0
93939200.0

sum of
Syuares

1873.6
25115.1
206993.7

Mean F Ratio
Sgquares
56189 .3 .84
671204
Mean F Katio
Squares
313.1 1.68
186 .U

F Prowu

- 545

F Prob
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CNV LNT(Cz) - M4

source Dafe Suw of tieaan F Ratio F Prowu
Sguares Syudares
Between Groups ) 134929.0 22488842 1.02 L 417
Within Groups 135 2985336.0 24113.b6
Total 141 31202065.0
iean Tone 0 = -190.1
Mean Tone 1 = =-178.7
Mean Tone 2 = =-205.8
Mean Tone 3 = -98.2
Mean Tone 4§ = ~137.9
Mean Tone 5 = =-224.0
filean Tone 6 = -129.7
Hean Overall = -181.2
N1 Amp (Cz)
Source D.F. Sum of Meah F xatioc F Prob
Squares Squares
Betwe=n Groups 6 3056.9 50U9.5 2.90 .011
Within Groups 129 £2644.9 175.5
Total 135 2570131.8
Mean Tone 0 = =-27.z Significant ({(p<.09) A Posteriori
Mean Tone 1 = -24.9 Contrasts: Homogyenous Subsets
Mean Tone 2 = -16.9 using Duncan kange Tast.
ean Tone 3 = —-30.3 subset 1: Toue 3; Tone {;
Mean Tone 4 = -21.3 Tone 1; Tone U; Tone 5;
4ean Tone 5 = ~18.9 Tone 2
Mean Tone o = =-11.7 Subset 2: Tone 1; Tone 4;
Mean Overall = -£3.8 one 9; 1lone Z4; Tone o
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P2 amp(Lz)

e S et e S . S i

Source D.F. sum of Mean F Ratio F Prob
Syuares Sguares
Between Groups 6 934.0 155.5 .80 »525
Wwithin Groups 125 24513.2 180, 1
Total 131 Z344b.2
Mean Tone 0 = 17.3
M=2an Ton=2 1 = 16.90
Mean Tone 2 = 10.06
Mean Tone 3 = 18.5
Mean Tone 4 = 13.1
Mean Tone 5 = 15.7
Mean Tone 6 = 8.5
Mean Overalli = 15.6
P3 Amp{Cz)
Source D.F. Sum of liean r Katio F Prob
Squares Squares
Betwe=2n Groups 6 552.6 92.1 .b1 127
Within Groups 105 15957.1 152.0
Total 111 To509.7
Mean Tone 0 = 14.4
Mean Tone 1 = 10.4
Mean Tone 2 = 11.8
Mean Tone 3 = 18.0 .
Mean Tone 4 = 18.2
Yean Tone 5 = 12.5
Mean Tone 6 = 8.,V
Mean Qverall = 1Z.Y9
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Table D.30V

Oneway Analysis of Variance ot DC14 Ddata For Tones

RT
Source D.F. Sum Of Mean I Katio F Prup
Squares Squares
petween Groups o) 247328.0 41221.3 .43 .821
Wwithin Groups 110 9387280.,0 85438.9
Total 116 Jo34608.0
Mean Tone 0 = 600.3
Mean Tone 1 = 596.7
iflean Tone 2 = 631.4
Mean Tone 3 = 697.0
Hean Tone 4 = bB6.8
Mean Tone 5 = 682.0
Mean Tone b = 504.5
Mean Overadl = 622.0
CNV Amp({(Cz) - 3
Source Defba Sum of Mean F ratio F FProo
Squarces Squares
Between Groups 6 BY4.3 1495.1 .70 . 0655
Within Groups 110 23550.7 214.1
Totai 116 24445,90
Mean Tone 0 = -30.1
Mean Tone 1 = =-27.1
Mean Tone 2 = -33.2
Mean Tong 3 = -32.0
ifean Tone 4 = -29.3
tican Tone 5 = -35.6
Mean Tone 6 = -38.3

Mean Overaii = -31.3
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CNV INT{(Cz) - M4

Source D.F. Sum ot Mean F natio F Proo
squares Squares
Between Groups 6 65652.0 10942.0 <U4b . 837
Within Groups 110 2014229.0 23765.7
Totai 116 2679881.0
Mean Tone 0 = —=-310.7
M2an Tone 1 = -286.3
Mean Tone 2 = -332.9
Mean [one 3 = -268.6
Mean Tone 4 = -254.9
2an Tone 5 = -314.8
Mean Tone 6 = =-341.7
¥Mean Overall = -306.2
N1 Amp{Cz2)
Source DeFa Sum of Mean F Katio F Prob
Sguares Squares
Between Groups 6 GUb.6 4.4 <99 .438
Within Groups 110 8291.5 75.4
Total 116 B738.1
¥ean Tone 0 = =-15.1
Mean Tone 1 = =G.9
Mean Tone 2 = ~12.5
Mean Tonz 3 = -11.3
M=2an Tone 4 = -10.3
Mean Tone 5 = -12.8
flean Tone 6 = -13.2
Mean Overali = -13.3




357

P2 Amp (Cz)

Ui
O
=]
]
O
L
o
L]
br
L]

Sum of mnean F Katio F Prob
Sguares squares

531

-—
.
(e &)
o
(54

336.5 00 .
Fi 8253.1 7.
3 8649.6

Betwaen Groups
Within Groups
Total
Mean Tons 0
Mean Tone 1
lean Tone Z
Mean Tone 3
Mean Tons 4
5
6
1

—
-—

N-NNNOO~NaOo O
.

—
L]
N

*

(T T TR T TR T
—

Mean Toae
Mean Tone
flean Overa

i= 7.7

P3 Amp (Cz)

Source DeFo Sum of fiean ¥ Ratio T Prob
Sguares Sguares

367.9 6b1.3 « 97 <453
5320.8 03.3
5688.7

Between Groups
Witnin Groups
Total
Mean Tone 0
Mean Tone 1
Mean Tone 2
Mean Tone 3
Mean Tone 4
5
6
11

Hn
Yelle o
N

Mean Tone
M=e2an Tone
fiean Overa

woit onowu
==C U0 e &o
L ]

.
S =] o o~

n
.
o
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Table D.31

Oneway Analysis of Variance of DC15 Data For Tones

[ ——

RT
Source Deka sum of Mean ¥ matio F Prob
Squares Squares
Betw=en Groups 6 213216.0 35536.0 .4 <841
Wituln Groups 131 10213488.0 77965.5
Total 137 10426704.0
Mean Tone 0 = 612.1
Mean Tone 1 = 550.4
Mean Tone 2 = b628.7
Mean Tone 3 = 716.0
Mean Tone 4 = ©73.7
Mean Tone 5 = 597,1
Mean Tone 6 = 50047
Mean Overali = 615.9
CNV Amp(Cz) ~- #3
Source D.F. Sum of Mean ¥ katic F Prob
Squares sguares
Between Groups ) 1579.8 463.3 .92 . 486
Within Groups 131 37616.06 287.1
Total 137 39195.4
Mean Tone 0 = —-14.6
Mean Tone 1 = -12.7
Mcan Tone 2 = =-24.2
Mean Tone 3 = =9.7
Mean Topne 4 = -15.8
Mean Tone 5 = -17.8
Mean Tone 6 = -23.0
Mean Overall = -15.9
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CNV INT(Cz) - N4

Source D.F. sum of rean F ratio £ Proo
squares Squares
Between Groups o lodbb 1.0 27443.5 .90 2456
Within Groups 131 3748106.0 28612.0
Totadi 137 3912827.0
Yean Ifone 0 = ~-145,.7
Mean Tone 1 = -135.0
MearnL Tone 2 = -249.4
Mean Toue 3 = -105.0
Mean Tone 4 = -149.4
Mean Tone 5 = -169.1
Mean Tone 6 = -155.4
Mean Overall = -157.2
N1 Amp{Cz)
Source D.F. Suw of tean I' kratio ¥ Proo
Squares squares
Between Groups 6 6602.8 1100.5 7.75 000
Within Groups 149 18312.3 142.0
Total 135 24915.1
Mean Tone U = -33.5 Sigpificant (p<.05) A Posteriori
Hean Tone 1 = -28.4 Contrasts: Homoyenous Subsets
Yean Tone <4 = -45.0 using Duucan Eange iest.
Mean Tone 3 = -24.0 Subset 1: Tone 2
Mean Tone 4 = -22.5 Subset Z: Tone 0; Tone 1;
Mean Tone 5 = -22.2 fone 3
Mean Tone 6 = -20.2 Subset 3: Tone 1; Tone 4,
Mean Overall = -30.8 Tcne 3; Tone 5; Tone o




Pz Amp (Cz)

s e it e o e st e i e

Between Groups o
Within Groups 128
Total 134

M2an Tone 0 = 8.2
Mear Tone 1 = 9.4
Mean Tone 2 = 4.3
Mean Tone 3 = 13.3
Mean Tone 4 = 13.9
Mean Tone 5 = 13.3
fican Toue 6 = J.7
Mean Overall = 9.3
P3 Amp{Cz)
sSource DsFe
Betwzen Groups 0
Within Groups 104
Total 110
Mean Tone 0 = 14.4
Mean Tone 1 = 14,2
Mean Tone 2 = 14.0
Mean Tcone 3 = 2.8
Mean Tone 4 = 13.0
Mean Tone 5 = 16.8
Mean Tone 6 = 13.0

f_

Mean Overall = 13.9

Sum of
Sguares

1121.8
19569.5
20691.3

Sum of
squares

610.7
13655.0
U266.3

3b0

tiean F matio ¥ Prob
sguares
187 0 o2 . 298
152.9
fiean f Ratio F Prob
S5quares
101.8 e 718 «593
131.3



Table D.32

Gneway Analysis of Variance of DCle Data For Tones

RT
Source D.F. Sum of ticean ¥ kratio F Prob
Squares Squares
Betw2en Groups o 473440.0 78906.6 1.04 02
#ithin Groups 113 8545760.0 7562b.2
fotal 119 9019200.0
tiean Tone O = 597.7
¥ean Tone 1 = 614.8
#ean Tone 2 = 791.8
? Mean Tone 3 = 573.0
Mecan Tone 4 = 664.3
Mean Tone 5 = 63%.3
Mean Tone 6 = 0062.5
Mean Overall = 033.4
CNV Amp({Cz) - 3
Source DeFa Sum of Mean © gatio ¥ Prob
Squares Squares
Betwe=2n Groups o 868.7 144.8 <67 . 680
Within Groups 113 Z4581.1 517.5
Total 119 25449.0
Kean Tone 9 = -26.5
tean Tone 1 = —=24.8
Mean Tone 2 = =22.3
Mean Tone 3 = -19.6
M2an Tone 4 = =-27.6
Mean Tone 5 = -23.7
Mean Tone 6 = =34.0
Mean Overall = -25.5
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CNV INT(Cz) - nu

source D.Fa Sum of Kean Ff rRatic F Prop
Squares Squares
Between Groups ) 79653.0 133u8.8 .81 «565
Within Groups 113 1855559.0 16420.9
Total 119 1935412.0
) Mean Tone 0 = -238.1
Mean Tone 1 = —-251.8
Mean Tone 2 = ~1498.6
Mean Tone 3 = -169.4
Mean Tone 4 = =-271.2
Mean Tone 5 = -209.1
YMean Tone 6 = ~-250.5
MYean Overall = -231.1
N1 Amp{Cz)
Source DaF. Sum of hean F katio F Prob
sguares Sguares
Between Groups 6 1158.9 193.2 1.23 .296
Within Groups 109 17126.2 157.1
Total 115 18285.1
Hean Tone 0 = -25.9
itean Tone 1 = -24.1
Yean Tone 2 = —-20.1
Mean Tone 3 = -15.8
Mean Tone 4 = -27.9
fean Tone 5 = =-20.6
tican Tone 6 = -31,0
Mean Overall = -24.8
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P2 Amp{Cys)
source D.F. Su@m oOr Mean F rkatjo F Prob
Squares Squares
Between Groups o 1075.9 180.v0 1.47 .193
Within Groups 107 13065.0 12201
Total 113 1471454
Mean Tone 0 = 15.48
Mean Tone 1 = 1b.0
Mean Tone 2 = 19.6
Mean Tone 3 = 138.38
Mean Tone 4 = 8.3
Mean Tone 5 = 16.9
Mean Tone 6 = 8.0
Mean Overall = 15.7
P3 Amp (Cz)
Source D.F. Sum of Yean F Katio F Proob
Syuares S5quares
Betweean Groups o 380.0 63.3 +bb ~082
Within Groups 93 8887.4 35,6
Total 993 9567 .4
tiean Tone 0 = 15.3
Mean Tone 1 = 18.0
Mean Ton2 2 = 15.9
Mean Tone 3 = 20.0
Mean Tone 4 = 12.4
Mean Tone 5 = 16.0
Mean Tone 6 = 20.0
Mean Overall = 15.8
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Oneway Analysis of Vvariance of 0C18 Data For Tones

RT

source

Betwean Groups

Within Groups

Totai
Mean
Mean
Mean
Mean
Mean
Mean
fiean
Mean

Tone O
Tone 1
Tone 2
Tone 3
Tone 4
Tone 5
Tone b
Overall

L T O TR I T}

CNV Amp{Cz) - N3

Source

Between Groups
Witnin Groups
Total
Mean
Mean
Mean
Mean
Mean
Mean
Mean
Mean

Tone
Tone
Tone
Tone
Tone
Tone
Tone
Qvara

HoH

1}

HOUE WK aC
[ T | I

1l =

b
125
131
792.0
805.8
789.2
620.0
835.9
858.4
702.7

792.9

D. f‘.

6
125
131
-19.1
-16.0
-15. 4
-19.1
-18.0
~26.9
-17.2

-19.0

Sum of
Syuares

351888.0
T9688b64.0
8320752.0

Sum of
Squares

1189.6
30208.2
31455.8

ean F Ratic
Squares
58b48.0 « 92
63750.9
fean ¥ kKatio
Sguares
198 .3 .82
242.1

F Proo

. 4Bl

F Prop

. 559



CNV INT(Cz) - M

i

source

Between Groups
Within Groups
Total
Mean
Mean
Mean Tone
fean
Mean Tone
Mean
Mean
Mean

L T TR TR T I |

Tone

0
1
2
3
)
5
b
Qverall

N1 Amp (Cz)

Source

Betwe=2n Groups

Within Groups

Total
Mean
Mean
Mean
Mean
Mean
Mean
Hean
fiean

Tone 0
Tone 1
Tone 2
Loue 3
fone 4§
Tone 5
Tone 6
Overal

Wononow

1

o

125
131
-202.0
-153.1
-153.06
-149. 4
-162.2
-293.1
-179.5
-153.2

113

119

~22.9
-21.5
-18.2
~-16.8
-23.3
-21.3
-21.0

-21.8

Sum Oof
Squares

216672.0
3802308B.0
4018980.0

sum of
Squares

43b.4
19857.9
20294.4

flean F Ratio
squadares
30112.0 1.19
3041845
rMiean F katio
Sguares
T12.7 <41
175.7

3065

F Prowo

. 317

I Prou



P2 Amp (C2)
Source DeFo
Betwean Groups b
Within Groups 11
Total 118
Mean Tone O = 15.0
Mean Tone 1 = 18.0
Me2an Tone 2 = 12.0
Mean Tone 3 = 26.5
Mean Tone 4 = 1B.0
Mean Tone 5 = 18.5
Mean Tone 6 = 20.7
Mean Overaii = 10.9
P3 Amp (Cg)
sSource D.F.
Between Groups o
Within Gioups 99
Total 105
Mean Tone 0 = 20.38
Mean Tone 1 = 16.68
Mean Tone 2 = 25.¢2
Mean Tone 3 = 21.3
Mean Tone 4 = 23.7
Mean Tone 5 = 21.0
Mean Tone 6 = 21.4
Mean Overall = 9.9

Sum ot
Squares

1139.3
1644064.8
15596.1

sum of
sSgyuares

354.6
15771. 4
16126.0

Mean £ Rratio
Squares
188 . 4 T.40
129.2
“ean F zatio
squares
59.1 «37
159.3

366

¥ pProu

¥ Probp

. 890
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Tavle D.34

Oneway Analysis of Variance of DC19 bata For Tones

KT
Sourcsa D.F. Sum of Mean ¥ matio I Proo
Squares Sguares
BetWween Groups o oub008.u  107501.3 1.55 .168
Witaln Groups 123 8553712.0 69542.3
Total 129 9198720.0
Mean Tone 0 = ov57.1
Mean Tone 1 = 631.1
Mean Tone 2 = 483.9
Mean Tone 3 = 728.6
Mean Tone 4 = 500.5
M=an Tone 5 = 636.9
Mean Tone b6 = 413.4
Mean Overalld = 621.7
CNV Anmp({Cz) - M3
Source DeFe Sum of Mean F kKatio F Proo
squares 5yguares
Betwe=2n Groups 6 1692.4 248241 1.65 «139
Within Groups 123 2100244 171.2
Total 129 22754.8
Mean Tcune 0 = -12.3
M=2an Tone 1 = -10.4
Hean Tone 2 = -7.6
Mean Tones 3 = -14.4
Mean Tone 4 = -11.9
Mean Tone 5 = =22.2
Mean Tone 6 = -7.8
Mean Overall = -12.6
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CNV INT(Cz) - Hu

source Deka Suam of fiean F gatio ¥ Proo
Squares sgquares
. Betwean Groups o 150524.0 25087.3 1. 30 .20
Within Groups 123 23730068.0 19293.2
Total 129 2523592.0
: Mean Tone 0 = -111.1
/ Mean Tone 1 = —-103.4
Mean Tone 2 = =48.4
Mean Tone 3 = -194,.3
Mean Tone 4 = -90.6
Mean Tone 5 = -175.5
Mean Tone 6 = =-122.6
Mean Overall = -114.8
N1 Amp(Cz)
Source D.F. Sum of Mean F xatio F Prob
Sguares Sguares
Between Groups o 935.0 155.8 1.31 <257
Within Groups 116 13797.0 118.9
Total 122 14732.0
Mean Tone 0 = -18.3
Mean Tone 1 = -22.8
liean Tone 2 = =18.5
fiean Tone 3 = -18.7
fean Tone 4 = ~-16.2
Mean Tone 5 = -16.8
Mean Tone 6 = ~-4,.3

Mean Overalli = -18.1




P2 Amp (Cz)

Source

Between Groups

Within Groups

Total
Mean Tone O
Mean Tone 1
Mean Tone 2
Mean Tone 3
Mean Tone 4
Mean Tone 5
Mean Tone 6
fean Overal

T T T T 1 T B 1

1 =

P3 Amp(Cz)

Between Groups

Within Groups

Total
Mean ione
Mean Tone
Mean Tone
#ean Tone
Mean Tone
Mean Tone
Mean Tone
Mean QOvera

i

o Honn

HOUEWN=2O

1 =

6
115
121
2d4.7
15.8
25.8
17.3
2241
25.0
18.3

23.0

Sum of
Squares

1297.3
1700.7.8
T6305.0

sum of
Squares

105<.5
10547.7
11600.3

riean F Ratio
sgaares
216.2 Tl 6
147 .9
hean F katic
Squares
175. 4 1.75
100.5

369

I Prob

- 197

¥ Prob

<117



Table D.35
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Oneway Analysis of Variance of DC20 bata For Tones

gl
gource D
Between Groups
Within Groups 1
Total 1
Mean Tone 0 = 7
Mean Tone 1 = 7
Mean Tone 2 = 7
Mean Teone 3 = 5
Mean Tone 4 = 7
Mean Tone 5 = 8
Mean Tone 6 = B
Mesan QOverall =
CNV amp (Cz) - #3
Source D
Between Groups
Within Groups 1
Total 1
Mean Tone O = -
Mean Tone 1 = -
lean Tone 2 = -
Mean Tone 3 = -
Mean Tone 4§ = -
Mean Tone 5 = -
Mean Tone 6 = =
Mean Overali =

6

08

14

12.3
20,7
76.8
45. 0
73.2
00.8
81.3
7341

»Fe

)

08
14
17.9

-
~J
.

<

16.2
18.5
23.4
23.8
23.3
-19.2

Sum ot
Squares

458128.0
7559520.0
Bu17048.0

Sum of
Sguares

810.1
19919.1
20729.2

Mean F katio
squares
76354 .6 1.09
9992.5
Mean F gatic
Squares
135.90 .73
154.4

F Prob

-373

F Prob

027



CNV INT (Cz) - Mk

Source

Between Groups o

Within

Totadl
Mean
Mean
Mean
Mean
Mean
Mean
fean
Mean

Groups 108

114
Tone 0 = -161.5
Tone 1 = ~-133.2
Tone ¢ = -129.2
Tone 3 = -188.8
Tone 4 = -193.9
Tone 5 = ~210.5
Tone b = -184.3
Qverall = -167.3

N1 Amp(Cz)

Source

Between Groups (¢

Within

Total
Mean
Mean
Mean
Mean
Mean
Fiean
fiean
Mean

Groups 108
114
Tone 0 = -23.9
Tone 1 = -24.2
Tone 2 = =23.0
Ponz 3 = -25.3
Tone 4 = -20.9
Ton2 5 = =-23.5
Tone © = -20.5

Overall = =-23.3

[

Sum of
Sguares

60031.0
223676b6.0
2296797.0

>ulb of
S4uares

185.8
14544.0
14729.8

Mean £ Ratio
Syuares
10005.2 48
20710.8
Mean F xatio
Sguares
31.0 «23
134.7

371

F Prop

841

 Proo

. 965
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P2 Amp{Cz)
Source DeFoa Sua of Mean F ikatio F Prow
squares Squares
betwWween Groups 6 496.7 82.8 .5b .701
Within Groups 1086 15903.1 147.3
Total 114 16399.5
Mean Tone O = 25.4
Mean Tone 1 = 27.7
Mean Tone 2 = 29.4
fiean Tone 3 = 19.2
Mean Tone 4 = 23.5
Mean Tone 5 = 25.6
flean Tone 6 = 24,3
Mean Overalli = ¢5.3
P3 Amp (Cz)
Source b.F. sum of Mean ¥ Ratio F Prob
Syuares Squares
Between Groups 6 1173.3 195.5 1.41 «220
Within Groups Y6 133004 139.2
Total 102 14533.7
Mean Tone 0 = 20.1
lean Tone 1 = 12.7
Mean Tone 2 = 20.0
Mean Tone 3 = 8.4
Mean Tone 4 = 19.H5
Mean Tone 5 = 15.3
Mean Tone o = 23.0
Fean Overall = 1.5
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Table D.30

Oneway Analysis of Variance of DLCZ21 Data For Tones

—_——— ———— e e e e — —

kT
Source L.F. Sum ot Mean I Katio F Prowo
sSguares Sguares
Between Groups o 12729b .0 212164 .10 - 609
Wwithin Groups 94 2b642928.0 28116.3
Total 100 2770224.0
Mean Tone 0 = B80.7
Mean Tone 1 = 942.7
Mean Tone 2 = 895.3
Mean Tone 3 = 921.4
Mean Tone 4 = 917.6
Mean Tone 5 = 915.0
Mean Tone 6 = 763.8
#iean Overall = 892.0
CNV Amp(Cz) - 83
Source DeFa Sum of riean r Ratio F Probpn
Squares Squares
Betweern Groups b 1270.2 211.7 1.28 «273
Within Groups 94 15545.4 165.4
Totai 100 16815.0
Mean Tone 0 = -17.1
Mean Yone 1 = =-16.1
Mean Tone 2 = —-22.5
Mean Tone 3 = -8.9
Mean Tone 4 = -9.8
Mean Tone 5 = -17.5
Mean Toue 6 = -13.8
Mean Overall = -15.9
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CNV INT(Cz) - M4

Source DeFa Sum of Miean F watio F Prowo
Squares Squares
Betwean Groups 6 147779.0 24b29.8 1.21 «310
Within Groups 94 1921560.0 <4421
Total 100 2069339.0
Mean Tone 0 = -218.9
Mean Tone 1 = -224.3
Mean Tone 2 = -26b6.8
Mean Tone 3 = -145.3
Mean Tone 4 = -124.8
Mean Tone 5 = -142.8
Mesan Tone 6 = -164.6
Mean Overalli = -Z21.60
N1 Amp{Cz)
Source D.F. Sum of Mean F ratio F Proo
Squares sgquares
Betwean Groups 6 1649.0 274.8 .18 .053
Within Groups 83 10472.0 126.2
Total 89 12121.0
Mean Tone 0 = -24.6
Mean Tone 1 = -21.2
Mean Tone 2 = =-30.1
Mean Tone 3 = -27.0
Mean Tone & = -22.2
Mean Tone 5 = -16.1
Mean Tone 6 = -12.3
Mean Overall = -23.2




PZz Amp (Cz)

BetwWween Groups

Within Groups

Total
Mean Tone
ti2an Tone
d2an Tone
Mean Tone
Mean Tone
Mean Tons
Mean Tone
Mean Overa

[} Won

o

O U E WK -

1

P3 Amp{Cz)

Between Groups
Within Groups
Total
Mean
Mean
Mean
Mean
Mean
fiean
Mean
Mean

Tone
Tone
Tone
Tone
Tone
Tone
Tone
Overa

oo

TN EC W

0
1
2
3
4
5
o
11

[s TN o

| QY
UOow-=00a &N O

.
L[]
Vo)

wn
[¥%)

R I T R T o
WS EOC AaWm

o
]
U

[ I

L]
CUCT e S

1

Sum ot
syguares

718.4
Y048.1
¥766.5

Sum ot
Sguares

214.4
4674.0
4887 .0

tean I Ratio
Syuares
119.7 1.09
110.3
Mean F Ratio
Squares
jS.q .uo
882

F Prob

378

¥ Propo

.875
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Appendix E
Analysis of Variance and Duncan Multiple Range Test
Summary Tables for Averaged Data Pooled Over:
1) All Ss
2) Males

3) Femades
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Table E.1

Oneway Analysis of Variance For Conditions For
Averaged Data Over All Ss and Electrodes

e : ; -
source D.F. Sum of Mean F Ratio F Prob
Squares Squares
Betvween Groups 2 287.0 143.5 1.53 +215
B Within Groups 645 60348.1 93.6
/' Total 647 60635.1
Mean A1 = -5.7
& Mean A2 = -6.1
o Mean Overall = -6.4
CNY M2
Source D.F. Sum of Mean F Ratio F Prob
s Squares Squares
Between Groups 2 745.4 372.7 7.23 . 001
Within Groups 645 33526.3 51.6
Total 647 34001.7
Mean A1 = -11.5 Significant (p<.05) A Bosteriori
Mean B = -13.4 Contrasts: Hoaogenous Subsets using
Mean 42 = -10.8 Duncan Range Test.
Mean Overali = -11.9 Subset 12 B
Subset 2: Al;A2
CNV M3
Source D.F. sua of Mean F Ratio F Prob
Sqguares Sqaares
Between Groups 2 1555.9 777.9 12.61 . 000
Within Groups 645 39810.3 61.7
Total 647 41366.3
Mean A1 = -11.6 Significant (p<.05) A Posteriori
Mean B = -15.3 Cpntrasts: Homogenous Subsets using
Mean A2 = -12.9 Duncan Range Test.
Mean Overall = -13.3 Subset 1: B

Subset 2: A1;A2
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CNV M4

Source D.F. sum of Mean F Ratio F Prob
Squares Squares

Between Groups 2 11358464.0 5679232.0 6.63 .002

#ithin Groups 645 552694016.0 B856889.9

Total 47
Mean A1 = -1#3.9
Mean B = -172.2
Mean A2 = -144.3
Mean Overall = -153.4

N1 AMPL.

Source D.F.

Betveen Groups 2

Within Groups 645

Total 647
Mean Al = =-1b.7
Mean B = =-168.5
Mean A2 = ~14.7

Mean Overall = -15.9

N1 LAT.

s et s . et e e

Source D.F.

Between Groups 2
Within Groups 645

Total 647
Mean A1 = 141.0
Mean B = 143.4
Mean A2 = 142.3

Mean Overall = 142.2

564052480.0

Significant (p<.05) A Posteriori
Contrasts: Homogenous Subsets using
Duncan Range Test.

Subset 1: B
Subset 2z A1;A2
Sum of Mean F Ratio F Prob
Squares Squares
505.6 252.8 4.65 -.010
35059.3 S4 .4
35564.9

Significant (p<.05) A Posteriori
Cpntrasts: Homogenous Subsets using
Duncan Range Test.

Subset .1:; A1;B

Subset 2: A2

Sum of Mean F Ratio F Probd
Sguares Squares

640.0 320.0 1. 56 .210
132884.0 206.0
133524.0
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P2 AMPL.
Source D.F. sum of Mean F Batio F Prob
Squares Squares
Bet¥een Groups 2 688.0 344.0 6.24 . 002
Within Groups 645 35421. 4% 55.1
Total 647 36109. 4
Hean A1 =12.4 Significant (p<.05) A Posteriori
Mean B =10.1 Contrasts: Homogenous Subsets using
Mean A2 =10.4 Duncan Range Test.
Mean Overall =10.9 Subset 1: B; A2
Subset 2Z2: Al
P2 LAT.
Source D.F. Sum of Mean F Ratio F Prob
Squares Squares
Between Groups 2 1136.0 568.0 1.24 - 291
Within Groups 643 285712.0 459.9
Total 645 296848.0
Mean A1 = 221.7
Mean B = 223.2
Mean A2 = 220.0
Mean Overall = 221.6
P3 AMPL.
Source D.F. Sum of Mean F Ratjo F Prob
Squares Squares
Between Groups 2 820.6 810.3 5.89 .003
Within Groups 622 43271. 4 69.6
Total 624 44091.9
Mean A1 = 9.5 Significant (p<.05) A Rosteriori
Mean B = 6.9 Contrasts: Homogenous Suabsets using
Mean A2 = 7.2 Duncan Range Test.
Mean Overall = 7.9 Subset 1: B;A2

Subset 2: A1l
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P3 LAT.
source D.F. Sum of Mean F Ratio F Prob
Squares Squaares
- Between Groups 2 1824.0 912.0 .21 «815
i Within Groups 622 2751920.0 4424.3
§ Total 624 2753744.0
- Mean Al = 397.2
f Mean B = 393.0
Mean A2 = 394.7

: Mean Overall = 394.9



381

Table E.2

Oneway aAnalysis of Variaace For Electrodes For

Averaged Data Over Ald Ss and Conditions

)

Source

D.F.

Bet¥een Groups 2

Within

Total
Hean
Mean
Mean
Mean

Source

645
647
-9.1
Pz 3.4
Fz -13.4
Overall =

Groups

Cz

]

_6. q

D.¥.

Betveen Groups 2

Within

Total
Mean
Mean
Mean
Mean

CNV 43

Source

645
647
= =15.0
Pz = ~8a1
Fz = -12.6
Overall =

Groups

Cz

—11.9

D.F.

Between Groups 2

Within

Total
Mean
Mean
Mean
Mean

645
647

= -16.6
Pz = -11.4
Fz -11.8
Overall =

Groups

Cz

]

-13.3

Sum of Mean F Ratjo F Prob
Squares Sguares
33073.1 16536.6 386.98 - 000
27561.9 42.7
60635. 1

Significant (p<.05) A Posteriori
Contrasts: Homogenous Subsets using
Duncan Range Test.

Subset 1: Cz

Subset 2: Pz

Subset 3: Fe

Sum of Mean F Ratio F Prob
Squares Sqiares

5240.2 2620.1 58.175 . 000
28761.5 44.6
34001.7

Significaant (p<.05) A Posteriori
Cpntrasts: Homogenous Subsets using
Duncan Range Test.

Subset 1: Cz

Subset 2: Pz

Subset 3: Fz

Sum of Mean F Ratjo F Prob
Squares Squares
3617. 4 1808.4 30.91 - 000
37748.9 58.5
41366.3

Significant (p<.05) A Posteriori
Contrasts: Homogenous Subsets using
Duncan Range fest.

Subset 1: Cz

Subset 2: Pz Fz
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CNV M4
Source D.F. Sum of Mean F BRatjo F Prob
Squares Squares
Between Groups 2 139031040. 69515520.0 105.49 <000
Within Groups 645 425022976.0 658950.3
Total 647 56405248040
Mean Cz = -195.3 Significant (p<.05) A Posteriori
Mean Pz = -88.9 Contrasts: Homogenous Subsets using
Mean Fz = -176.2 Duncan Range fest.
Mean Overall = -153.4 Subset 1: Cz
Subset 2: Pz
Subset 3: Fz
N1 AMPL.
Source D.Fa. Sum of Mean F Ratjo F Prob
Squares Squares
Between Groups 2 4527.6 2263.8 47 .04 - 000
Within Groups 645 31037.3 48.1
Total 647 35564.9
Mean Cz = -19.7 Sjgnificant (p<.05) A Posteriori
Mean Pz = -13.7 Centrasts: Homogenous Subsets using
Mean Fz = -14.6 Duncan Range fest.
Mean Overall = -16.0 Subset 1: Cz
Subset 2: Pz;Fz
N1 LAT.
Source b.F. Sum of Mean F Ratjo F Prob
Squares Squares
Between Groups 2 18189.0 9094.5 50.86 . 000
Within Groups 645 115335.0 178.8
Total b47 133524.0
Mean Cz = 142.4 Significaat (p<.05) A PRosteriori
Mean Pz = 135.7 Contrasts: Homogenous Subsets using
Mean Fz = 148.6 Dancan Range Test,
Mean Overall = 142.2 Subset 1: Cz
Subset 2: Pz

Subset 3: Fz



P2 AMPL.

Source D.F.

Betvween Groups 2

Within Groups 643

Total 645
Mean Cz = 12.0
Mean Pz = 1.8
Mean Fz = 8.0

Mean Overall = 10.94

P2 LAT.

Source D.F.

Between Groups 2

¥ithin Groups 643
Total 645
Mean Cz = 219.9
Mean Pz = 222.6
Mean Fz = 222.5

Mean Overall = 221.86

P3 AMPL.

Source D.F.

Between Groups 2
Within Groups 622

Total 624
Mean Cz = 4.4
Mean Pz = 14.0
Mean Fz = 5.0
Mean Overall = 7.9

383

Sum of Mean F Ratjo F Prob
Sguares squares
2802.7 1401.3 27.05 .000
33306.7 51.8
36189. 4

Significant (p<.05) A PRosteriori
Contrasts: Homogenous HSubsets using
Duncan Range fest.

Subset 1: Caz;Pz

Subset 2: Fz

Sum of Mean F Ratio F Prob
Squares Squares
1040..0 520.0 1.13 « 324
295824.0 460.0
296848.0
Sum of Mean F Ratio F Prob
Squares Squares
12386.7 6.193.3 131.59 <000
31705.3 50.9
44091.9

Significant (p<.05) A gosteriori
Contrasts: Homogenous Subsets using
Duncan Range Test.

Subset 1: Cz;Fz

Subset 2: Pz



P3 LAT.

o ot e e

Source D.F.

Betveen Groups 2

¥ithin Groups 622
Total 624
Mean Cz = 403.6
Mean Pz = 404.0
Mean Fz = 376.8
Mean Overall = 394.9

384

Sum of Mean F Ratjo F Prob
Squares Squares
100352..0 50176.0 11.76 <000
2653488.0 4266.1
2753744.0

Significant (p<.05) A Posteriori

Contrasts: Homogenous Subsets using

Duncan Range Test.
Subset 1: Cz;Pz
Subset 2: Fz
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Tabde E.3

Oneway Analysis of Variaamace For Sex Diff. For
Averaged Data Over All Conas. and Electrodes

. i. ; e

CNV M1
Source D.F. sum of Mean F Ratio F Prob
Squares Squares
Between Groups 1 589.6 589.6 6.34 .012
Within Groups 646 60045.5 92.9
Total 647 60635.1
Mean Male = =-5.7
Mean Female = -5.6
Mean Overall = -6.4
CNV M2
Source D.F. Sum of Mean F Ratjo F Prob
Squares Squares
Betvween Groups 1 6243 624.3 12.13 - 001
Within Groups 646 33377.4 51.b6
Total 647 34001.7
Mean Male = -10.7
Mean Female = -12.7
Mean Overall = -11.9
CNV M3
Source D.F. Sum of Mean F Ratio PF Prob
Squares Sguares
Between Groups 1 1967.4 1967 . 4 32.25 . 000
Within Groups 646 39398.8 60.9
Total 647 41366.3
Mean Male = -11.1
Mean Female = -14.6

Mean Overall = -13.3




CNV M4
Source D.F. Sum of
Sguares
BetWween Groups 1 8655616.0
Within Groups o4b 55538992.0
Total 647 564052480.0
Mean Male = =-139.0
Mean Female = -162.7
Mean Overall = =-153.4
N1 AMPL.
Source D.F. sum of
Sqguares
Between Groups 1 213.3
Within Groups 646 35351.7
Total 647 35564.9
Mean Male = -15.3
Mean Female = -16.4
Mean Overall = -15.9
N1 LAT.
Source D.F. Sum of
sqguares
Between Groups 1 1605.0
Within Groups 646 131920.0
Total 647 133524.0
Mean Male = 44,2
Mean Female = 140.9
Mean Overall = 12,2

386

Mean F Ratjo F Prob
Squares
8655616.0 10.07 .002
859736.8
Mean F Ratio F Prob
Squares
213.3 3.89 - Q46
54.8
Mean F Ratjo F Prob
Squares
204,.2



P2 AMPL.

Source D.F.

Between Groups 1

Within Groups 646
Total 647
Mean Male = 11.3
Mean Female = 10.7

Mean Overall = 10.9
P2 LAT.
source D.F.

Between Groups 1

Within Groups 644
Total 645
Mean Male = 219.5
Mean Female = 223.0

Mean Overall = 221.6
P3 AMPL.
Source D.F.
Between Groups 1
Within Groups 623
Total 624
Mean Male = 7.0
Mean Female = 8.4
Mean Overall = 7.9

387

Sum of Mean F Ratjo F Prob
Squares Squares
49.12 49,12 0.87 «352
36060.3 55.9
36109. 4
Sum of Mean F Ratio F Prob
Squares Squares
1888.04 1888.0 4,15 <041
295648.0 #59.9
297536.0
Sum of Mean F Ratio F Prob
Squares Squares
2727.9 277.9 3.96 . Q45
43814, 1 70.3
44091.9
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P3 LAT.

Source D.F. Sum of Mean F Ratjo F Prob
Squares Squares

Between Groups 1 605520.0 605520.0 175.42 000

Within Groups 623 2150528.0 3451.9

Total 624 2756048.0

Mean Male = 356.2
Mean Female = 419,9
Mean Overall = 394.9




Tabie E.4

Onevway Analysis of Variance For Conditions For
Averaged Data Over All Male Ss and Electrodes

.

CNV M1

e c——————

Source

Between Groups

Within Groups

Total
Mean A1l
Mean B
Mean A2
Mean Overall

[

Source

Between Groups

Within Groups

Total
Mean A1l
Mean B
Mean A2
Mean Overall

o u

Source

BetWween Groups

Within Groups

Total
Mean A1
Mean B
Mean A2
Mean Overall

-6.9
-8.1
-7.8

-10.3
-11.4
-10.7

-12.4
-11.3

Sum of
sSquares

61.8
21103.8
21165. 6

Sum of
Sguares

62.2
9996.8
10058.1

Sum of
Squares

328.7
10687. 4
11036.1

Mean F Ratjo
Squares
30.9 .36
84.7
Mean F Ratio
Squares
31.1 .13
40.1
Mean F Ratijo
Squares

164.4 3.82
42.9

389

F Prob

- 700

F Prob

~4b6b

F Prob

.023



CNV M4

i ————

source D.F. sum of
Sguares
Between Groups 2 1952000.0
Within Groups 249 155226624.0
Total 251 157178624.0
Mean A1 = -127.6
Mean B = -149.1
Mean A2 = -140.1
Mean Overall = -=-139.0
N1 AMPL.
ESEEEE— D.F. Sum of
Squares
Between Groups 2 167.7
Within Groups 249 17621.9
fotal 251 17789.7
Mean A1 = -16.0
Mean B = -15.6
Mean A2 = -14.1
Mean Overall = -15.3
N1 LAT.
Source DeFe sum of
Squares
Between Groups 2 1091.0
Within Groups 249 45327.0
Total 251 46418 .0
Mean A1 = 141.3
Mean B = 145.1
Mean A2 = 14b.2
Mean Overall = 144.2

Mean F Ratjio
Squares
967000.0 1.53
623400.0
Mean F Ratio
Squares
83.9 1.19
70.8
Mean F Ratjo
Squares
545.5 2.98
182.0

390

F Prob

209

F Prob

308

F Prob

- 050
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P2 AMPL.

e e e e 4 .

source D.P. Sum of Mean F Ratio F Prob
Sqguares Squares
Between Groups 2 603.56 301.8 65.68 004
Within Groups 249 13232.8 53.2
Total 251 13836. 3
Mean A1 =13.3 Significant {p<.05) A Posteriori
Mean B =9.5 Contrasts: Homogenous Subsets using
Mean A2 =11.0 Duncan Range Test.
Mean Overall =11.3 Subset 1: B; A2
g Subset 2: A1
P2 LAT.
source D.F. Sun of Measn F Ratio F Prob
Squares Squares
Betvween Groups 2 129.0 64.5 34 .711
¥ithin Groups 249 346094.0 185.1
! Total 251 46223.0
) Mean A1 = 220.3
Mean B = 218.6
Mean A2 = 219.6
Mean Overall = 219.5
P3 AMPL.
Source DeFa Sum of Mean F Eatjo F Prob
Squares Squares
§ Between Groups 2 339.3 169.6 3.66 .027
Within Groups 242 11243. 4 6.3
Total 244 11552.7
Mean A1 = 8.7 Significaat (p<.05) A Posteriori
Mean B = 6.2 Cpntrasts: Hoamogenous Subsets using
Mean A2 = 6.2 Dancan Range Test.
Mean Overall = 7.0 Subset 1: B;A42

Subset 2: A1l




P3 LAT.

Source D.F.

Betvween Groups 2

Within Groups 242
Total 244
Mean A1 = 358.3
Mean B = 354.5
Mean A2 = 354.7

Mean Overall = 356.2

Suam of
Squares

1232.0
203648.0
204880.0

392

Mean F Ratjo F Prob
Squares

616.0 .73 486
841.5
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Table E.5

Oneway Analysis of Variance For Electrodes For
Averaged Data Over All Male Ss and Conditions

CNV M1

- ————

Source

D.F.

Between Groups 2

Within Groups

Total
Mean Cz
Mean Pz
Mean Fz

Mean Overall =

CNV M2

Source

249
251
-10.1

1.5

-.2

-7.6

D.F.

Between Groups 2

Within Groups 249
Total 251
Hean Cz = -14.1
Mean Pz = -7.6
Mean Fz = -10.3
Mean Overall = -10.7
CNV M3
Source D.F.

Between Groups 2

Within Groups 249
Total 251
Mean Cz = -14.8
Mean Pz = -10.0
Mean Fz = -8.4
Mean Overall = -11.1

Sum of Mean F Ratio F Prob
Squares Squares
11212.9 5606.5 140,38 . 000
9952. 6 39.9
21185. 6

significant (p<.05) A Posteriori
Contrasts: Homogenous Subsets using
Duncan Bange Test.

Subset 1: Cz
Subset 2: Pz
Subset 3: Fz
Sum of Mean F Ratio F Prob
Squares Squares
1803.6 901.8 27.26 . 000
8255.4 33.2
10058.9

Significant (p<.05) A Posteriori
Contrasts: Homogenous Subsets using
Dancan Range Test.

Subset 1: Cz
Subset 2: Pz
Suabset 3: Fz
Sum of Mean F BRatio F Prob
Squares Squares
1897.7 48.9 325.91 «000
9118. 4 36.6
11016.1

Significant (p<.05) A posteriori
Contrasts: Homogenous Subsets using
Dencan Range Test.

Subset 1: Cz

Subset Z: Pz;Fz
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CNV N4
Source D.F. Sum of Mean F Ratio P Prob
Squares Squares
Between Groups 2 41625600.0 20812800.0 4Ly4,85 -000
Within Groups 249 115550720.0 464059.1
Total 251 157176320.0
Mean Cz = -183.0 Significant (p<.05) A Posteriori
Mean Pz = -84.9 Cpntrasts: Homogenous Subsets using
Mean Fz = -148.9 Dencan Range Test.
Mean Overall = -138.9 Subset 1: Cz
Subset 2: Pz
Subset 3: Fz
N1 AMPL.
Source D.F. sum of Mean F Ratio F Prob
Squares sqguares
Between Groups 2 2394.3 1197.1 19.44 - 000
Within Groups 249 15395.4 61.8
Total 251 17789.6
Mean Cz = -19.5 Significant (p<.05) A Posteriori
Mean Pz = -13.9 Contrasts: Homogenous Subsets using
Mean Fz = =12.4 Duncan Range fest.
Mean Overall = -15.3 Subset 1: Cz
Subset 2: Pz;Fz
N1 LAT.
Source D.F. Sum of Mean F Ratjo F Prob
Sguares Squares
Between Groups 2 13735.0 6867.5 52.33 . 000
Within Groups 249 32683.0 131.3
Total 251 46418.0
Mean Cz = 144.8 Significant {(p<.05) A Posteriori
Mean Pz = 134.9 Cpntrasts: Homogenous Subsets using
Mean Pz = 152.9 Duncan Range Fest.
Mean Overall = WW4.2 Subset 1: Cz

Subset 2: Pz
Subset 3: Fa



P2 AMPL.

Source D.F.

Between Groups 2

Within Groups 249

Total 251
Mean Cz = 11.4
Mean Pz = 13.6

Mean Fz = 8.8
Mean Overall = 11.3

P2 LAT.

e e s ot e

Source D.F.

Between Groups 2

Within Groups 249
Total 251
Mean Cz = 218.2
Mean Pz = 2189.4
Mean Fz = 220.8

Mean Overall = 219.5

P3 AMPL.

—— . o it e

Source D.F.

Between Groups 2
Within Groups 242

Total 244
Mean Cz = 3.7
Mean Pz = 12.4
Mean Fz = 4.8
Mean Overall = 7.0

395

Sum of Mean F Ratie F Prob
Squares Squares
967.9 483.9 9.36 « 000
12868. 3 51.7
13836.3

Significant (p<.05) A Posteriori
Contrasts: Homogenous Subsets using
Duncan Range Test.

Subset 1: Cz

Subset 2: Pz

Subset 3: Fz

Sum of Mean F Ratio F Prob
Squares Squares
283.0 141.5 - 17 <469
45942.0 184.5
46225.0
Sum of Mean F Ratio F Prob
Squares Squares
3765.6 1882.6 58.59 - 000
7787.4 32.2
11562.7

Significant (p<.05) A Posteriori
Contrasts: Homogenous Subsets using
Duncan Range Test.

Subset 1: Cz Fz

Subset 2: Pz



o

P3 LAT.

Source D.F.

Between Groups 2

Within Groups 242
Total 244
Mean Cz = 356.8
Mean Pz = 354.3
Mean Fz = 357.5

Mean Overall = 356.2

Sum of
Sguares

480.0
204416.0
204896.0

396
Mean F Ratio F pProb
Squares
240.0 «28 « 7150
8hb4.7
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Tabie E.b6

Oneway Analysis of Variance For Conditions For
Averaged Data Over A1l Female Ss and Electrodes

—

Source D.F.

Between Groups 2

Within Groups 393
Total 395
Mean B = -6.8
Mean Overall = =-5.6
CNV M2
Source D.F.

Between Groups 2

Within Groups 393
Total 395
Mean A1 = -12.3
Mean B = -1#.6
Mean A2 = -11.1
Mean Overall = -12.7
CNV M3
Source D.F.

Between Groups 2

Within Groups 393
Total 395
Mean Al = -12.9
Mean B = -17.2
Mean A2 = -13.9
Mean Overall = -14.7

Sum of Mean F Ratio F Prob
Squares Squares
272.1 136.0 1.38 « 250

38607.8 98.3

38879.9
Sum of Mean F Ratio F Prob
Sgqguares - Squaares

838.6 419.3 7.33 . 9001
22479.9 57.2
23318.4

Significamt (p<.05) A PRosteriori
Contrasts: Homogenous Subsets using
Duncan Range Test.

Subset 1: B

Subset 2: Al1;A2
Sum of Hean F Ratio F Prob
Squares Squares
1367.4 683.7 9.95 . 000
27045.3 68.7
28382.7
Sjignificant (p<.05) A Posteriori
Contrasts: Homogenous Subsets using

Dancan Range fTest.
Subset 1: B
Subset 2: A1;A2



CNV M4

source D.F. Sunm of
Squares

Between Groups 2 11922432.0

Within Groups 393

Total 395 398230016.0
Mean Al = -154.2
Mean B = -186.8
Mean A2 = - 146.9

398

Mean F BRatjo P Prob
Squares
5961216.0 6.06 .003

386307584.0 982970.9

Significant (p<.05) A Posteriori
Contrasts: Homogenous Subsets using
Duncan Range Test.

Subset 1: B

Subset 2: Al;A2

Mean F Ratio F Prob

Squares

172.2 3.93 . 020

Significant (p<.05) A Posteriori
Contrasts: Homogenous Subsets using
Duncan Range Test.

Subset 1: A1;B

Subset 2: A2

Mean Overall = -162.7
N1 AMPL.
gourag- D.F. Sum of

Squares

Between Groups 2 344.3
Within Groups 393 17217..7
Total 395 17562 .0

Mean Al = -17.1

Mean B = -17.1

Mean A2 = -15.1

Mean Overall = -16.4
N1 LAT.
Source D.F. sum of

Squares

Between Groups 2 449, 0
Within Groups 393 85049.0
Total 395 85498.0

Mean A1 = 140.8

Mean B = 142.4

Mean A2 = 139.8

Mean Overall = 141.0

Mean F Ratjo F Prob
Squares
224.5 1.04 357
216. 4



399

P2 AMPL.
Source D.F. sum of Mean F Ratio F Prob
' Squares Squares
Between Groups 2 244, 4 122.2 2.17 .113
Within Groups 391 21979.5 56.2
Total 393 22223.9
Mean A1 =11.8
Mean B =10.4
Mean A2 =10.9
Mean Overall =10.9
P2 LAT.
Source D.F. Sum of Mean F Ratio F Prob
Sqguares Squares
Between Groups 2 2336.0 1168.0 1.85 . 156
Within Groups 391 246400.0 $30.2
Total 393 248736.0
Mean A1 = 222.5
Mean B = 246.2
Mean A2 = 220.3
Mean Overall = 223.0
P3 AMPL.
Source D.F. Sum of Hean F Ratio F Prob
Squares Squares
Between Groups 2 482.5 241.2 2.86 . 057
Within Groups 377 31748.9 84.3
Total 379 32281. 4
Mean Al = 9.9
Mean B = 7.4
Mean A2 = 7.8
Kean Overall = B.4




P3 LAT.

o — e s

sSource D.F.

Betveen Groups 2

Within Groups 377
Total 379
Hean A1 = 421.0
Mean B = 417.3
Mean A2 = 421.7

Mean Overall = 420.0

Sum of
Squares

1392.0
1940656.0
194204840

400

Mean F Ratjoe F Prob
Squares

696.0 .13 «B70
5187.6



source
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Table E.7

Oneway Amalysis of Variaace For Electrodes For
Averaged Data Over All Female Ss and Conditioms

D.F.

Betvween Groups 2

Within

Total
Mean
Mean
Mean
Mean

————— — . g

Source

Groups

Cz
Pz
Fz

o

Overall =

393
395
=-8.5

b.b

-13.0

-5.6

D.F.

Betvween Groups 2

Within

Total
Mean
Mean
Mean
Mean

Source

Groups

Cz =
Pz =
Fz =

Overall =

393
395
~-15.6

-8.5

-14.0
-12.7

D.F.

Between Groups 2

Within

Total
Mean
Mean
Mean
Mean

Groups

Cz
Pz
Fz

noHon

Overall =

393
395
-17.7
-12.2
-14.1
-14.7

Sum of Mean F BRatio P Prob
Squares Sqaares
21952.8 10976.4 254.88 «000
16927. 1 43.0
38879.9 ‘

Significant {p<.05) A Pposteriori
Contrasts: Homogenous Bubsets using
Dancan Range Test.

Subset 1: Cz

Subset 2: Pz

Subset 3: Fz

Sum of
Squares

Mean
Squares

F Ratjo F Prob

3652.7
19665.7
23318.4

Significant (p<.05) A Pposteriori
Contrasts: Homogenous Subsets using
Duncan Range fTest.

1826.4
50.9

36.40 . 000

Subset 1: Cz;Fz
Subset 2: Pz
sSum of Mean F Ratio F Prob
Squares Squares
2075.3 1037 .7 15.50 « 8090
26307. 4 66.9
28382.7

Significaat (p<.05) A Posteriori
Cpntrasts: Homogenous Subsets using
Duncan Range Test.

Subset 1: Cz

Subset 2: Pz;Fz
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CNV M4
Source D.F. Sum of Mean F Ratio F Prob
Squares Squares
Between Groups 2 101256960. 50628480.0 66.99 .000
§ithin Groups 393 296974848.0 755661.2
Total 395 398231808.0
Mean Cz = -203.1 Significant (p<.05) A PRosteriori
Mean Pz = -91.4 Contrasts: Homogenous Subsets using
Mean Fz = -193.6 Duncan Range fest.
Mean Overall = -162.7 Subset 1: Cz;Fz
Subset 2: Pa
N1 AMPL.
Source D.F. Sum of Mean F Batjo F Prob
Squares Squares
BetWeen Groups 2 2587.9 1293.9 33.96 - 000
Within Groups 393 149741 38.1
Total 395 17562.0
Mean Cz = -19.8 Significant (p<.05) A Posteriori
Hean Pz = -13.6 Contrasts: Homogenous Subsets using
Mean Fz = -16.0 ) Duncan Range Test.
Mean Overall = -16.4 Subset 1: Cz
Subset 2: Pz
Subset 3: Fg
N1 LAT.
Source D.F. Sum of Mean F Ratjo F Prob
Squares Squares
Between Groups 2 6272.0 3136.0 15.56 - 000
Within Groups 393 79228.0 201.6
Potal 395 85500.0
Mean Cz = 140.8 Significant (p<.05) A Posteriori
Mean Pz = 13b.2 Contrasts: Homogenous Subsets using
Mean Fz = 145.9 Dancan Range Test.
Mean Overall = 141.0 Subset 1: Cz

Subset 2: Pz
Subset 3: Fz




P2 AMPL.

Source D.F.

BetvWeen Groups 2

Within Groups 391
Total 393
Mean Cz = 12.4
Mean Pz = 12.3
Mean Fz = 7.5
Mean Overall = 10.7
P2 LAT.
Source D.F.

Between Groups 2

403

Sum of Mean F Ratio F Prob
Squares Squares
2022.7 1011.4 19.58 . 000
20201.2 51.7
22223.9

Significaat (p<.05) A Posteriori
Contrasts: Homogenous Subsets using
Duncan Range fTest.

Subset 1: Cz;Pz

Subset 2: Fz

Within Groups 391
Total 393
Mean Cz = 220.9
Mean Pz = 224.6
Mean Fz = 223.5
Mean Overall = 223.0
P3 AMPL.
________ D.F.

Source

Between Groups 2

Within Groups 377
Total 379
Mean Cz = 4.8
Mean Pz = 15.1
Mean Fz = 5.1
Mean Overall = 8.4

Sum of Mean F Ratio F Prob
Squares Squares
944.0 472.0 «75 - 480
247792.0 633.7
248736.0
Sum of Mean F Ratjo F Prob
Squares Squares
8766.6 4383.3 70.33 . 000
23494.8 62.3
32261. 4

Significant (p<.05) A Posteriori
Cpntrasts: Homogenous Subsets using
Duncan Range Test.

Subset 13 Cz;Fz

Subset 2: Pz
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P3 LAT.
Source D.F. sua of Mean F Ratio P Prob
Squares Squares
Between Groups 2 162512.0 81256.0 17.21 «300
Within Groups 377 1779520.0 4720.2
Total 379 1942032.0
Mean Cz = 432.1 Significant (p<.05) A Pposteriori
Mean Pz = 436,1 Contrasts: Homogenous Subsets using
Mean Fz = 390.0 Duncan Range Test.
Mean Overall = 420.0 Subset 1: Cz;Pz

Subset 2: Fz



Tabde E.8

Onevay Analysis of Variance For Conditions For

Averaged Fz Data Over A1l Ss

e . e, e ety

Source D.

F.

Between Groups 2

Within Groups 21
Total 21
Mean A1l = -12.9
Mean B = -14.6
Mean A2 = =-12.8

Mean Overall = =
CNV M2
Source D.

Between Groups 2

Within Groups 21
Total 21
Mean A1 = -11.8
Mean B = =-13.7
Mean A2 = -12.2
Mean Overall =

CNV M3
Source D.

Between Groups 2

Within Groups 21
Total 21
Mean Al = -10.6
Mean B = -18.2
Mean A2 = -11.7
Mean Overall =

3
5

13.4

F.

3
5

-12.6

F.

3
5

-11.8

Sum of
Squares

154.0
9370.3
9524.4

Sum of
Squares

151.7
10587.6
10739.3

Sum of
Squares

287.5
14481.2
14738.7

Mean F Ratio
Squares
77.0 1.75
43.9
Mean F Ratio
Squares
75.8 1.62
Mean F Ratio
Squares
118.7 1.75
67.9

405

F Prob

<174

¥ Prob

<218

F Prob

- 175



CNV M4
ESE;EE D.F. Sum of Mean P Ratio
Squares Squares
Between Groups 2 2655232.0 1327616.0 1.87
¥ithin Groups 213 151310848.0 710379.6
Total 215 153966080.0
Mean A1 = -1b65.1
Mean B = -191.3
Mean A2 = -172.1
Mean Overall = =176.2
N1 AMPL.
Source D.F. Sum of Mean F Ratio
Squares Sqaares
Between Groups 2 161.3 80.7 1.84
Within Groups 213 3346.06 43.9
Total 215 9507.9
Mean A1 = -15.2
Mean B = -15.2
Mean A2 = -13.4
Mean Overall = -14.6
N1 LAT.
Ssource D.F. sum of Mean F Ratio
Squares Squares
Between Groups 2 576.0 288.0 1..13
Within Groaps 213 54519.0 255.9
Total 215 55095.0
Mean A1 = 14b.4
Mean B = 149.5
Mean A2 = 150.0

Mean Overall = 148.6

406

F Prob

« 154

F Prob

. 159

F Prob

- 327



P2 AMPL.

P e

source

Between Groups 2

Within Groups 211
Total 213
Mean A1 =9.6
Mean B =7.2
Mean A2 =7.3
Mean Overall =8.0
P2 LAT.
Source D.F.

Between Groups 2

Within Groups 211
Total 213
Mean A1 = 222.2
Mean B = 223.2
Mean A2 = 222.0
Hean Overall = 222.5
P3 AMPL.
Source D.F.

Between Groups 2

Within Groups 202
Total 204
Mean A1 = 6.5
Mean B = 4.3
Mean A2 = 4.9
Mean Overall = 4.9

Sum of
Squares

268.0
11883.8
12161.8

S5um of
Squares

58.0
88494..0
88552.0

Sur of
Squares

263.0
11510.5
11733.5

407

Mean F Ratio F Prob
Squares
134.0 2.38 .093
563
Mean F Ratjo F Prob
Squaares
29.0 - 07 - 924
419.4
Mean F Ratio F Prob
Squares
131.5 2.31 . 100
56.9



Source D.F.

Between Groups 2

Within Groups 202
Total 204
Mean Al = 382.5
Mean B = 379.3
Mean A2 = 377.8

Mean Overall = 376.8

Sum of
Squares

5200.0
590768.0
595968.0

408

Mean F Ratjo F Prob
Squares

2600.0 -89 «#15
2924,.6
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Table E.9

Onevay Analysis of Variance For Conditions For
Averaged Cz Data Over 41ll Ss

Source D.F.

Between Groups 2

Within Groups 213
Total 215
Mean A1 = -8.1
Mean B = -10.5
Mean A2 = -8.8
Mean Overall = -9.1
CNV M2
Source D.F.

Between Groups 2

Within Groups 213
Total 215
Mean A1 = -14.4
Mean B = -17.0
Mean A2 = -13.6
Mean Qverall = =-15.0
CNV M3
Source D.F.

Between Groups 2

Within Groups 213
Total 215
Mean A1 = -14.3
Mean B = -13.3
Mean A2 = —-16.2
Mean Overall = -16.6

Sum of Mean F Ratjo F Prob
Squares Squares
214.8 107.4 2.52 . 081
9083.1 42.7
9397.8
Sum of Mean F Ratjo F Prob
Sguares Squares
451. 4 225.3 4.91 .008
9783.5 45.9
10234.9

Significant (p<.05) A Posteriori
Contrasts: Homogenous Subsets using
Duncan Range fest.

Subset 3: B

~Subset 2: Al;A2

Sum of Mean F kKatio F Prob
Squares Squares
925.6 462.8 7.53 .001
13092.2 61.7
14017.8

Significant (p<.05) A Posteriori
Contrasts: Homogenous Subsets using
Duancan EHange Test.

Subset 1: B

Subset 2: A1;A2
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Mean F Batjo F Prob
Squares
3620736.0 5.15 «007
701875.1

Significant (p<.05) A Posteriori
Contrasts: Homogenous Subsets using
Duncan BRange Test.

Subset 1: B

Subset 2: A1;A2

CHV M4
Source D.F. sum of
Squares
Between Groups 2 7241472.0
Within Groups 213 149499392.0
Total 215 156740864.0
Mean A1 = -181.1
Mean B = -221.1
Mean A2 = -183.5
Mean Overall = -195.2
N1 AMPL.
Source D.F. Sum of
Squares
Between Groups 2 318.7
Within Groups 213 11419.6
Total 215 11738.3
Mean A1 = -20.6
Mean B = -20.5
Mean A2 = -17.9
Mean Overall = -19.7
N1 LaAT.
Source D.F. Sum of
Squares
Between Groups 2 135.0
Within Groups 213 21411.0
Total - 215 21546.0
Mean A1 = 1i81.8
Mean B = 143.4
Mean A2 = 141.8

Mean Overall = 142.4

Mean F Ratjo F Prob
Squares
159.38 2.97 . 052
53.6
Mean F Ratio F Prob
Squares
67.5 b «D17
100.5
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P2 AMPL.

P ]

'Asource D.F. Sumr of Mean F Ratjo F Prob
: Squares Squares

# petveen Groups 2 314.6 157.3 2.84 .059

# Wwithin Groups 213 11784. 4 55.3

§ Total 215 12098.9
i Mean A1 =13.b

Mean B =10.7

Mean A2 =11.56

Mean Overall =11.9

P2 LAT.
il source D.E. sum of Mean F Ratio F Prob
Squares Squares

| Between Groups 2 194.0 97.90 .28 . 757

f Within Groups 213 72882.0 342.2

1 Total 215 73076.0

; Mean A1 = 220.3

3 Mean B = 220.8

. Mean A2 = 218.5

| Mean Overall = 219.9

’

§|P3 AMPL.

|Source D.F. Sum of Mean F Batjo F Prob

Squares Squaares

4 Between Groups 2 410.7 205. 4 4.87 .009

f within Groups 203 8561.2 42.2

1Total 205 8971.9
Mean A1 = 6.2 Significant (p<.05) A Posteriori
Mean B = 2.9 Cpntrasts: Homogenous Subsets using
Mean A2 = 3.9 Duncan Range Test. '
Hean Overall = 4.4 Subset 1: B;A2

Subset 2: A1l




P3 LAT.

> ——— ———

Source D.F.

Between Groups 2

Within Groups 203
Total 205
Mean A1 = 403.5
Mean B = 402.4
Mean A2 = 404,.7

Mean Overall = 403.6

Sua of
Sguares

176.0
1007248.0
1007424.0

Mean
Squares

88.0
44961.8

412

F BRatjo F Prob

.02 « 970
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Table E.10

Oneway Analysis of Variance For Conditions For
Averaged Pz Data Over All Ss

e e s s e s

Source

D.F.

BetwWeen Groups 2

Within

Total
Mean
Mean
Mean
Mean

CNV N2

e e e v v

Source

Groups 213
215

A1 = 3.8

B = 3.2

A2 = 3.1

Overall = 3.4
D.F.

Between Groups 2

Within Groups 213
Total 215

Mean A1 = =-8.4

Mean B = -9.4

Mean A2 = -6.7

Bean Overall = -8.19
CNV M3
Source D.F.
Between Groups 2
Within Groups 213
Total 215

Mean A1 = -9.9

Mean B = -13.5

.Mean A2 = -10.7

Mean Overall = -11.4

Sum of Mean F Ratjo F Prob
Squares Squares
22.1 11.1 «27 - 76b
8707.6 40.9
8729.8
Sum of Mean F Ratio F Prob
Squares Squares
260.9 130. 4 3.68 - 026
7526 .4 35.3
7787 .3

Significant (p<.05) A Posteriori
Cpntrasts: Homogepous Subsets using
Duncan Range Test.

Subset 1: B;A1
Subset 2: Al1;A2
Sum of Kean F Ratio F Prob
Squares Squares ‘
518.8 259.4 6.51 .002
8493.6 39.9
9042. 4
Significant (p<.05) A Posteriori

Cpntrasts: Homogenous Bubsets using
Dancan Range Test.

Subset 1: B

Subset 2: A1;AZ2



CNV N4
ESEEEE D.F. Sunm of
Sguares
Between Groups 2 2722976.0
within Groups 213 111614096.0
Total 215 114337072.0
Mean A1 = -85.3
Mean B = -104.0
Mean A2 = -77.1
Mean Overall = -88.8
N1 AHMPL.
ESGEEE— D.F. Sum of
Sguares
Between Groups 2 79.4
#ithin Groups 213 9711.6
Total 215 9790.9
Mean Al = -1d4.4
Mean B = -13.8
Mean A2 = =-12.9
Mean Overall = -13.7
N1 LAT.
Source D.F. Sua of
Sqguares
Between Groups 2 270.0
Within Groups 213 38431, 0
Total : 215 38701.0
Mean A1 = 134.9
Mean B = 137.3
Mean A2 = 134.9
Mean Overall = 135.8

Mean F Ratio
Squares
1361488.0 2.59
524009.8
Mean F Ratio
Sguares
389.0 .87
45.6
Mean F Ratio
squares
135.0 «75
180. 4

414

¥ Prob

«075

F Prob

<423

F Prob

« 479



P2 AMPL.
EEE;Ee D.F. Sum of
Sguares
Between Groups 2 147. 4
Within Groups 213 8908. 4
Totadl 215 9055.8
Mean A1 =13.9
Mean B =12.3
Mean A2 =12.2
Mean QOverall =12.8
P2 LAT.
Source D.Fe. Sum of
Squares
Between Groups 2 1396.0
Within Groups 213 132792.0
Total 215 134188.0
Mean A1 = 222.5
Mean B = 225.7
Mean A2 = 219.4
Mean Overall = 222.6
P3 AMPL.
Source D.F. Sum of
Squares
Between Groups 2 228.5
Within Groups 211 10731. 4
Total 213 10959.8
Mean A1 = 15.5
Mean B = 13.5
Mean A2 = 13.1

Mean Overall = 14.0

Mean F Ratio
Squares
73.7 1.76
41.8
Mean F Ratijo
Squares
6898.0 1.12
623 .4
Mean F Ratjo
Squares
114.2 2.24
50.8

415

F Prob

<172

F Prob

329

F Prob

- 106



P3 LAT.

e s i i, s

sSource D.F.

Between Groups 2

Within Groups 211
Total 213
Mean A1 = 404.9
Mean B = 405.8
Mean A2 = 401.3

Mean Overall = 404.0

Sum of
Squares

816.0
1048640.0
1049456.0

416

Mean F BRatjo F Prob
Squares

498.0 .08 914
4969,.9



Tabde E.11

Oneway Analysis of Variance For Conditions For
Averaged Fz Data Ower All Males Ss

cNV M1
Source D.F. Sum of
Squares
Betvween Groups 2 18.0
§ithin Groups 81 4142.3
Total 83 4160.3
Mean A1 = -13.5
Mean B = -14.5
Mean A2 = -14.5
Mean Overall = ~14.2
CNV M2
Source D.F. Sum of
Squares
. Between Groups 2 27.7
Hithin Groups 81 2802.6
Total 83 2830.3
Mean A1 = -9.6
Mean B = -10.1
Mean A2 = -11.1
Hean Overall = -10.3
CNV N3
Source D.F. Sum of
Squares
Between Groups 2 37.9
Within Groups 81 3539.8
Total 83 3577.5
Mean A1 = -7.5
Mean B = -9.1
Mean A2 = -8.6
Mean Overall = -8.4

Mean F Ratio
Squares
9.0 .18
51.1
Mean F Ratjo
Squares
13.9 + 40
34.6
Mean P Ratio
Squares
18-9 .“3
43.7

417

F Prob

.838

F Prob

0577

F.Erob

«655
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CNV M4
ESEEEE D.F. Sum of Mean F Ratio F Prob
Squares Squares
Between Groups 2 770864.0 385432.0 <77 470
§ithin Groups 81 40496896.0 385432.0
Total 83 41267760.0
Mean A1 = -136.3
Mean B = -150.8
Mean A2 = -159.5
Mean Overall = -148.9
N1 AMPL.
Source D.F. Sum of Mean F Ratio F Prob
Squares Squares
Between Groups 2 25.5 12.8 20 .816
Within Groups 81 5062.7 62.5
Total 8317 5088.2
Mean A1 = -12.6
Mean B = =-12.9
Mean A2 = =-11.6
Mean Overall = -12.4
N1 LAT.
Source DeFe Sum of Mean F Ratjo PF Prob
Squares Squares
Between Groups 2 1154.0 577.0 2.48 . 094
¥ithin Groups 81 19400.0 239.5
Total 83 20554.0
Mean A1 = 148.5
Mean B = 152.6
Mean A2 = 157.6

Mean Overall = 152.9
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P2 AMPL.
ESE;EE—— D.F. Sua of Mean F Ratio P Prob
Squares Squares
Between Groups 2 391.9 195.9 3.68 - 029
Within Groups 81 5313.1 53.2
Total 83 4704.9
Mean A1 =11.9 Significant ¢(p<.05) A Posteriori
Mean B =7.1 Contrasts: Homogenous Subsets using
Mean A2 =7.5 Duncan Range Test.
Mean Overall =8.8 Subset 1: B; A2
Subset 2: Al
P2 LAT.
Source D.F. Sum of Mean F Ratjo F Prob
Squares Squares
Between Groups 2 77.0 38.5 <156 . 853
Within Groups 81 19937.0 246.1
Total 83 20014.0
Mean A1 = 222.1
Mean B = 220.6
Mean A2 = 219.8
Mean Overall = 220.8
P3 AMPL.
Source D.F. sum of Mean F Ratio F Prob
Squares Squares
Between Groups 2 63.8 31.9 «93 . 401
Within Groups 80 2741. 4 34.3
Total 82 2865.2
Mean A1 = 6.9
Mean B = 4.4
Mean A2 = 3.9
Mean Overall = 4.8




P3 LAT.

P

Source D.F.

Between Groups 2

Within Groups 80
Total 82
Mean A1 = 362.1
Mean B = 357.8
Mean A2 = 352.7

Mean Overall = 357.5

sum of
Squares

1201.0
52362.0
53563.0

420

Mean F BRatjo F Prob
Squares

600.5 .92 W06
654.5
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Table E.12

Oneway Analysis of Variance For Conditions For
Averaged Cz Data Ower All Male Ss

CNV M1
Source D.F. Sum of Mean F Ratio F Prob
Sguares squares
Between Groups 2 45.0 22.5 Y 649
Within Groups 81 4124.5 50.7
Total 83 4169.6
Mean A1 = -9.1
Mean B = -10.8
Mean A2 = -10.4
Mean Overall = -10.1
CNV M2
Source D.F. Sum of Mean F Ratio F Prob
Squares Squares
Betweean Groups 2 48.6 24.3 « 59 +«558
Within Groups 81 3294.2 40.6
Total 83 3342.8
Mean A1 = -13.8
Mean B = -15.2
Mean A2 = -13.4
Mean Overall = -=14.1
CNV M3
Source D.F. sum of Mean F Ratio F Prob
Squares Sguares
Between Groups 2 184. 1 92.90 2.18 <117
Within Groups 81 3420.9 42,2
Total 83 3604.9
Mean A1l = -12.8
Mean B = -16.3
Mean A2 = -15.4
Mean Overall = -14.8
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CNV M4
Source D.F. sum of Mean F Ratio F Prob
Squares Squares
Between Groups 2 1061888.0 530944.0 «85 +433
Within Groups 81 50483200.0 623249.4
Total 83 51545088.0
Mean A1 = -169.3
Mean B = -196.9
Mean A2 = ~182.6
Mean Overall = -183.0
¥1 AMPL.
Source D.F. Sum of Mean F Ratjo F Prob
Squares Squares
Between Groups 2 82.9 41.% .64 .535
#ithin Groups 81 5253.9 64.9
Total 83 5336.8
Mean A1 = ~-20.3
Mean B = -20.,2
Mean A2 = -18.1
Mean Overall = -19.5
N1 LAT.
: Source D.F. Sum of Mean F Ratio F Prob
h Sqguares Squares
| Between Groups 2 186.0 93.0 1.58  .221
Within Groups 81 4925.0 60.8
4 Total 83 5111.0
* Mean A1 = 142.8
Mean B = 14b.4
Mean A2 = M45.2

Mean Overall = 144.8




P2 AMPL.

e e s e s

j Source

# petween Groups 2
§ Within Groups 81
Total 83

Mean Al =13.1
Mean B =9.3
Mean A2 =11.8
Mean Overall =11.4
P2 LAT.
source D.F.

Between Groups 2

Within Groups 81
Total 83
Mean A1 = 219.6
Mean B = 217.0
Mean A2 = 218.1
Mean Overall = 218.2
P3 ANPL.
Source D.F.

Between Groups 2
Within Groups 75
Total 77

Mean A1 = 5.9
Mean B = 2.7
HMean A2 = 2.3
Mean Overall = 3.7

Sua of
Squares

213.6
4958. 4
5172.0

Sum of
Squares

89.0
13619.0
13699.0

Sum of
sqguares

<00.9
2688.7
2688.7

423

Mean F Ratijo F Prob
squares
106.8 1.74 «179
61.2
Mean F Ratjoe F Prob
Squares
44 .5 <26 371
168.0
Mean F Ratio F Prob
squares
100.5 2.80 - 065
35.8



source

Total

Mean
Mean
Mean
Mean

e o e .

Squares

Bet¥een Groups
Wwithin Groups 70452.0

70884.0

[ TI]

Overall

424

Mean F Ratio F Prob
Squares
216.0 23 197
939.4



Table E

«13

Oneway Analysis of Variance For Conditions For
Averaged Pz Data Ower All Male Ss
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CNV M1
Source D.F. sum of Mean F Ratio F Prob
Squares Squares
Between Groups 2 7.9 3.9 .18 . 822
Within Groups 81 1624.9 20.1
Total 83 1632.8
Mean A1 = 1.9
Mean B = 1.2
Mean A2 = 1.5
Mean Overall = 1.5
CNV M2
Source D.F. Sum of Mean F Ratio F Prob
Sqguares Sguares
Between Groups 2 80.9 40.4 1.63 . 189
Within Groups 81 2001.4 24.7
Total 83 2082.2
Mean A1 = =-7.5
Mean B = -8.6
Mean A2 = -6.5
Mean Overall = -7.6
CNV M3
Source D.F. Sum of Mean F Ratio F Prob
Squares Sguares
Between Groups 2 145.2 72.6 3.28 - 841
Within Groups 81 1790.6 22.1
Total 83 1935.8
Mean A1 = -8.5 Significant {p<.05) A PBosteriori
Mean B = -11.7 Contrasts: Homogenous Subsets using
¥ean A2 = -9.9 Duncan Range fTest.
Mean Overall = -10.4 Subset 1: B;A2
Subset 2: Al1;A2




CHV M4

Source D.F. Sum of
Squares
petvween Groups 2 890048.0
githin Groups 81 21850064.0
rotal 837 22740112.0
Mean A1 = =-77.2
Mean B = =-99.5
Mean A2 = -78.1
Mean Overall = -84.9
N1 AMPL.
source D.F. Sum of
Squares
Between Groups 2 93.4
gwWithin Groups 81 4876.8
Total 83 4970.3
Mean A1 = -15,2
Mean B = -13.7
Mean A2 = -12.0
Mean Overall = -13.9
¥1 LAT.
Source D.F. Sum of
Squares
Betweean Groups 2 232.0
Within Groups 81 6741.0
Total 83 6973.0
Mean A1 = 132.5
Mean B = 13b6.3
Mean A2 = 135.7
Mean Overall = 134.9

Mean
Sgmares

445024.0
269753.9

Mean
Sguares

46.7
60.2

Mean
Squares

116.0
83.2

F Ratjo

1.65

F Ratjo

.17

F Ratio

1.39

k2o

F Prob

- 197

F Prob

~467

F Prob

«253



P2 AMPL.

D.F.

Between Groups 2

Within Groups 81
Total 83
Mean Al =14.9
Mean B =12.2
Mean A2 =13.8
Mean Overall =13.6

Source D.F.

Between Groups 2

Withino Groups 81
Total 83
Mean A1 = 219.4
Mean B = 218.1
Mean A2 = 220.8
Mean Overall = 219.4
P3 AMPL.
Source D.F.

Between Groups 2
Within Groups 81

Total 83
Mean A1 = 14.0
Mean B = 11.5
Mean A2 = 11.8

Mean Overall = 12.4

Sum of
Squares

101.8
2889.5
2991.3

Sum of
Sguares

104.0
12125.0
12229.0

Sum of
Squares

109.9
1982.6
2092.6

k27

Mean F Ratio F Prob
Squares
50.9 T.42 <245
35.7
Mean F Ratio F Prob
Squares
52.0 «35 « 712
149.7
Mean Ff Ratjo F Prob
Sguares
54.9 2. 25 110
24.5
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P3 LAT.
Source D.F. Sum of Mean F Ratjo F Prob
Squares Squares
Between Groups 2 302.0 191.0 .15 « 856
Within Groups = 81 79606.0 982.8
Total 83 79908.0
Mean A1 = 356.5
Mean B = 351.9
Mean AZ = 354.6

Mean Overall = 354.4




Tabdie E. 14

Oneway Analysis of Variamce For Conditioas For
Averaged Fz Data Over All Female Ss

Source De

Between Groups 2

Within Groups 12
Total 13
Mean A1 = -12.5
Mean B = -1#.7
Mean A2 = -11.7

Mean Overall = -
CNV M2
Source D.

Between Groups 2

Within Groups 12
Total 131
Mean A1 = -13.1
Mean B = =-16.0
Mean A2 = -12.8
Mean Overall =

CNV M3
Source D.

Between Groups 2

Within Groups 12
Total 13
Mean A1 = ~12.6
Mean B = =-15.8
Mean A2 = -13.7
Mean Overall =

F. Sum of
Squares
206.6
9 5081.3
1 5287.9
12.9
Fa. Sum of
Squares
277.7
9 6945, 2
722249
_13.9
F. Sum of
Squares
248.6
9 9263.9
1 9482.6
-14.1

Mean F Ratio
Squares
103.3 2.62
39.4
Mean F Ratio
sSquares
138.9 2.58
53.8
Mean F BRatio
Squares
114.3 "1.58
71.7

429

F Prob

«075

F Prob

.078

F Prob

« 205



Source

Between Groups 2
Within Groups

Total
Mean Al =
Mean B =
Mean A2 =

Mean Overall =

N1 AMPL.

Source

Between Groups 2
Within Groups

Total
Mean A1l
Mean B
Mean A2

Mean Overall =

N1 LAT.

Source

Between Groups 2
Within Groaps

Total
Mean A1l
Mean B
Mean A2

o

Mean Overall =

D.F. Sum of Mean F Eatio
Squares Squares
3681024.0 1840512.0 2.40
129 98790400.0 765817.0
131 102471424.0
-183.4
-217.0
-180.1
-193.5
D.F. Sum of Mean F Ratio
Squares Squares
152.2 76.1 2.72
129 3606.8 27.9
131 3758.9
-16.8
-1b.b6
-t4.4
-15.9
D.F. Sum of Mean F Ratio
Squares Squares
191.0 95.5 .39
129 31841.0 246.0
131 32032.0
144.9
147.6
145.2
145.9

430

P Prob

.092

F Prob

- 068

F Prob

- 685



P2 AMPL.
ESEEEe D.F. Sum of
‘ Squares
Between Groups 2 26.9
Within Groups 127 7327.6
Total 129 7354.5
Mean A1 =8.1
Mean B =7.2
Mean A2 =7.2
Mean Overall =7.5
P2 LAT.
ESE;EE- D.F. Sum of
Sgquares
Between Groups 2 158.0
Within Groups 127 68003.0
Total 129 #48161.0
Mean A1 = 222.2
Mean B = 224.8
Mean A2 = 223.5
Mean Overall = 223.5
P3 AMPL.
556555-_ D.F. Sum of
Squares
Betvween Groups 2 287.5
Within Groups 119 8765. 6
Total 121 8963.2
Mean A1 = 6.9
Mean B = 4.2
Mean A2 = 8.1

Mean Overall = 5.1

Mean F Ratio
Sguares
13.5 «23
57.7
Mean F Ratjio
Sgquares
79.0 «15
535.5
Mean F Ratjo
Squares

103.8 1.41
13.b6

431

F Prob

794

F Prob

« 860

F Prob

. 247



o —r o o

Betveen Groups
Wwithin Groups

Mean A1l

Mean A2
Mean Overall

Sum of
Sguares

8112.0
48208040
490192.0

432

Mean F Ratjo F Prob
Sqguares

4056.0 1.00 «372
4051.1
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Tabde E.15

Oneway Analysis of Variance For Conditions Fox
Averaged Cz Data Over All Female Ss

. j

CNV M1
Source D.F. Sum of Mean F Ratio P Prob
Squares Sguares
Between Groups 2 202.0 101.0 2.71 . 069
Within Groups 129 4810.9 37.3
Total 131 5032.9
Mean A1 = -7.5
Mean B = -10.3
Mean Overall = -8.5
CNV N2
Source D.F. sum of Mean F Ratio F Prob
Squares Squares
Between Groups 2 468.4 234,.2 4.78 <010
Within Groups 129 6311.3 48.9
Total 13 6779.7
Mean A1 = -14.9 Significaat (p<.05) A Rosteriori
Mean B = -18.2 Contrasts: Homogenous Subsets using
Mean A2 = -13.7 Duncan Range Test.
Mean Overall = -15.56 Subset 1: B
Subset 2: A1;A2
CNV M3
Source D.F. Sum of Mean F Ratio F Prob
Squares Squares
Between Groups 2 854. 1 427.0 6.03 .003
Within Groups 129 9134. 6 70.8
Total 13 9988.06
Mean A1 = -15.2 Sjgnificant (p<.05) A Posteriori
Mean B = -21.2 Cpntrasts: Homogenous Subsets using
Mean A2 = -16.7 Duncan Range fest.
¥ean Overall = -17.7 Subset 1: B

Subset 2: A1;A2




434

CNV M4
ESE;EE D.F. Sum of Mean F Ratjo F Prob
Squares Squares
Between Groups 2 7427072.0 3713536.0 5.06 - 008
Within Groups 129 95702528.0 741880.0
Total 131 103129600.0
Mean A1 = =-188.5 Significant (p<.05) A posteriori
Mean B = -236.5 Contrasts: Homogenous Subsets using
Mean A2 = -184.3 Duncan Range Test.
Mean Overall = -203.1 Subset 1: B
Subset 2: Al;A2
N1 AMPL.
source D.F. Sum of Mean F Ratio ¥ Prob
Sguares Squares
BetWeen Groups 2 242.5 121.2 2.54 - 081
Within Groups 129 6156.2 47.7
Total 131 6398.7
Mean A1 = -20.7
Mean B = -28.7
Mean A2 = -17.9
Mean Overall = -19.8
K1 LAT.
Source D.F. Sum of Mean F Ratio F Prob
Squares Squares
Between Groups 2 82.0 41.0 <34 -716
Within Groups 129 15505.0 120.0
Total 131 15587.0
Mean A1 = 141.0
Mean B = 1441.5
Mean A2 = 139.7

Mean Overall = 140.8
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P2 AMPL.
Source D.F. Sum of Mean F Batio F Prob
Squares Squares
Between Groups 2 157.8 78.9 1.51 «222
¥ithin Groups 129 6720.7 52.1
Total 131 6878.5
Mean A1 =13.9
Mean B =11.b
Mean AZ =11.5
Mean Overall =12.4
P2 LAT.
§SEEEE— D.F. Sum of Mean F Ratjo F Prob
Squares Squares
Between Groups 2 406.0 203.49 + 45 - 646
Within Groups 129 5859520 454,2
Total 131 59001.0
Mean A1 = 220.7
Mean B = 223.2
Mean A2 = 218.8
Mean Overall = 220.9
P3 AMPL.
Source D.F. Sum of Mean F BRatjo F Prob
Squares Squares
fl Between Groups 2 260.3 130.2 2.83 .061
® Within Groups 125 5757.8 46.1
1 Total 127 6048.1
Mean A1 = 6.5
Mean B = 3.9
Mean A2 = 4.9
Mean Overall = 4.8




source D.F.

Between Groups 2

Within Groups 125
Total 127
Mean Al = 430.6
Mean B = 431.4
Mean A2 = 434.5

Mean Overall = 432.1

Sug of
Squares

368.0
661440.0
661808.0

436

Mean F Ratio F Prob
Squares

184.0 .03 <954
5291.5



Table E.16

Oneway Analysis of Variance For Conditions For
Averaged Pz Data Ower All Pemale Ss

437

CNV M1
Source D.F. Sum of Mean F Ratjo F Prob
Squares Squares
Between Groups 2 19.3 9.6 .19 .828
Within Groups 129 6606.9 51.2
Total 131 662642
Mean A1 = 5.1
Mean B = 4.5
Mean A2 = 4.1
Mean Overall = 4.6
CNV M2
Source D.F. Sum of Mean F Ratio F Prob
Squares Squares
BetwWeen Groups 2 189.9 94.9 2.24 <109
Within Groups 129 5663.1 2.4
Total 131 5663.0
Mean Al = -8.9
Mean B = -9,7
Mean A2 = -6.8
Mean Overall = =-8.5
CNV M3
Source D.F. sum of Mean F Ratjo F Prob
Squares Squares
Between Groups 2 398.5 199.2 3.99 «020
Within Groups 129 6437.1 49.9
Total 131 6836.0
Mean A1 = -10.8 Significant (p<.05) A Posteriori
Mean B = -18.6 Contrasts: Homogenous Subsets using
Mean A2 = -11.2 Duncan Range fTest.
Mean Overall = -12.2 Subset 1: B

Subset 2: A1;A2
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CNV N4
Source D.F. Sum of Mean F Ratio F Prob
Squares Squares
] Between Groups 2 2026144, 0 1013072.0 1.46 <234
{ ¥ithin Groups 129 89359936.0 $92712.6
1 Total 131 91386080.0
; Mean A1 = -90.5
Mean A2 = =-76.5
Mean Overall = -91.3
' # N1 ANMPL.
| Source D.F. Sum of Mean F Ratjo F Prob
% Sgquares Squares
Between Groups 2 18.0 9.0 24 - 187
Within Groups 129 4798.3 37.2
Total 131 4816.4
Mean B = -13.8
Mean a2 = -13.0
Mean Overall = -13.5
N1 LAT,
Source D.F. Sum of Mean F Batjo F Prob
Squares Squares
Betvween Groups 2 270..0 135.0 «56 .581
Within Groups 129 ‘ 31351 0 243.0
Total 131 31621.0
Mean A1 = 136.3
Mean B = 137.8
Mean A2 = 134.4

Mean Overall = 136.2



P2 AMPL.

P

source DeFe

Between Groups 2

Wwithin Groups 129
Total 131
Mean A1 =13.4&
Mean B =12.3

Mean A2 =11.1
Mean Overall =12.3

Source D.F.

Between Groups 2

fithin Groups 129
Total 131
Mean A1 = 224.6
Mean B = 230.5
Mean A2 = 218.6

Mean Overall =
P3 AMPL.
Source D.F.

Between Groups 2

Within Groups 127

Total 129
Mean A1 = 16.4
Mean B = 14.8
Mean A2 = 13.9
Mean Overall = 15.1

P3 LAT.

Source D.F.

Between Groups 2

Within Groups 127
Total 129
Mean Al = 435.8
Mean B = 440.1
Mean A2 = 432.4

Mean Overall = 436.1

224.6

Sum of
Squares

113.8
5864.4
5968.2

Sum of
Squares

3133.0
117458..0
120591.0

Sum of
Squares

128.8
8384.8
8513.5

Sum of
Squares

1280.0
626816.0
628096.0

Mean
Squares

56.9
45.4

Mean
Sgquares

1566.5
910.5

Mean
Sguares

64.4
66.0

Mean
Sguares

640.0
4935.6

439

F Ratio P Prob

1.25 - 289

F Ratio F Prob

1.72 «-1841

F Ratijo F Prob
« 97 «381

F Ratijo F Prob
«13 -875



Table E.17
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Onevay Analysis of Variance of Avg. Data For Tones

- | -
CNV M1
source D.F. Sum of fiean F Ratjo F Prob
Squares Squares
Between Groups 6 262.0 43.7 53 -7190
Wwithin Groups 371 30802.1 83.90
Total 377 31068.1
Mean Tone 0 = -7.0
Mean Tone 1 = -5.9
Mean Tone 2 = -6.0
Mean Tone 3 = -7.0
Mean Tone &4 = -5.4
Mean Tone 5 = -5.4
Mean Tone 6 = =-U4,5
Mean Overall = -5.9
CNV N2
Source D.F. Sum of Mean F Ratjo F Prob
Squares Squares
Between Groups 6 280.1 46.7 1.02 <411
Within Groups 371 16942.5 45.7
Total 377 17223.6
Mean Tone 0 = -12.1
Mean Tone 1 = -11.8
Mean Tone 2 = -12.5
Mean Tone 3 = - 9.8
Mean Tone 4 = -12.3
Mean Tone 5 = -12.5
Mean Tone 6 = -11.4
Mean Overall = -11.8




CNV N3

P ]

Source

Between Groups

Within Groups

Total
Mean
Hean
Mean
Mean
Mean
Mean
Mean
Mean

Tone 0
Tone 1
Tone 2
Tone 3
Tone 4
Tone 5
Tone b6
Overal

WL o

i=

CNV M4

o e s

Source

Betveen Groups

Within Groups

Total
Mean
Mean
Mean
Mean
Mean
Mean
Mean
Mean

Tone O
Tone 1
Tone 2
Tone 3
Tone 4§
Tone 5
Tone 6
Overail

(I I T I T |

1 =

D.F.

6
37N
377
-12.9
-12.0
-12.8
-11.7
-12.9
-14.7
-15.1

-13.2

D.F.

6
3N
3717
-157.7
-147.2
-153.1
-147.0
-160.7
-153.2

-150.2

Sum of
Sguares

522.9
22480.3
23003.3

sum of
Sguares

274304.0
28249702. 4
28524006.4

Mean F Ratio
Sgunares
87 .2 1. 44
60.6
Mean F Ratio
Sguares
45717.3 .60
76144 .8

hy1

F Prob

.198

F Prob

. 732
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N1 AHNPL.
source D.F. sum of Hean F Ratjo F Prob
Squares Squares
Bet¥een Groups 6 T14.2 119.0 2.59 «.018
§ithin Groups 369 169590.1 45.9
Total 375 17664.3
Mean Tone 0 = -15.9 Significamt (p<.05) A Posteriori
Mean Tone 1 = -15.4 Cpntrasts: Homogemnous Sabsets
Mean Tone 2 = -17.9 using Duncan Range Test.
Mean Tone 3 = -16.4 Subset 1: Tone 3 ;Tone 2;Tone 0
Mean Tone 4 = -15.1 Tone 1; Tone 4
Mean Tone 5 = -13.95 Subset 2: Tone 3; Tone {;
Mean Tone 6 = ~-13.5 Tone 1; Tone 4; Tone 5; Tone 6
Mean Overall = ~15.4
N1 LAT.
Source D.F. Sum of Mean F katjo F Prob
Squares Squares
Between Groups 6 §03.0 133.8 <54 781
Within Groups 369 91762.0 248.7
Total 375 92565.0
Mean Tone 0 = 144.0
Mean Tone 1 = 144,.2
Mean Tone 2 = 140.2
Nean Tone 3 = 142.7
Mean Tone 4 = 140.6
Mean Tone 5 = 142.7
Mean Tone 6 = 143.3
Mean Overall = 142.5




P2 AMPL.

e e S . S g g

Source

Between Groups
githin Groups
Total
Mean Tone 0
Mean Tone 1
Mean Tone 2
Mean Tone 3
Mean Tone 4
Mean Tone 5
Mean Tone 6
1

Mean Overall

Source

Between Groups
¥ithin Groups
Total
Mean Tone 0
Mean Tone 1
Mean Tone 2
Mean Tone 3
Mean Tone §
Mean Tone 5
Mean Tone 6
1

Mean Overall

D.F.

6
376
376

11.2
10.2
10.9
11.1

9.1

10.6

7.8

= 10.2

LI | O T (T [ |

D.F.

6
370
376

222.2
224.3
221.1
218.8
218.5
228.0
214.8

LU IO O T I T |

= 221.2

Sum of
Squares

504.9
17690.1
18195.1

Sum of
Squares

5928.0
235968.0
241888.0

443

Mean F BRatio F Prob
Sqiares
84,2 1.76 . 105
47.8
Mean F Ratjio F Prob
Sguares
886.b6 1.55 <161
- £37.8
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P3 AMPL.
Source D.F. Sum of Mean F Ratio F Prob
Squares Sqaares
Between Groups 6 86.9 14.5 <2490 « 958
Within Groups 353 20505.0 58.0
Total 359 2059.1.9
Mean Tone 0 = 7.8
Mean Tone 1 = 7.3
Mean Tone 2 = 7.7
Mean Tone 3 = 8.1
Mean Tone 4 = 6.6
Mean Tone 5 = 7.1
Mean Tone 6 = 7.8
Mean Overall = 7.5
P3 LAT.
Source D.F. Sum of Mean F Ratjo F Prob
S5quares Squares
Between Groups 6 6544 .0 1090.7 <23 - 967
Within Groups 353 1709£48.0 4842.1
Total 359 1715792.0
Mean Tone 0 = 394.1
Mean Tone 1 = 396.4
Mean Tone 2 = 395.5
Mean Tone 3 = 38%.9
Mean Tone 4 = 393.3
Mean Tone 5 = 399.5
Mean Tone &6 = 402.5
Mean Overall = 395.6




445

Table E.18

Oneway Analysis of Variance of Male Data For Dones

o ——— ——

source D.F.

Between Groups 6
§ithin Groups 140
fotal 146

Mean Tone 0 = -8.1
MHean Tone 1 = -7.4
Mean Tone 2 = -6.1
Mean Tone 3 = —-9.8
Mean Tone 4 = -6.6
Mean Tone 5 = -6.9
Mean Tone 6 = -5.7
Mean Overall = -7.2

CNV M2

Source D.F.

Between Groups 6
Within Groups 140
Total 146

Mean Tone 0 = -10.5
Mean Tone 1 = -11.2
Mean Tone 2 = - 9.6
Mean Tone 3 = -11.0
Mean Tone 4 = -11.5
Mean Topme 5 = -10.8
Mean Tone 6 = -10.1
Mean Overall = -10.7

Sunm of
Squares

237.7
11233.5
11475.2

Sum of
Squares

56.2
5203.9
5358.9

Mean F Ratio F Prob
Squares
39.6 <49 -5814
80.3
Mean F Ratio F Prob
Squares
' Py .25 « 957
37.2
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CNV M3

P ]

source D.F. Sum of Mean ¥ Ratio F Prob
Squares Squares
Between Groups 6 97.0 16.2 .36 «905
Within Groups 140 6335.7 45.3
Total 146 6432.8
Mean Tone 0 = -11.1
Mean Tone 1 = - 9.3
Mean Tone 2 = - 9.4
Mean Tone 3 = -10.2
Mean Tone 4 = -11.34
Mean Tone 5 = -10.65
Mean Tone 6 = -11.53
Mean Overall = -10.5
CNV My
Source D.F. sum of Mean F Batjo F Prob
Squares Sguares
Between Groups 6 732160.0 122026.06 +19 <976
Within Groups 140 86842112.0 620300.8
Total 146 87574272.0
Mean Tone 0 = -1440.9
Mean Tone 1 = -1395.7
Mean Tone 2 = -1210.9
Mean Tone 3 = -13183.8
Mean Tone 4 = -1378.6
Mean Tone 5 = -1370.5
Mean Tone 6 = -1296.2
Mean Overall = -1353.8



D. F.

Between Groups 6
Within Groups 140
Total 146

Mean Tone 0 = =-14.5
Mean Tone 1 = =-15.9
Mean Tone 2 = -16.9
Mean Tone 3 = -15.9
Mean Tone 4 = -16.3
Mean Tone 5 = ~-14.6
Mean Tone 6 = =-14.1
Mean Overall = -15.5

N1 LAT.

Source D.F.

Between Groups 6
Within Groups 140

Total 146
Mean Tone 0 = 146.7
Mean Tone 1 = 145.5
Mean Tone 2 = 141.0
Mean Tone 3 = 142.4
Mean Tone 4 = 143.6
Mean Tone 5 = 144.1
Mean Tone 6 = 145.5
Mean Overall = 144.1

Sum of
Sqguares

143.5
7665.3
7808.8

Sua of
Squares

486.0
21793.0
22279.0

847

Mean F Ratjo F Prob
Squares
23.9 U4 +-854
54 .7
Mean F Ratio F Prob
Squares
81.0 «52 - 794
155,72
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p2 AMPL.

s - i e e

source D.F. Sum of Mean F Ratio F Prob
Sguares Sguares
petween Groups 6 291.8 48 .6 1. 16 «330
Within Groups 140 5858.2 41.8
Total 146 6150.0
Mean Tone 0 = 11.9
Mean Tone 1 = 10.4
Mean Tone 2 = 11.7
Mean Tone 3 = 11.5
Mean Tone 4 = 8.9
Mean Tome 5 = 10.7
Mean Tone 6 = 7.9
Mean Overall = 10.47
P2 LAT.
Source D.F. Sum of Mean F Ratio F Prob
Sgquares Squares
Betveen Groups 6 1601.0 266.8 1.38 «22b6
Within Groups 140 27053.0 193.3
Total 146 28658.0
Mean Tone 0 = 218.9
Mean Tone 1 = Z226.2
Mean Tone 2 = 217.5
Mean Tone 3 = 223.1
Mean Tone 4 = 22t.1
Mean Tone 5 = 225.0
Mean Tone 6 = 217.5
Mean Overall = 221.3
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P3 AMPL.

Source D.F. Sum of Mean F Hatio F Prob

Squares Squares

Between Groups 6 Z84.7 47.5 1.27 - 275
Within Groups 136 5086.8 37.4
Total 142 5373.06

Mean Tone 0 = 7.5

Mean Tone 1 = 6.6

Mean Tone 2 = 6.6

Mean Tone 3 = 3.2

Mean Tone 4 = 5.0

Mean Tone 5 = 7.5

Mean Tone 6 = 6.0

Mean Overall = 6.1
P3 LAT.
Source D.F. Sum of Mean F Ratic F Prob

Squares Squares

Between Groups 6 3769.0 b26.7 65 - 694
Within Groups 136 131604.0 867.6
Total 142 135360.0

Mean Tone 0 = 353.7

Mean Tone 1 = 357.7

Mean Tone 2 = 357.7

Mean Tone 3 = 356.7

Mean Tone 4 = 367.5

Mean Tone 5 = 361.9

Mean Tone 6 = 370.8

Mean Overall = 359.4
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Table E.19

Oneway Analysis of Variance of Female Data For Tones

[ ; i i i A .

CNV M1
source D.F. Sun of Mean F Ratio F Prob
Squares Squares
Betveen Groups 6 153.6 25.6 - 30 «935
Within Groups 224 19008.4 B4.9
Total 230 19162.0
Mean Tone 0 = -6.3
Mean Tone 1 = -9.3
Mean Tone 2 = -6.0
Mean Tone 3 = -5.2
Mean Tone 4 = -4.6
Mean Tone 5 = -4.5
Mean Tone 6 = -3.8
Mean Overall = -5.19
CNV N2
Source DeFe Sum of Mean F Ratio F Prob
Squares Sguares
Between Groups 6 S546.7 91.1 1.83 -093
Within Groups 224 111348.5 49.37
Total 230 11684.2
Mean Tone 0 = -13.1
Mean Tone 1 = -12,2
Mean Tone 2 = -14.3
Mean Tone 3 = - 9.1
Mean Tone 4 = -12.7
Mean Tone 5 = -13.6
Mean Tone 6 = -12.2
Mean Overall = -12.5
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Source D.F. Sum of Mean F Ratjo F Prob

squares Squares

Between Groups 6 653.1 108.9 1.72 « 117
Within Groups 224 14208.5 63.4
Total 230 14856.6

Mean Tone 0 = -14.2

Mean Tone 1 = -13.7

Mean Tone 2 = -15.0

Mean Tone 3 = =-12.7

Mean Tone 4 = -13.8

Mean Tone 5 = -17.3

Mean Tone 6 = -17.4

Mean Overall = -14.9
CNV M4
Source D.F. Sum of Mean F Ratjo F Prob

Sguares Squares

Between Groups 6 5291264.0 881877.3 1.06 «390
Within Groups 224 187063040.0 835102.8
Total 230 192354304.0

Mean Tone 0 = -166.4

Mean Tone 1 = —-152.1

Mean Tone 2 = -173.5

Mean Tone 3 = -129.1

Mean Tone 4 = -152.1

Mean Tone 5 = -175.7

Mean Tone 6 = -168.2

Mean Overall = -159.7



N1 AMPL.

Source

D.F.

Betvween Groups b

Within Groups 222
Total 228
Mean Tone 0 = -16.8
Mean Tone 1 = =-15.1
Mean Tone 2 = -18.4
Mean Tone 3 = -18.6
Mean Tone 4 = -14.4
Mean Tone 5 = -13.3
Mean Tone 6 = -13.1
Mean Overall = -15.4
N1 LAT.
Source D.F.
Between Groups b
Within Groups 222
Total 228
Mean Tone 0 = 142.3
Mean Tone 1 = 143.4
Mean Tone 2 = 139.6
Mean Tone 3 = 142.9
Mean Tone 4 = 138.7
Mean Tone 5 = 141.8
Mean Tone 6 = 141.8
Nean Overall = 141.5

Sum of
Squares

763.7
9090.7
9854.4

Sum of
Sguares

569.0
6905b6.0
69624.0

452

Mean F Ratio F Prob
Squares
127.3 3.15 . 006
40.9
Mean F Ratio F Prob
Squares
94.8 «31 «933
311.1



P2 AMPL.,

B

Source D.F.

Between Groups 6
Within Groups 223
Total 229

Mean Tone 0 = 10.8
Mean Tone 1 = 10.1
Mean Tone 2 = 10.5
Mean Tone 3 = 10.8
Mean Tone 4 = 9.3
Mean Tone 5 = 10.6
Mean Tone 6 = 7J.7
Mean Overall = 9.9

P2 LAT.

Source D.F.

Between Groups 6
#ithin Groups 223
Total 229

Mean Tone 0 = 224.4
Mean Tone 1 = 223.1
Mean Tone 2 = 223.5
Mean Tone 3 = 216.2
Mean Tone 4 = 216.9
Mean Tone 5 = 229.9
Mean Tone 6 = 213.1
Mean Overall = 221.0

sum of
Squares

244.8
11786.1
12026.9

Sum of
Squares

6674.0
206506.0
213173.0

453

Mean F Ratio F Prob
Squares
40.3 .76 «.602
Hean F Ratio F Prob
Squares
13.11.8 1020 .306
$26.90



P3 ANPL.

o e i e st o s s

Source

BetWeen Groups 6

within Groups 210

Total 216
Mean Tone 0 = 8.1
Mean Tone 1 = 7.9
Mean Tone 2 = B.4
Mean Tone 3 = 11.6
Mean Tone & = 7.6
Mean Tone 5 = 6.8
Mean Tone 6 = 9.0
Mean Overall = 8.4

P3 LAT.

Source D.F.

Between Groups 6

Within Groups 210

Total 216
Mean Tone 0 = 420.6
Mean Tone 1 = §422.7
Mean Tone 2 = 421.2
Mean Tone 3 = 409.5
Mean Tone & = 415.06
Mean Tone 5 = 422.3
Mean Tone 6 = 424.4
Mean Overall = #19.5

Sum of
Sguares

420.2
14318.8
14733.0

Sum of
Sguares

4800.0
1263584.0
1268384.0

454

Mean F Ratjo F Prob
Squares
70.0 1.03 <409
68.2
Mean F Ratio F Prob
Squares
800.0 0.13 - 991
6017.1
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Table E.20

Onewvay Analysis of Variance of Avg. Fz Data For Tones

.

CNV M1

o o s ———

source D.F. Sum of Mean F Ratio F Prob
Squares Sqguares
Between Groups 6 156.8 26.1 - 68 662
fgithin Groups 119 4523.8 38.0
'@l Total 125 4680.5

Mean Tone 0 = -14.8

Mean Tone 1 = -12.6

Mean Tone 2 = -12.8

Mean Tone 3 = -13.6

Mean Tone 4 = -11.1

Mean Tone 5 = -12.1

Mean Tone 6 = -12.1

Mean Overall = =-12.7
CNV N2
Source D.F. Sum of Hean F Ratjo F Proh

Squares Squares

Between Groups 6 110.6 18.4 - 41 .874
#ithin Groups 119 5392.3 45.3
otal 125 5503.9

Mean Tone 0 = -13.7

Mean Tone 1 = -12.6

Mean Tone 2 = =14.5

Mean Tone 3 = -10.9

Mean Tone 4 = -11.6

Mean Tone 5 = -12.1

Mean Tone 6 = -10.8

Mean Overall = -12.0
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CNV M3

 —— o ——— ——

Source D.F. Sum of Mean F Ratjo F Prob
Squares Squares
Between Groups 6 152.2 25.4 .38 .893
Within Groups 119 8008.3 67.3
Total 125 81690.5
Mean Tone 0 = ~-11.9
Mean Tone 1 = -10.2
Mean Tone 2 = -10.4
Mean Tone 3 = ~-11.2
Mean Tone 4 = =-10.4
Mean Tone 5 = -12.1
Mean Tone 6 = -13.5
Mean Overall = -11.4
CNV M4
Source D.F. Sum of Mean F hatjo F Prob
Squares Squares
Between Groups 6 ) 161843.2 26973.8 <42 . 865
¥ithin Groups 119 762375b6.8 64065.2
Total 125 7785608.0
Mean Tone 0 = -192.1
Mean Tone 1 = -170.0
Mean Tone 2 = -167.5
Mean Tone 3 = -160.4
Mean Tone 4 = -152.2
Mean Tone 5 = -171.5
Mean Tone 6 = -169.8
Mean Overall = -169.1




N1 AMPL.

e e i

source D.F.

Between Groups 6
Within Groups 117
Total 123

Mean Tone 0 = -13.9
Mean Tone 1 = -14.2
Mean Tone 2 = -17.0
Mean Topne 3 = -15.1
Mean Tone 4 = -15.2
Mean Tone 5 = —-14.4
Mean Tone 6 = -15.0
Mean Overall = -14.9

N1 LAT.

Source D.F.

Betveen Groups 6
Within Groups 117
Total 123

Mean Tone 0 = 150.3
Mean Tone 1 = 151.1
Mean Tone 2 = 146.5
Mean Tone 3 = 150.1
Mean Tone 4 = 146.5
Mean Tone 5 = 146.2
Mean Tone 6 = 150.6
Mean Overall = 148.7

Sum of
Squares

110.9
4810.0
4926.9

Sum of
Sguares

532.0
19886.0
20418.0

457

Mean F Ratjo F Prob
Squares
18.5 - 45 - 845
41.1
Mean F Ratjo F Prob
Squares
88.7 «52 .793
169.9



P2 AMPL.

a———— . 4 i e

Source

Between Groups 6
Within Groups 118
Total 124
Mean Tone 0
Mean Tone 1
Mean Tone 2
Mean Tone 3
Mean Tone 4§
Mean Tone 5
Mean Tone 6
Mean Overal

[ T IO T 1

P N WoO&E W

&

Source D.F.

Between Groups 6
Within Groups 118
Total 124

Mean Tone Q0 = 224.9
Mean Tone 1 = 230.8
Mean Tone 2 = 222.2
Mean Tone 3 = 220.6
Mean Tone 4§ = 224.5
Mean Tone 5 = 227.8
Mean Tone 6 = 218.6
Mean Overall = 224.2

Sum of
Squares

194.9
6248.2
6443.1

Sum of
Squares

1846.0
57371.0
59213.0

458

Mean F Ratjo F Prob
Squares
32.5 «b1 . 721
52.9
Mean F Ratio F Prob
Squares
307.3 .63 « 706
#86.2



P3 ANMPL.

— — — .t e s .

Source

Betvween Groups

Within Groups

Total
Mean Tone 0
Mean Tone 1
Mean Tone 2
Mean Tone 3
Mean Tone 4§
Mean Tone 5
Mean Tone 6
Mean Overal

I T T T O |

1=

P3 LAT.

Source

Betvween Groups
Within Groups
Total
Mean Tone 0
Mean Tone 1
Mean Tone 2
Mean Tone 3
Mean Tone 4
Mean Tone 5
Mean Tone 6
Mean Overall

(U T T T I |

D.F. Sum of Mean F Ratjo
Sqguares Squares

6 45.8 7.6 -19
113 4567.5 40.4

119 4613.3
4.2

409
4.8
6.2
4.8
4.3
4.6
4.8
D.F. Sum of Mean F Ratijo
Squares Squares

6 4832.0 805.3 -390
113 300336.0 2657.8

119 305168.0

378.9

369.6
376.2
371.4

372.4
378.3

390.5

376.5

459

F Prob

. 978

F Prob

- 934



Table E.21

4ol

Onevay Analysis of Vvariance of Avg. Cz Data For Tones

CNV M1

Source

D.F.

Between Groups 6

Within

Total
Mean
Mean
Mean
Mean
Nean
Mean
Mean
Mean

CNV M2

Source

Group

Tone
Tone
Tone
Tone
Tone
Tone
Tone
Overa

s 119
121
-9.9
-8.3
-8.4
-9-5
-8.1
-8.2
-7.0
-8.5

W nn

0
1
2
3
4
5
b
1

1l =

D. F.

§ Between Groups 6

Within
Total

Mean
Mean
Mean
Mean
MNean
Mean
Mean
Mean

Groups 119

121
Tone 0 = -15.1
Tone 1 = -14.8
Tone 2 = -15.4
Tone 3 = -12.8
Tone 4 = -15.3
Tone 5 = -15.7
Tone 6 = -14.06
Overall = -14.8

Sum of
Squares

102.4
4124.0
4229.4

Sum of
Squares

101.0
5149.6
5259.7

Mean F Ratio
Squares
17.3 ~49
34.6
Mean F Ratjio
Squares
16.8 -39
43.2

F Prob

815

F Prob

- B85
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CNV M3

Source D.F. Sum of Mean F Ratjo F Prob
Sguares Squares
Between Groups 6 186.1 31.0 «53 +786
Within Groups 119 6954.2 58.4
Total 121 7140.3
Mean Tone 0 = -16.6
Mean Tone 1 = -15.7
Mean Tone 2 = -16.3
Mean Tone 3 = -14.8
Mean Tone 4§ = -16.2
Mean Tone 5 = -18.1
Mean Tone 6 = -18.6
Mean Overall = -16.7
CNV M4
Source D.F. Sum of Mean F Ratio F Prob
Sguares Squaares
Between Groups 6 112614.4 18769.0 «28 <941
Within Groups 119 7768678.4 65283.0
Total 121 7881292.8
Mean Tone 0 = -200.6
Mean Tone 1 = -188.6
Mean Tone 2 = -191.7
Mean Tone 3 = -172.7
Mean Tone 4 = -188.8
Mean Tone 5 = -203.8
Mean Tone 6 = ~194.3
Mean Overall = -191.4
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N1 AMPL.
source D.F. Sum of Mean F Ratjo F Prob
Squares Squares
Bet¥een Groups 6 636.3 106.90 2.18 - 048
¥ithin Groups 119 5768.6 48. 4
Total 125 6400.9
Mean Tone 0 = -20.3 Significant (p<.05) A Posteriori
Mean Tone 1 = -19.0 Contrasts: Homogepous Subsets
Mean Tone 2 = -21.7 using Duncan Range Test.
Mean Tone 3 = =-19,2 Subset 1: Tone 3 ;Tone 2;Tone 0
Mean Tone 4 = -17.8 Tone 1; Tone 4§
Mean Tone 5 = -16.3 Subset 2: Tone 3; Tone 0;
Mean Tone 6 = =-14.5 Tone 1; Tone 4; Tone 5; Tone 6
Mean Overall = -18.4
N1 LAT.
Source D.F. Sua of Mean F Ratjo F Prob
: Squares Squares
Between Groups 6 896.0 A49.3 -48 821
Within Groups 119 36754.0 308.8
Total 125 37647.0
Mean Tome 0 = 145.8
Mean Tone 1 = 143.5
¥Yean Tome 2 = 140.06
Mean Tone 3 = 142.3
Mean Tone 4 = 140.56
Mean Tone 5 = 143.7
Mean Tone 6 = 137.0
Mean Overall = 141.9




P2 AMPL.

o e e s e

source D.F.

Between Groups 6
Within Groups 119
Total 125

Mean Tone 0 = 12.2
Mean Tone 1 = 11.8
Mean Tone 2 = 12.1
Mean Tone 3 = 12.0
Mean Tone 4 = 10.2
Mean Tone 5 = 11.4
Mean Tone 6 = 7.8
Mean Overall = 11.1

P2 LAT.

Source D, F.

Between Groups 6
Within Groups 119
Total 125

Mean Tone O = 220.6
Mean Tone 1 = 223.2
Mean Tone 2 = 217.9
Mean Tone 3 = 216.0
Mean Tone & = 215.0
Mean Tone 5 = 227.1
Mean Tone 6 = 205.5
Mean Overall = 217.9

Sum of
Squares

283.7
52056.8
5489.5

Sum of
Sguares

5157.0
80880.0
860372.0

463

Mean F Ratio F Prob
Squares
47.3 1.08 «378
47.3
Mean r Ratio F Prob
Squares
859.0 1.26 «278
679 .7



P3 AMPL.

source D.F.

Between Groups 6
Within Groups 110
Total 116

Mean Tone 0 = 4.4
Mean Tone 1 = 4.0
Mean Tone 2 = {4.9
Mean Tone 3 = 4.6
Mean Tone 4 = 3.1
Mean Tone 5 = #.2
Mean Tone 6 = 4.3
Mean Overall = 4,2
P3 LAT.
Source D.F.
Betvween Groups 6
Within Groups 110
Total 116
Mean Tone 0 = 399.5
Mean Tone 1 = 409.5
Mean Tone 2 = 398.4
Mean Tone 3 = 391.5
Mean Tone 4 = 395.9
Mean Tone 5 = 399.1
Mean Tone 6 = 374.4
Mean Overall = 395.6

Sum of
Squares

33.9
4708.3
4742.2

Sum of
Squares

10880.0
641344.0
552224.0

4o4

Kean F Ratjo F Prob
Squares
5.7 .13 «991
42.8
Mean F Ratjo F Prob
Squares
1813.3 .31 .929
5830.4
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Table E.22

Onevay Analysis of Variance of Avg. Pz Data For Tones

.

CNV M1
EEE;EE D.F. S5um of
Squares

Betvween Groups 6 120.7
Within Groups 119 42u43.4
Total 125 4367.5

Mean Tone 0 = 3.7

Mean Tone 1 = 3.2

Mean Tone 2 = 3.1

Mean Tone 3 = 2.1

Mean Tone 4 = 3.0

Mean Tone 5 = 3.9

Mean Tone 6 = 5.4

Mean Overall = 3.5
CNV N2
Source D.F. Sum of

Squares

Between Groups 6 238.5
Within Groups 119 3588.7
Total 125 3820.1

Mean Tone 0
Mean Tone 1
Mean Tone 2
Mean Tone 3
Mean Tone 4§
Mean Tone 5
Mean Tone 6
Hdean Overal

W wwn . howu

1=-8

Mean F Ratjo F Prob
Sqguares
20 .’0 - 56 - 763
35.7
Mean F Ratjo F Prob
Squares
38.4 1.27 « 274
30.2



boo

CNV M3
Source D.F. Sum of Mean F Ratjo F Prob
Squares Squares
Between Groups 6 316.7 52.8 1.23 . 292
Within Groups 119 5079.97 42.b
Total 125 5396.6
Mean Tone 0 = -10.4
Mean Tone 1 = -10.0
Mean Tone 2 = -11.7
Mean Tone 3 = - 9.0
Mean Tone 4 = -11,8
Mean Tone 5 = -13.8
Mean Tone 6 = ~13.1
Mean Overall = -11.4
CNV M4
Source D.F. Sum of Mean F Ratjo F Prob
Sqguares Squares
Between Groups 6 226308%.0 377173.90 «B82 «560
Within Groups 119 54872576.0 461114.1
Total 121 57135616.0
Mean Tone 0 = -80.3
Mean Tone 1 = -83.0
Mean Tone 2 = -100.1
Mean Tone 3 = -65.3
Mean Tone 4 = -100.0
Mean Tone 5 = -106.7
Mean Tone 6 = -95.3
Mean Overall = -90.1
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N1 AMPL.

source D.F. Sum of Mean F Batjo F Prob
Squares Squares

petween Groups 6 273 .3 46.2 1.34 «2H2

Within Groups 119 40837.9 46.2

Total 125 4365.2

Mean Tone 0 = -13.2

Mean Tone 1 = -13.0

Mean Tone 2 = —-14.8

Mean Tone 3 = -14.7

Mean Tone 4 = -12.3

Mean Tone 5 = -10.8

Mean Tone 6 = =-11.0

Mean Overall = -12.9
N1 LAT.
Source D.F. Sum of Mean F Ratio F Prob

Squares Sguares
§ Betveen Groups 6 963.0 160.5 - 77 «596

Within Groups 119 24771.0 208.2
Total 125 25734.0

Mean Tone 0 = 136.4%

Mean Tone 1 = 137.9

Mean Tone 2 = 133.4

Mean Tone 3 = 135.7

Mean Tone 4 = 134.7

Mean Tone 5 = 137.9

Mean Tone 6 = 142.6

Mean Overall = 136.9
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P2 AMPL.

i i - it ot e

source D.F. Sum of Mean F Ratjo F Prob
Squares Squares

petween Groups 6 146.5 24 .4 .63 « 707

githin Groups 119 4608.4 38.7

Total 125 4754.9

Mean Tone 0 = 12.8

Mean Tone 1 = 11.5

Mean Tone 2 = 12.2

Mean Tone 3 = 13.2

Mean Tone 4 = 10.2

Mean Tone 5 = 13.1

Mean Tone 6 = 10.8

Mean Overall = 12.0
P2 LAT.
Source D.F. Sum of Mean F Ratjo F Prob

Squares Squares

Between Groups 6 1813.0 302.2 -39 . 885
Within Groups 119 92230.0 775.0
Total 125 94043.0

Mean Tone O = 221.2

Mean Tone 1 = 218.9

Mean Tone 2 = 223.2

Mean Tone 3 = 219.9

Mean Tone 4 = 216.08

HMean Tone 5 = 229.1

Mean Tone 6 = 220.6

Mean QOverall = 221.3
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P3 AMPL.
-~ Source D.F. sum of Mean F Ratio F Prob
o Squares Squares
petween Groups 6 117.1 19.5 1 .46 - Bid
githin Groups 116 5037.0 43.4
- 122 51548.1
Mean Tone 0 = 14,6
Mean Tone 1 = 12.7
Mean Tone 2 = 13.1
Mean Tone 3 = 14.3
Mean Tone 4 = 11.6
Mean Tone 5 = 12.6
Mean Tone 6 = 13.5
Mean Overall = 13.2
P3 LAT.
| Source D.F. Sunm of Mean F Ratio F Prob
: Squares Sgqguares
Between Groups 6 14512.0 2418.7 -43 -B862
#ithin Groups 116 6594 24.0 5684.7
Total 122 673936.0
- Mean Tone 0 = 404.1
Hean Tone 1 = 409.4
Mean Tone 2 = 411.0
Hean Tone 3 = 402.8
Mean Tone 4 = 410.4
Mean Tone 5 = 421.2
Mean Tone 6 = 436.6
Mean Overall = 413.9
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Table E.23

Oneway Amalysis of Variance of Male Fz Data For Tones

H
. P -

CNV M1

> e v oo

Source D.F.

BetWween Groups 6
Wwithin Groups 42
Total 48

Mean Tone 0 = -15.0
Mean Tone 1 = =-14.5
Mean Tone 2 = =-12.7
Hean Tone 3 = -15.2
Mean Tone 4 = -11.4
Mean Tone 5 = -13.8
Mean Tone 8 = -13.6
Mean Overall = -13.7

CNV M2

Source D.F.

Between Groups 6
Within Groups 42
Total 48

Mean Tone 0 = -10.06
Mean Tone 1 = -10.8
Mean Tone 2 = -8.6
Mean Tone 3 = -11.0
Mean Tone 4 = -9.3
Mean Tone 5 = -9.4
Mean Tone 6 = -9.9
HMean Overall = -9.9

Sum of
Squares

73.6
1834.8
1912.5

Sua of
Squares

34.5
12448.3
1278.8

Mean F Ratjo F Prob
Squares
12.9 «29 .935
43.7
dean F Ratjo F Prob
Squares
5.7 <19 . 975
29.6



source

§ithin

Total
Mean
Mean
Mean
Mean
Mean
Mean
Mean
Mean

CNV M4

gSource

i o e

§Betveen Groups 6

D.F. sum of
Squares
Betveen Groups 6 99.1
Groups 42 1961.7
485 2060.8
Tone 0 = -7.3
Tone 1 = =-4,.8
Tone 2 = -6.,1
Tone 3 = -8.6
Tone 4§ = =-7.6
Pone 5 = -7.3
Tone 6 = =-9.6
Overall = -7.3
D.F. Sum of
Squares
755968.0
Groups 42 20624416.0
48 21380384.0
Tone 0 = -158.0
Tone 1 = -151.4
Tone 2 = =-123.7
Tone 3 = -149.1
Tone 4 = ~-123.4
Tone 5 = -141.1
Tone 6 = - 144,.2
Overall = -141.5

471

Mean F Ratio F Prob
Squares
16.5 <35 - 904
6.7
Mean F Ratio F Prob
Squares
125994.6 «25 .953
491057.5



N1 AMPL.

source D.F.

. Bet¥gen Groups 6
§ithin Groups 42
Total 48

Mean Tone ¢ = =-9,7
Mean Tone 1 = -14.6
Mean Tone 2 = -14.8
Mean Tone 3 = -12.1
Mean Tone 4 = =-15.3
Mean Tone 5 = -15.6
Mean Tone 6 = -15.1
Mean Overall = -13.8

1 LAT.

Source D.F.

Between Groups 6
Within Groups 42
Total 48

Mean Tone 0 = 155.9
Mean Tone 1 = 154,2
Mean Tone 2 = 15t.7
Mean Tomne 3 = 153.4
Mean Tone 4 = 150.9
Hean Tone 5 = 149,2
Mean Tone 6 = 152.6
Mean Overall = 152.6

Sum of
Squares

1890.3
2566.8
2743.1

Sum of
Squares

522.8
17354.9
17873.8

472

Mean F Ratjo F Proo
Squares
30.90 1 .49 -812
61..1
Mean F Ratjo F Prob
sSquares
87.1 - bl -698
135.56



p2 AMPL.

—
source

[
.
]
.

(=)}

petween Groups

within Groups

Total
Mean Tone 0
Mean Tone 1
Mean Tone 2
Mean Tone 3
Mean Tone 4
Mean Tone 5
Mean Tone 6
Mean Overal

E e OONY EE
O & 5 & 5 & 2 DN

O WO E b ad

LU T I T [ I T A ¢

1

.
*

P2 LAT.

P e ——

Source D.F.

Between Groups b
Within Groups 42
Total 48

Mean Tone 0 = 218.3
Mean Tone 1 = 234.3
Mean Tone 2 = 220.8
Mean Tone 3 = 226.7
Mean Tone 4 = 224.2
Mean Tone 5 = 224.2
Mean Tone 6 = 218.3
Mean Overall = 223.8

Sum of
Sguares

9152.0
10256.0
99408.0

Sum of
Sguares

308.0
3474.8
3782.8

473

Mean F Ratjo F Prob
squares
192.0 «61 .728
$62.0
NMean F BRatio F Prob
squares
51.3 1.30 «265
39.5



P3 AMPL.

P

source

githin
fotal

Mean
Mean
Mean
Mean
Mean
Mean
Mean
Mean

Tone
Tone
Tone
Tone
Tone
Tone
Tone

Tone
Tone
Tone
Tone
Tone
Tone
Tone
Overa

Overa

Bpetween Groups 6
Groups 42

0

WONNEEOVE
¢ ®

& e o 0 8 s 0

I I T [ T

b Al E NN - WO

o

1
2
3
4
5
6
1

1=

48
362.4
361.6

356.5

361.6

356.5

359.9

364.9

i = 360.5

(N T I T T IO T ¢

HFOoWmE W =0

Sum of
Squares

940.9
2350.8
6744.7

Sum of
Squares

395.3
2709.4
3104.7

K74

Mean F Ratjo F Prob
Squares
5.1 1.85 . 099
13.1
Mean F Ratio F Prob
Squaares
H55.9 2.07 . 065
31.9
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Tablde E.24

Oneway Analysis of Variaance of Male Cz Data Fpr Tones

CHV M1

a——————

source D.F. Sum of Mean F Ratjo 7P Prob

Squares Squares
Between Groups 6 848.0 141.3 <57 - 157
§ithin Groups 42 8256.0 87 .3
Total 48 9104.0
Mean Tone 0 = -10.6
Mean Tone 1 = -9.4§
Mean Tone 2 = -8.1
Mean Tone 3 = -12.1
Mean Tone 4 = -9.4
Mean Tone 5 = -9.3
Mean Tone 6 = -8.0
Mean Overall = -9.6
_Bcuv M2
Source D.F. Sum of Mean F Ratjo F Prob
Squares Squares
Between Groups 6 918.7 319.8 2.02 . 068
#Within Groups 42 466.3 58.6"
Total 48 884.0
Mean Tone 0 = -16.1
Mean Tone 1 = -15.5
Mean Tone 2 = -17.6
Mean Tone 3 = -30.8
Mean Tone 4 = -15.8
Hean Tone 5 = -17.0
Mean Tone 6 = -24.5
Mean Overall = -17.5



CNV M3

———— ——

Source D.F.

petweenh Groups 6
¥ithin Groups 42
Total 48

Mean Tone 0 = -15.6

Mean Tone 1 = —14.3

Mean Tone 2 = -13.4

Mean Tone 3 = -13.7

Mean Tone 4 = -15.1

Mean Tone 5 = -14.3

Mean Tone 6 = =-15.3

Mean Overall = -14,5
NV M4

ource D.F.

etwveen Groups 6
ithin Groups 42
otal 48

Mean Tone 0 = -188.8
Mean Tone 1 = -183.5
Mean Tome 2 = -161.7
Mean Tone 3 = -181.4
Mean Tone &4 = -184.8
Mean Tone 5 = -180.8
Mean Tone 6 = -175.3
Nean Overall = -179.5

Sum of
Squares

70.0
5413.0
7483.0

Sum of
Sqguares

1709.8
21943.1
23654.8

476

Mean F Ratjo F Prob
Squares
1.7 2.79 014
63.7
Mean F Ratjo F Prob
Squares
285.90 1.68 ..131
l 70 E J 1



N1 AMPL.

D.F.

Between Groups 6
githin Groups 42
Total 48

Mean Tone 0 = -20.1
Mean Tone 1 = =20.0
Mean Tone 2 = -21.1
Mean Tone 3 = ~19.4
Mean Tone 4 = -19.7
Mean Tone 5 = -17.6
Mean Tone 6 = -16.7
Mean Overall = -19.2

N1 LAT.

Source D.F.

Between Groups 6
Nithin Groups 42
fotal 48

Mean Tone 0 = 146.7
Mean Tone 1 = 145.8
Mean Tone 2 = 141.6
Mean Tone 3 = 139.9
Mean Tone 4 = 144,1
Mean Tone 5 = 144.9
Mean Tone &6 = 146.7
Mean Overall = 144.3

Sam of
Squares

1513.0
20920.8
22432,.0

Sum of
Squares

522.8
17354.9
17873.8

477

Mean F Ratjo F Prob
Squares
251.9 1.55 . 165
162.2
Mean F Ratjo F Prob
Sguares
87.1 Y 598
135.6



—
source

@ithin
gotal

Mean
Nean
Mean
Mean
Nean
Nean
Mean
Mean

p2 AMPL.

D.F.

petveen Groups 6

Groups 42

48
Tone 0 = 11.4
Tone 1 = 10.8
Tone 2 = 11.8
Tone 3 = 12.3
Tone 4 = 9.1
Tone 5 = 10.7
Tone 6 = 8.0
Overall = 10.6

D.F.

et¥een Groups 6

Groups 42

48
Tone 0 = 220.8
Tone 1 = 223.4
Tone 2 = 215.7
Tone 3 = 219.9
Tone 4 = 217.5
Tone 5 = 223.4
Tone 6 = 214.9
Overall = 219.4

Sum of
Sguares

9152.0
7010256.0
7299408.0

Sum of
Squares

4956.0
5820.0
6316.0

478

Mean F Batjo F Prob
Sguares
192.0 .61 .128
79662 .0
Mean F Ratio ¥ Prob
Squares
82.7 +59 .733
138.6



P3 AMPL.

e e e . . it s Y

Source

D.F'

BetWween Groups 6
§ithin Groups 39
Total 45

HMean Tone 0 = 3.8
Mean Tone 1 = 3.7
Mean Tone 2 = 3.0
Mean Tone 3 = -0.4
Mean Tone 4 = 1.3
Mean Tone 5 = 4,5
Mean Tone 6 = 1,7
Mean Overall = 2.5

P3 LAT.

Source D.F.

Between Groups 6
Within Groups 39
Total 45

Mean Tone 0 = 348.1
Mean Tone 1 = 357.4
Mean Tone 2 = 350.6
Mean Tone 3 = 358.2
Mean Tone 4 = 353.9
Mean Tone 5 = 357.9
Mean Tone 6 = 364.8
Mean Overall = 355.7

Sum of
Squares

121.3
1208.2
1327.4

Sum of
Squares

1199.0
20714.0
21913.0

479

Mean F Ratio F Prob
Squares
20.2 «65 589
30.9
Mean F Ratio F Probd
Squares
199.8 2 .37 -880
531.1
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Table E.25

Oneway Analysis of Variance of Male Pz Data Fpr Tones

CNV M1

. " .

Source D.F.

Between Groups 6
Wwithin Groups 42
Total 48

Mean Tone 0 = 1.3
Mean Tone 1 = 1.7
Mean Tone 2 = 2.4
Mean Tone 3 = =-2.0
Mean Tone & = 1.1
Mean Tone 5 = 2.4
Mean Tone 6 = 4.3
Mean Overall = 1.6

CNV N2

Source D.F.

Between Groups 6
Within Groups 42
Total 48

Mean Tone 0 = -7,1
Mean Tone 1 = =-8.3
Mean Tone 2 = -7.4
Mean Tone 3 = -7.9
Mean Tone &4 = -10.1
Mean Tone 5 = -8.6
Mean Tone &6 = -6.7
Mean Overall = -8.0

Sum of
Squares

153.1
964.6
1117.6

Sum of
Squares

54.1
1080.9
1134.9

Mean F Ratjio F Prob
Squares
25.5 1. 11 «373
22.9
Mean F BRatjo F Prob
Squares
9.0 <35 .906
25.7



CNV M3

source

D.F.

Between Groups 6

§ithin Groups 42

Total 48
Mean Tone 0 = -10.4
Mean Tone 1 = -8.8
Mean Tone 2 = -8.7
Mean Tone 3 = -8.3
Mean Tone 4 = ~-11.3
Mean Tone 5 = -10.3
Mean Tone 6 = -9.6
¥ean Overall = -9.6

CNV N4

Source D.F.

Between Groups 6

Within Groups 42

Total 48
Mean Tone 0 = -85.4
Mean Tone 1 = -83.7
Mean Tone 2 = ~-77.8
Mean Tone 3 = —-84.5
Mean Tone 4 = -105.2
Mean Tone 5 = -89.1
Mean Tone 6 = -69.2
Mean Overall = -85.0

481

Sum of Mean F Ratio F Prob
Squares Squares
49.4 8.2 .28 <942
1230.0 29.3
1279.4
Sum of Mean P Ratjo P Prob
Squares Squares
510032.0 85005.3 <26 - 948
13383536.0 318655.90
13893568.0
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N1 AMPL.
Source D.F. Sum of Mean F Ratjo F Prob
Squares Squares
Between Groups 6 154.5 25.8 .72 «639
githin Groups 42 1505.7 35.8
Total 48 1660.2
BYean Tone 0 = -13.7
Mean Tone 1 = ~-13.3
Mean Tone 2 = -14.9
Mean Tone 3 = -16.3
Mean Tone 4 = =-14.0
Mean Tone 5 = -11.9
Mean Tone 6 = -10.4
Mean Overall = -13.5
N1 LAT.
Source D.F. Sum of Mean F Ratjio F Prob
Squares Squares
Betveen Groups 6 354.1 59.9 «53 «179
Within Groups 42 4625.3 110.1
Total 48 4879.4
Mean Tone 0 = 137.4
Mean Tone 1 = 136.5
Mean Tone 2 = 129.8
Mean Tone 3 = 134.0
Mean Tone 4 = 135.7
Mean Toome 5 = 138.2
Bean Tone 6 = 137.4
Mean Overall = 135.6
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P2 AHPL.
source D.Fe. Sum of Mean F Ratjo F Prob
Squares Sguares
Betvween Groups 6 89.9 14.9 <41 «.863
Within Groups 42 1504.9 35.8
Total 48 1594.8
Mean Tone 0 = 14.4
Mean Tone 1 = 13.3
Mean Tone 2 = 14.1
Mean Tone 3 = 14.0
Mean Tone & = 10.4
Mean Tone S5 = 13.4
Mean Tone 6 = 11.7
Mean Overall = 13.1
P2 LAT.
Source D.F. Sum of Mean F Ratio F Prob
Squares Squares
Between Groups 6 624.0 104,90 «35 « 765
Within Groups 42 7868.0 487.3
Total 48 8492.0
Mean Tone 0 = 217.4
Mean Tone 1 = 220.8
Mean Tone 2 = 215.8
Mean Tone 3 = 222.5
Mean Tone 4 = 221.7
Mean Tone S = 227.6
Mean Tone 6 = 219.1
Mean Overall = 220.7




P3 AMPL.

Source D.F.

Betvween Groups 6
Within Groups 41
Total 47

Mean Tone 0 = 13.6
Mean Tone 1 = 11.7
Mean Tone 2 = 12.7
Mean Tone 3 = 7.8
Mean Tone 4 = 10.4
Mean Tone 5 = 12.0
Mean Tone 6 = 12.0
Mean Overall = 11.5

P3 LAT.

Source D.F.

Between Groups 6
Within Groups 41
Total 47

Mean Tone 0 = 350.6
Mean Tone 1 = 353.9
Mean Tone 2 = 365.8
Mean Tone 3 = 349.1
Mean Tone 4 = 361.6
Mean Tone S5 = 367.5
Mean Tone 6 = 381.8
Mean Overall = 361.7

Sum of
Squares

132.8
853.1
985.9

Sum of
Squares

2414.0

53879.0
99293.0

484

Mean F Ratio F Prob
Squares
22.1 1.08 <400
20.8
Mean F Ratjo F Prob
Squares
902.3 -39 «879
2289.3
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Tabde E.26

Oneway Analysis of Variamce of Fem. Fz Data Fpr Tones

s s o —

Source

Between Groups

Within Groups

Total
Mean
Mean
Mean
Mean
Mean
Mean
Mean
Mean

Tone O
Tone 1
Tone 2
Tone 3
Tone §
Tone 5
Tone 6
Overal

I (T I T T 1

1

CNV M2

Source

Between Groups

Within Groups

Total
Mean
Mean
Mean
Mean
Mean
Mean
Mean
Mean

Tone O
Tone 1
Tone 2
Tone 3
Tone &
Tone 5
Tone &
Overal

W nonw

1 =

-14.6
-11.3
-12.8
-10.8
-10.9
-10.9
-11.1
-12.0

D.F.

6
70
76
-13.06
-13.7
-15.0
-10.8
-13.1
-13.7
-11.4
-13.5

Sum of
Squares

130. 4
2544.6
2674.9

Sum of
Squares

201.3
36748.2
3875.5

Nean F Ratjo F Prob
Squares
21.7 .59 .733
36.4
Mean F Ratio F Prob
Sqguares
33.56 .04 « 1890
52.5



CNV N3

Source

D.F.

Betveen Groups 6

Within Groups

Total
Mean
Mean
Mean
Mean
Mean
Mean
Mean
Mean

CNV M4

——————— T —

Source

Tone
Tone
Tone
Tone
Tone

Tone

Tone
Overa

70

76

-14.9
-13.6
-13.2
-12.9
-12.3
-15.2
-1600

-14.0

1T T T [

0
1
2
3
4
5
6
11 =

D.F.

Between Groups 6

Within

Total
Mean
Mean
Mean
Mean
Mean
Mean
Hean
Mean

Groups 70

76
Tone 0 = -213.8
Tone 1 = -181.9
Tone 2 = -195.3
Tone 3 = ~167.06
Tone &4 = -170.5
Tone 5 = -190.8
Tone 6 = -186.1
Overall = -186.6

Sum of
Squares

123.1

4637.8

47690.9

sSum of
Squares

1622368.0 270394.6

486

Hean F Ratjo F Prob
Squares
20.5 «31 «929
66.3
Mean F Ratio F Prob
Squares
-39 .885

487846490.0 696923.4

50407008.0



N1 ANMPL.

s e i

source

Between Groups

§ithin Groups

fotal
Mean
Mean
Mean
Mean
Mean
Mean
Mean
Mean

Tone 0
Tone 1
Tone 2
Tone 3
Tone 4§
Tone 5
Tone 6
Overal

W wnwhun

i

N1 LAT.

Source

Between Groups

Within Groups

Total
Mean
Mean
Mean
Mean
Mean
Mean
Mean
Mean

Tone 0
Tone 1
Tone 2
Tone 3
Tone 4§
Tone 5
Tone 6
Overal

[ T | I O 1 I T 1

1

D.F.

b
68
74
-16.9
-13.9
-18.4
-17.0
-15.1
-14.3
-14.9
= -15.8

74
146. 3
149. 1
143.2
148.0
143.7
144.3
149.3
= 146.2

Sum of
Squares

178.8
1874. 4
2053.1

Sum of
Squares

430.0
13236.0
13666.0

Mean F Ratio
Squares
29.8 1.08
27 .6
Mean F Ratio
Sguares
71.3 «36
194.06

487

F Prob

383

F Prob

~897



P2 ANPL.

Source

Bet¥een Groups

Within Groups

Total
Mean Tone 0
Mean Tone 1
Mean Tone 2
Mean Tone 3
Mean Tone 4
Mean Tone 5
Mean Tone b
Mean Overal

Wl oHowon

1=

P2 LAT.

——— e s et s,

Source

Between Groups
Hithin Groups
Total
Mean Tone 0
Mean Tone 1
Mean Tone 2
Mean Tone 3
Mean Tone U
Mean Tone 5
b
1

(L T [ [ O O 1}

Mean Tone

Mean Overall =

6

[SRCSEUSEEN I« BRI oRL N I - )
e s s 6 8 6 0 (N

¢ OCODONOE =

&}

D.F.

6
69
75
229.0
228.5
223.1
216.7
224.7
230.1
218.9

224.5

Sum of
Squares

68.8
4379.8
4448.6

Sum of
Squares

1752.0
44121.0
45873.0

488

Mean F Ratjo F Prob
Squares
11.5 «18 <980
63.5
Mean F Ratjo F Prob
Squares
292.0 ous .839
539.4



P3 AMPL.

———— o o o s it S

Source

Between Groups

Within Groups

Total
Mean Tone 0
Mean Tone 1
Mean Tone 2
Mean Tone 3
Mean Tone &
Mean Tone 5
Mean Tone 6
Mean Overal

wWowHuwHn NN

1=

P3 LAT.

e e . apus o it

Source

Between Groups

Within Groups

Total
Mean Tone 0
Mean Tone 1
Mean Tone 2
Mean Tone 3
Mean Tone &
Mean Tone 5
Mean Tone 6
Mean Overal

o oo

1l =

6

VwoouUunwdo
Wi ¢ 8 ¢ 8 3 ¢6 &
¢ DWW D

&

D.F.

6
o4
70
389.4
375.2
389.9
378.2
383.5
389.9
410.4

387.8

Sum of
Squares

183.1
3541.8
37248.9

sSum of
Squares

7401.0
262922.0
270323.0

489

Mean F BRatjo F Prob
Squares
30.5 - 55 .769
55.3
Mean F Ratio F Prob
Squares
1233.5 «30 . 934
4308.2



Table E.27

490

Oneway Analysis of Variance of Fem. Cz Data For Tones

CNV M1
Source D.F.
Between Groups 6
Within Groups 70
Total 135
Mean Tone 0 = -9.5
Mean Tone 1 = -7.7
Mean Tone 2 = -8.6
Mean Tone 3 = -7.9
Mean Tone 4 = -7.3
Mean Tone. 5 = -7.6
Mean Tone 6 = -b6.4
Mean Overall = -7.9
CNV M2
Source D.Fa
Between Groups 6
Within Groups 70
Total 76
Mean Tone 0 = -15.9
Mean Tone 1 = -15.1
Mean Tone 2 = -17.2
Mean Tone 3 = -12.0
Mean Tone 4 = -15.5
Mean Tone 5 = -16.7
Mean Tone 6 = -15.2
Mean Overall = -15.4

Sum of
Sguares

67.6
1827.8
1898.4

Sum of
Sguares

1856.7
3110.0
r 3205.8

Mean F Ratio
Squares
11.3 43
26.1
Mean F Ratio
Squares
30.9 .69
44 .4

F Prob

- 856

F Prob

- 655
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CNV M3
Source D.F. Sum of Mean F Ratjo F Prob
Squares Squares
Between Groups 6 254.8 42.5 62 «712
Within Groups 70 4756.2 67.9
Total 76 501490.9
Mean Tone 0 = -17.2
Mean Tone 1 = =-16.7
Mean Tone 2 = -18.1
Mean Tone 3 = -15.6
Mean Tone 4 = -17.0
Mean Tone 5 = =-20.55
Mean Tone 6 = -20.8
Mean Overall = -18.0
CNV My
Source D.F. Sum of Mean F Ratio F Prob
Squares Squares
Between Groups 6 2002432.0 333738.b - 51 .798
Within Groups 70 4#5508864.0 650126.6
Total 76 47511298.0
Mean Tone 0 = -208.1
Mean Tone 1 = -191.9
Mean Tone 2 = -210.9
Mean Tone 3 = =-166.5
Mean Tone & = -191.3
Mean Tone 5 = -218.4
Mean Tone 6 = -206.4
Mean Overall = -199.1




ST

N1 AMPL.

—— v————-— s vt

Source

Between Groups
Within Groups
Total
7 Mean Tone 0
Mean Tone 1
Mean Tone 2
Mean Tone 3
Mean Tone 4
Mean Tone 5
Mean Tone 6
Mean Overal

I T (Y T T

1l =

N1 LAT.

Source

Between Groups

Within Groups

Total
Mean Tone 0
Mean Tone 1
Mean Tone 2
Mean Tone 3
Mean Tone §
Mean Tone 5
Mean Tone 6
Mean Overal

L T T | I I T

1l =

D.F.

6
70
76
-20.4
-18.4
-22.1
-19.1
-16.7
=-15.5
-13.2

-17.9

D. F.

6
70
76
145.3
142.1
139.9
143.7
138.4
143.2
130.9

140.5

Sum of
Squares

1511.0
20929.8
22432.0

Sum of
Squares

522.8
17354.9
17877.8

492
Mean F Ratjo F Prob
Squares
251.9 1.55 - 165
162.2
Mean F Ratio F Prob
Squares
87.1 - 64 698
135.6
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P2 AMPL.
Source D.F. Sum of Mean F Ratio F Prob
Squares Squares
Between Groups 6 289152.0 48192.90 .61 .728
Within Groups 70 7010256.0 79662 .0
Total 76 7299408.0
Hean Tone 0 = 12.6
Mean Tone 1 = 12.4§
Mean Tone 2 = 12.3
Mean Tone 3 = 11.8
Mean Tone 4 = 10.9
Mean Tone 5 = 11.9
Mean Tone 6 = 7.5
Mean Overail = 11.4
P2 LAT.
Source D.F. Sum of Mean F Ratjo F Prob
Squares Squares
Between Groups 6 308.0 51.3 1.30 « 265
Within Groups 70 3474.8 39.5
Total 76 3782.8
Mean Tone 0 = 220.4%
Mean Tone 1 = 223.1
Mean Tone 2 = 219.4
Mean Tone 3 = 213.5
Mean Tone 4 = 213.5
Mean Tone 5 = 229.6
Mean Tone 6 = 199.5
Mean Overall = 216.9




P3 AMPL.

source D.F.

Betveen Groups 6

Within Groups

Total
Mean Tomne 0
Mean Tone 1
Mean Tone 2
Mean Tone 3
Mean Tone i
Mean Tone 5
Mean Tone 6
Mean Overal

L T (I ' T

HEFONELEFEdIN
R -x

e o & o o o

! B OmbiW®m

w

1

P3 LAT.

e —————n r—

Source

Betveen Groups 6
Within Groups 64
Total 70

Mean Tone 0 = 435.4
Mean Tone 1 = 446.0
Mean Tone 2 = 431.9
Mean Tone 3 = 414.8
Mean Tone &4 = 418.9
Mean Tone 5 = 421.6
Mean Tone 6 = 380.9
Mean Overall = 4#21.9

Sum of
Sguares

54399.9
432358.8
486741.7

Sum of
Squares

395.3
2709.4
3108.7

494

Mean F Ratjo F Prob
Squares
9065.1 1.85 .099
4913.1
Mean F Ratio F Prob
Sguares
65.9 2.07 0685
31.9
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Table E.28

Oneway Analysis of Variamnce of Fem. Pz Data ¥For Tones

. - e i s

— ——— - — —

sSource D.F.

Between Groups 6

¥ithin Groups 70
Total 76
Mean Tone 0 = 5.27
Mean Tone 1 = 4.09
Mean Tone 2 = 3.4
Mean Tone 3 = 4.6
Mean Tone 4 = #.2
Mean Tone 5 = 4.9
Mean Tone 6 = 6.2
Mean Overall = 4.7
CNV M2
Source D.F.
Betveen Groups b
Within Groups 70
Total 76
Mean Tone 0 =~ 7.6
Mean Tone 1 = - 7.6
Mean Tone 2 = -10.7
Mean Tone 3 = - 4.4
Mean Tone % = - 9.6
Mean Tone 5 = -1).2
Mean Tone 6 = -10.1
Mean Overall = -8.6

S5um of
Squares

52.3
2916.5
2968.9

Sum of
Squares

326.2
2343.6
2673.8

Mean F Ratio F Prob
Sqguares
8.7 20 <971
1.7
Mean F Ratjo F Prob
Squares

54.4 1.62
33.5

<153
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ChNV M3
Source D.F. Sum of Mean F Ratjo F Prob
Squares Squares
Between Groups 6 282070.0 47011.7 2.19 014
Within Groups 70 2175413.0 16863.7
Total 76 2457483.0
Mean Tone 0 = =-10.4
Mean Tone 1 = -10.7
Mean Tone 2 = -13.7
Mean Tone 3 = - 9,5
Mean Tone 4 = -12.2
Mean Tone 5 = —16.1
Mean Tone 6 = -15.3
Mean Overall = -12.6
CNV M4
Source D.P. Sum of Mean F Ratio F Prob
Sguares Squares
Between Groups 6 1709.8 285.0 1.68 - 131
Within Groups 70 21942.1 170.1
Total 76 23651.8
Mean Tone 0 = -77.1
Mean Tone 1 = -82.5
Mean Tone 2 = -114.2
Mean Tone 3 = -53.1
Mean Tone 4 = —-96.6
Mean Tone 5 = -117.9
Mean Tone 6 = -111.9
Mean Overall = -93.3




N1 AMPL.

— A e e = s e

Source D.F.

Betvween Groups 6
Within Groups 70
Total 76

Mean Tone O = -13.0
Mean Tone 1 = -12.9
Mean Tone 2 = -14,.8
Mean Tone 3 = -13.8
Mean Tone 4 = -11.2
Mean Tone 5 = -1Q0.3
Mean Tone 6 = -11.4
Mean Overall = -12.5

N1 LAT.

Source D.F.

Between Groups 6
Within Groups 70
Total 76

Mean Tone 0 = 135.7
Mean Tone 1 = 138.9
Mean Tone 2 = 135.6
Mean Tone 3 = 136.7
Mean Tomne 4 = 134.0
Mean Tone S = 137.8
Mean Tone 6 = 145.9
Mean Overall = 137.9

Sum of
Squares

1511.0
20920.8
22432.0

Sum of
Squares

522.8
17354.9
17873.8
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Mean F Ratio F Prob
Squares
251.9 1.55 « 165
162.2
Mean P Ratio F Prob
Squares
87.1 -6l «698
135.6



P2 AMNPL.

P e

sSource

Betv¥een Groups

Within Groups

Total
Mean Tone 0
Mean Tone 1
Mean Tone 2
Mean Tone 3
Mean Tone 4§
Mean Tone 5
Mean Tone 6
Mean Overal

o nowon

1l =

Source

Between Groups
Hithin Groups
Total
Mean Tone 0
Mean Tone 1
Mean Tone 2
Mean Tone 3
Mean Tone 4
Mean Tone 5
Mean Tone o
Mean Overall =

W

D.F.

6
70
76
11.8
10. 4
11.1
12.7
10.1
12.9
10.4

1.3

6

70

76
223.7
217.8
227.9
218.3
212. 4
230.1
221.5

221.7

Sum of
Squares

89.6
2981.6
3071.2

Sum of
Squares

2501.0
83028.0
85528.0

Mean F Ratio
Squares
4.9 <35
#2.6
Mean F Ratjo
Squares
416 .8 «35
1186.1
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F Prob

« 907

F Prob

«807



P3 AMPL.

e o " 4 S———

Source

Between Groups

Within Groups

Total
Mean
Mean
Mean
Mean
Mean
Mean
Mean
Mean

Tone 0
Tone 1
Tone 2
Tone 3
Tone 4§
Tone 5
Tone b
Overal

L I T I (A

1 =

P3 LAT.

Source

Between Groups

Within Groups

Total
Mean
Mean
Mean
Mean
Mean
Mean
Mean
Mean

Tone 0
Tone 1
Tone 2
Tone 3
Tone #
Tone 5
Tone 6
Overall

(U O T | I T

6
68
74
15.3
13.4
13.3
18.7
12.3
12.9
14.5

14.2

D.F.

b
68
74
438.2
444.6
439.8
438.6
441.4
455. 4
471.5
447.3

sum of
Squares

268.2
3688.9
3957.1

Sum of
Squares

9805.0
350611.0
3604156.0

Mean " F Ratio
sSquares
W4 .7 «82
S54.2
Mean F Ratjo
Sguares
1634.2 «32
5156.0
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F Prob

« 557

F Prob

926
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Appendix F

Analysis of Variance and Duncan #dultiple
Range Test Sumuwary Tawles itor Pooleu
Single-Triadi Datra




Tablie

Onevay Analysis ot

Single-Trial Data

Souilce DeFou sum of
sSquares
Between Groups 2 0192040.0
Within GLoups 2110 141763328.0
Total 2112 1473955968.0
fiean A1 = 739.5
Mean 3 = ©35.90
Mean A2 = 61i.5
flean Overall = 661.2
CNV Amp
§SE;E§— DoFa Sum of
sSquares
Betw=22en Groups 2 5752.3
Within Groups 2110 40020041
Total <112 411952.4
Mean A1 = -14.8
M2an B3 = -18.0
Mean AZ = -15.0
Mean Overall = -16.3
CNV Int
ESEEEE— DeFa Sum of
Squares
Between Groups 2 500192.0
Within Groups 2110 44862752.0
Total 2112 453629448.0
Mean A1 = -166.7
ean B = -198.8
Mean A2 = -165.7
Mean Overall = -177.90

Significant ,(p<.05)
contrastss:

Significant (p<.05)
contrasts:
asing Duncan Range Test.

501

¥1

Variance of A1l
ior Conditions

nean F Rratio F Prob
Sguares
3090320.0 4o, 039 . 000
718b. 4

a posteriori
Homogenous Subsets

u4s51ng Duncan Ranye Test.

Supset 1: AZ

subset 2:

3;
AT

Mean F Ratio F Proo

Sgquaras
Z87b.2 14.594
1392.5

. 000

a pasteriori
Homcgenous Subsetrs

Subset 1: B

Subset Z: Al; Al
¥ean F Ratio F Proo
sguares
250096.0 11.76 ~ 000
21262.0

Signiricant (p<.05) a posteriori
contrasts:
wsing Duacan Range Test.

Homogenous Subsets

Subset 1: b

Subset 2: A1, AZ
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K

source D.F. Sum of Hean F Ratio F Prob
Sguares Squares
§ Between Groups 2 1839.2 9149.0 5.97 003
8 Within Groups 2047 315405.4 154.1
I Total 2049 317244.06
f ¥ean Al = =22.4 signiricant (p<.05) a posteriori
Mean B = =-23.3 Jontrasts: Homogenous Subsets
Mean A2 = -21.0 using Duncan Range Test.
Mean Overall = -2£.4 Supset 1: Al; B

Supsat 2: A2

p2
d Source D.F. Sum oOf Mean F Ratio F Prob
| Squares Squares
Betwacn Groups 2 1218.3 359,22 D 20 002
Within Groups 2018 30915342.1 153.2
Total 2020 311050. 4
Mean A1 = 16.8 Significant (p<.05) a posteriori
Mean 8 = 13.0 Contrasts: Homogenous Subsets
Mean A2 = 13.8 using Duncan Kange Test.
Mean Overall = 14.4 Subset 1: B; AZ
Subset 2: A1l
P3
gaurce D.F. Sum of Mean F Ratio F Prob
Squares Squares
Between Groups 2 4494.0 £2647.3 17.84 . 000
Within Groups 1761 221863.5 12b.0
Total 1763 2206358.1
Mean A1 = 15.5 Signiricant {p<.05) a posteriori
Yean B = 12.2 Contrasts: homogenous Subsets
Mean AZ = 1Z.1 using Duncan Range Test.
Mean Overalld = 13.3 Supset 1: B; A2

Supsetr <: A1l
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Tapnle F2

Oneway Aualysis or Varlaace of Maie
Single-Trial Data for Conditions

RT

source D.F. sum of dean F Ratio F Prob
squares squares
petween Gioups < B10912.0 435456.0 6.85 001
within Groups 790 5057024040 53530 .4
Total 758 51441152.0
Mean A1 = 667.0 significant (p<.Ub) a posteriori
Mean B = 590.9 Contrasts: Homogenous Subsets
Mean A2 = 6500.9 1sing Duncan Range Test.
Mean Overall = 617.9 Subset 1: B; AZ
Subset <3 A1
CNV Amp
source D.rY. sum ¢t lican £ katio F Prob
; Squares Squares
Between Groups 2 1025.6 512.8 3.b3 .026
Within Groups 796 112578.6 141. 4
Total 798 113608.2 :
Hean A1 = -13.0 Signiricant (p<.05) a posteriori
Mean B = -15.06 Contrasts: Homogenous Subsets
Mean 42 = =-15.0 using Duncan Range Test.
Mean Overall = -14.0b Subset 1: B; AZ
Subset Z: Al; AZ
CNV Int
Source D.F. Sum of Hean F katio F Prob
Squares Sguares
Between Groups p 51088.0 25544,0 1.42 <241
Within Groups 796 14325344.0 17996 .7
Total 798 14376432.0
Mean A1 = -160.9
bean B = -180.8
Mean A2 = -170.1

Mean Overall = -170.06



N1

Source

Between Groups

Within

Total
Mean
Mean
fiean
Mean

P

S5ource

Between Groups

Within

Total
Mean
Mean
Mean
Mean

P3

Source

Between Groups

Within

Total
Mean
Mean
Mean
Mean

Groups

3 = =22.9
Overall =
Groups

A1 = 15.96
B = 11.9
A2 = 12.8
Overalil =
Groups

A1 = 12.0
B = 9.0
A2 = B.0
Qverall =

2
789
791

-2241

1.4

Daj‘o

<
702
704

504

Sum ot riean F katio F Proop
Squares Squares

497.9 243.0 1o34 . 175
113235.8 143.5
113733.7
Sum of Mean F katio F Prob
squares Squares

1847 .4 923.7 0.50 .002
111450.6 142.2
113297.5

Significant (p<.U5) a posteriori
Contrasts: Homagenous Subsets
using Duncan Range Test.

subset 1: B; A2

supset 2: A1l

sum of fiean F Ratio F Probp
Squares Sguares
1620.0 810.3 B.067 000
obolid.l 93.5
67263.0

Ssignificant (p<.VU5) a posteriori
Contrasts: Homoygenous Subsets
asing Duncan range Test,

Subset 1: B; Az

supset 2: A1l



b05

Taole 3

Uneway Analysis of Variance of Femaile
Single-Trial Data for Condicions

RT
Source Dota Sum of nean F Ratio F Prob
Squarsas squares
Between Groups 2 5901312.0 2950656, 0 43.84 .000
Within Groups 1311 B88240040,0 067307.9
Total 1313 F4141952.0
Mean A1 = 781.3 Significant {p<.U3) a posteriori
Mean B = 663.3 Contrasts: Homogehous Subsets
Mean AZ = 623.0 using Dunhcan Kange Test.
M=2an Ovarall = 687.6 Suvset 1: 42
Subset 2z B
Subset 3: A1l
CNV Anp
Source D.F. Sum of Mean F Ratio F Prob
Sguares sguares
Between Groups 2 0008.43 3004.4 13.64 . 000
Within Groups 1311 2887ud.2 220.2
Total 1313 294755.9
Mean A1 = -15.0 Significaat (p<.U5) a posteriori
Mean B = -20.4 Contrasts: Homogenous Subsets
Mean Az = -15.9 4sing buacan Range Test.
Mean Overall = -17.3 Subset 1: B
Subset 2: A1l1; A2
CNV Int
Source D.F. Sum of Mean F Ratio F Prob
Sguaies Squares
petsecn Groups Z 563850.0 281928.0 12.17 L0000
Within Groups 1311 30376400.0 £3170. 4
Total 1313 30940256.0
Mean A1 = -170.0 Significant (p<.U5) a posteriori
Mean B = =-210.0 Contrasts: Homogenous Subsets
Mean A2 = -162.9 using Duncan Range Test.
Mean Overall = -180.7 Subset 1: B

Supset 2: Al; A2



N1

—

Source De Fo

Between Groups 2
Within Groups 1255
Total 1257
Mean A1 = -22.5
Mean B = -23.5
Mean AZ = -21.0
Mean Overalli = =22.3
P2
gaurce D.F.
Betwe=n Groups 2
Within Groups 1231
Total 1233
Mean A1 = 15.9
Mean B = 14.7
Me2an A = 14,5
Mean Overali = 15.0
P3
gaurce D.F.
Between Groups 2
Within Groups 1056
Total 1058
M2an A1 = 17.0
Mean 3 = 14.3
Mean A2 = 14.6
Mean Overall = 15.6

Sum of
squares

1378.5
202106.8
203485.3

500

Mean I Ratio F Prob
Squares
689.3 4,28 .014
161.0

Significant ({p<.Ub5) a posteriori
Contrasts: Homogenous Subsets
using Duncan kange Ta2st.

Sum of
Syuares

407.1‘
196001.3
196408.7

sum of
Sjuares

14204b.1
145064.8

Supset 1: A1; b
Subset 2: Al; Al

Mean F RrRatio F Prob
Squaies
233.7 1.u47 . 229
159.2
Mean F Katio F Prob
Sguares
1209.3 8. 95 000
135.1

Significant {p<.05) a posteriori
Contrasts: Homogenous Subsets
using Duncan xangye Test,

Subset 1: B; A2
Subset 4: A1
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Table F4

Oneway Analysis of Variance of all
Single~-Triai pata for Toaes

KT
Source D.fie. Sum of Mean r Katio F rrob
squares Squarss
Between Groups 6 10847160.0 180693.3 259 017
Within Groups 2107  140923520.0 69731.1
Total 2113 148007680.0
Mean Tone 0 = 659.3 Signiticant {p<.05) a posterijori
Mean Tone 1 = 628.0 Contrasts: Homogenous Subsets
Mean Tone 2 = 683.1 using Duncan Kange Test.
Mean Tone 3 = 636.2 Subset 1: Tone o6; Tone 1;
M=2an Tone 4 = 680.8 Tone 33 Tone 0
Mean Tone 5 = b94.3 Supset 2: Tone 1; Tone 3;
Mean Ton= b = 604.3 Tone U; Tone 4; Tone 2
Mean Overaii = 661.1 Subset 3: Tone 3; Tone 0;

Tone 4; Tone 2; Tone 5

CNV Amp
Source D.F. Sum of Mean F Ratio F Prob
Squares Squares
Between Groups 6 1837.6 306.3 1.57 - 150
Within Groups 2107 410208B.0 194.7
Total 2113 412046.1
Mean Tone 0 = -16.0
Mean Toneg 1 = =14.,5
Mean Tone 2 = -1o.4
Mean Tone 3 = =-15.3
Mean Tone 4 = 15.3
Mean Tone 5 = -18.0
Mean Tone 6 = -17.3
Mean Overall = -16.3



CNV Int
§our0c D.F.
Between Groups o
Within Groups 2107
Total 2113
Mean Tone 0 = =-184.1
Mean Tone 1 = -164.¢6
Hean Tone £ = =-178.b6
Mean Tone 3 = 162.9
Mean Tone 4 = 162.7
Mean Tone 5 = -183.5
Mean Tone 6 = -167.1
flean OQverall = -177.1
N1
Source D.Fe.
Between Groups b
Within Groups 2044
Total 2050
Mean Tone 0 = -23.8
Mean Tone 1 = -21.3
Mean Tone 2 = -22.9
ean Tone 3 = -20.7
Mean Tone 4 = -21.0
Mean Tone 5 = -19,5
Mean Tone 6 = -18.3
Mean Overall = -22.¢

Sum of
Sqguares

174016.0
45313296.0
45487312.0

Sum of
Squares

624042
312920.2
319160.4

Significant (p<.05)

cou

Mean
Sguares

29002.7
21500641

Mean
Squares

1040.0

153.1

trasts:

508

F katio F Prob
1.35 o231
F Ratio F Prob
6.79 000

a posteriora

homogenous Subsets

using buncan Hange Test.

Supset 1:

Subset 2:
Tone 4;

Subset 3:

Tone 0O;
Tone 2;
Tone 3
Tone 1;
Tone 34 lons 5;

Tone 2
Fone 1;

Tone 4;
Tone 6



P2
source DeFa
Between Groups 6
Within Groups 2015
Tctal 2021
Mean Tone 0 = 14,8
Mean Tone 1 = 14.7
Kean Tone 2 = 13.8
Mean Tone 3 = 13.4
Mean Tone 4 = 14.4
Mean Tone 5 = 14.5
Mean lone 6 = 11.0
Mean Overall = 1T4.4
P3
Source Do F.
between Groups o
Within Groups 1758
Totali 1764
Mean Tone 0 = 13.4
#ean Tone 1 = 12.0
Mean Tone 2 = 13.5
Mean Tone 3 = 11.8
Mecan Tone 4 = 13.9
¥ean Tona 5 = 13.5
Mean Tone 6 = 12.5
fiean Overall = 13.2

509

Sum of Mean F Ratio
Squares Sguares

1462.8 283.8 1.59
30Y%bu3.06 153.8
311352.4
Sum of Mean ¥ Ratio
Squares Squares

629.9 105.0 .81
2£27115.8 129.2
221746,

F Prob

. Tido

F Prob

502



510

Tavle ¥5

Oneway Analiysis of Variance oif Male
Singie-Trial pata for Tones

T
source Deko Sum of Mean F Ratio F Prob
sguares Squares
Betwegen GLoups 1<) 308040.0 61440.0 -« 95 « 457
Within Groups 792 51072766.0 644385.8
Total 798 51441408.0
Mzan Tone 0 = 621.3
Mean Tone 1 = 566.9
Mean Tonz 2 = 658.1
Mean Tone 3 = 605.5
Mean Ton=2 4 = ©26.9
Mean Tone 5 = 619.4
Mean Tone 6 = 590.6
Mean Overall = 617.9
CNV Amp
Source D.F. sum of fean ¥ Batio F Prob
sqguares S5guares
Between Groups b 315.8 H2.6 «37 <900
Within Groups 792 113288.4 143.90
Tortal 798 1136048, 2
YMean Tone 0 = -15.2
Mean Tone 1 = -13.8
Mean Tone 2 = -13.8
Mean Tone 3 = -14.5
Mean Tone 4 = 15.0
Mean Tone 5 = -13.6
Mean Tone 6 = -14.6
Mean Overali = -14,.6

i
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CNV 1Int
Source D.F. Suw of Hean F Ratio F Prob
Squares Squares
Between Groups ) 51584.u 8597.3 .48 .828
Within Groups 792 14324056.0 180860.7
Totail 798 T4376240.0
Mean Tone 0 = =-175.b6
Mean Tone 1 = =-162.0
Mean Tone 2 = -162.5
liean Tone 3 = =-175.8
Mean Tone 4 = -180.4
Mean Tone 5 = -155.2
Mean Tone 6 = -165.3
flean Qverall = =-170.9
N1
; Sourcs DaF. sum oOf hMean F katio F Prob
: Squares Squares
Between Groups 6 884.4 147.4 1.03 <408
Within Groups 785 112849.3 143.8
Total 791 113733.7
MNean Ione 0 = -23.0
Mean Tone 1 = -20.1
Mean Tone 2 = =-22.1
Mean Toane 3 = -20.2
Mean Toue 4 = -21.9
Mean Tone 5 = -21.0
Mean Tone 6 = =-21.4
Mean Overall = =-¢22.1




P2

Source

petwean Groups

Within Groups

Total
Mean Tone 0
Mean Tone 1
Mean Ione 2
Mean Tone 3
Mean Tone 4§
Mean Tone 5
Mean Tone b
Mean Overal

P3

source

Between Groups
Within Groups
Total
Mean Tone 0
M=2an Tone 1
Mean Tone 2
Mean Tone 3
Mean Tone 4
Mean Tone 5
Mean Tone 6
1l

Mean Overall

T VI | T T [

1

[T T [T | I T R TR T

780

786
13.8
14.0
13.9
10.06
12.9
13.5
10.1

13.4

512

sum of Kean ¥ Ratio
Squares squares

B22.2 137.0 <95
112475.8 Tud,.2
113297.9
Suw of Mean ¥ ratio
squares Squares

420.9 7041 13
06842.1 95.8
©7263.0

F Proo

.620
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Taovle Fo

Oneway Analysis of Variance ot Female
Single-Triai bata tor Tones

RT
Source DaFa sum of Hean r Ratio F Prob
Squares Squares
Between Groups 0 1624000.0 170666.6 <o HU .0206
Witahin Groups 1308 93178112.0 71237 .1
Totai 1314 S4202112.0
Mean Tone 0 = 684.1 Significant (p<e.Ub) a posteriori
Mean Tone 1 = 663.4 Contrasts: Homoyenous Subsets
Mean Tone 2 = 696.9 using Duncan range Test.
¥ican Tone 3 = ©652.06 Subset 1: Tone ob; Tone 3;
Mean Tone 4 = 711.0 Tone 1; Tone 0; Tones 2
Hean Tone 5 = 738.95 Subset 2: Tone 3; Tone 13
Mean Tone 6 = 612.1 Tone 0; Tone 2; Tone 4
Mean Overali = 687.4 Subset 3: Toune Z; Tonz 4;
ifone 5
CNV Amp
Source D.F. Sum of Mean F Ratio F Probp
Squares Squares
Between Groups 6 3223.5 537.3 241 .05
Within Groups 1308 291603.3 222.9
Total 1314 £54830.8
ilean Tone 0 = -17.5 Signiticant (p<.U%) a posteriori
Mean Tone 1 = =-15.0 Contrasts: Homogenous Subsets
Me2an Tona 2 = -17.8 using buncan Range Test.
#“ean Tone 3 = -15.08 Subset 1: Tone 5; Tone b;
Mean Tone 4 = -15.5 Tone 2
iflean Tone 5 =-20.69 Subset 2: Tone 6; Tone 0,
Mean Tone 6 = ~-18.9 Tone 2; Tone 3; Tone 4

Mean Overail = -17.3 Tone 1




CNV 1nt
source D.F. Sum of Mean F Ratio ¥ Prob
Sguares Sguares
Betwean Groups b 314464.0 52410.7 2023 .038
Within Groups 1308 30746608.0 23506.6
Total 1314 31001072.90
Mean Tone 0 = —-18Y9.6 Siguiticant .(p<.05) a posteriori
ean Tone 1 = -160.1 Contrasts: Homogenous Subsets
dean Tone £ = -187.0 using Duncan kanhge Test.
Mean Tone 3 = -156.,0 Subset 1: Tone 5; Tone 0;
Mean Tone 4 = -152.7 Tone Z2; Tone o6; Tone 1;
iHean Tone 5 = =-200.4 Tone 3
Mean Tone 6 = -168.1 Supset Z: Tone 2; Tone o;
Mean Overall = -151.0 Tone 1; Tone 3; Tone 4
N1
Source DafFw sum of rean F Ratio F Prob
Squares Sguares
BetwWween Groups 6 69609.0 1161.5 7433 - 000
Within Groups 1252 198423.7 158.5
Total 1258 205392.7
Mean Tone 0 = -24,3 Siguniricant {p<.05) a posteriori
Mean Tone 1 = -22.1 Contrasts: Homoyenous Subsets
Mean Tone 2 = =23.3 using Duncan Raunge Test,
Mean Tone 3 = -21.0 Subset 1: Tone 0; Tone 23
Mean Tone 4 = -20.4 fone 1; Tone 3
Mean ‘lone 5 = ~18.0 Subset 2: Tone 2; Tone 1;
Mean Tone &6 = -16.3 Tone 3; Toune 4
Mean Overall = —~2Z.3 Subset 3: fone 3; Tone #4;

Tone 5; Tone 6




5615

p2
Source Daeie sum of Mean F katio F Prob
bquares Syguares
Between Groups 6 1081.8 180.3 1.13 . 341
Within Groups 1228 1957113.2 159.4
Total 1234 196793.0
Fean Ton2 0 = 15.5
Mean Tons 1 = 15.0
Mean Tone 2 = 13.7
Mean Tone 3 = 14.9
Mean Tone 4 = 15.3
Mean Tone 5 = 15.2
Mean Tone 6 = 11.5
Fean Overall = 15.0
P3
Source D.Fe Sum of Mean ¥ Ratio F Proob
Sguares Sgquares
Betvwean GSroups b 596.9 99.5 .72 .038
Within Groups 1053 1460315 138.7
Total 1059 Tdobl2B8.4
Hean Tone 0 = 15.9
Mean Tone 1 = 13.6
Mean Ton= Zz = 15.8
Mean Tone 3 = 14.4
Mean Tone 4 = 1643
Mean Tone 5 = 15.4
Mean Tone 6 = 15.0
Mean Overall = 15.5
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Gl

Appendix

Table of Individual S Correlation
Coefficients Computed Overall Conditions
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Table Gla

Uverall Correlation Coefficients for Single Subjects

Reaction Time witn:

S M3 My N1 Amp P2 Amp P3 Anmp 5pL GSP1 GSP2
01-4 .18% e 17% . 19% . 22% . 29% -. 39% R W%
03-4 .19 « 11 -.09 . 25% «01 -. 206% —,25% -_10
Q-4 -.02 .05 .00 .13 -.07 -.01 .01 -.08
05-M .3b% .28% . 20% .10 -.405 -.12 -.12 I
06-4 .10 .08 .01 .02 .11 -.09 -.13 .03
07-n .01 .02 -.02 .01 -.01 . 07 -.02 -.02
08-8 .02 -.03 -.06 -.01 .06 - 11 -.12 .12
09-F .22% . 20% -.10 09 .06 -. 10 .00 -. 12
11-F  .139%* . 18%* .00 .90 .06 .14 .08 -.06
12-F .30% .21 .03 .02 -5 -. 11 - 12 .07
13-F -.11 - 14 - 01 .90 -.05 SLUX - 22% .13
14-F . 19% « 14 -.11 . 0b -.01 —e32% —.34x «30%
15-F .05 .08 .04 -.05 <14 «30% —-_18% . 34%
1o-F -.01 04 -.02 -.04 .09 - 19% .08 . 15%
18-F .03 -.09 ~e204% -.06 13 -~ 63% - 35% . 58%
19-F -.07 -.02 -.00 .00 .05 -. 10 .07 -.12
20-F -.04 .04 -.08 «20% .19 —. 4 B* TR, o 3%
21-F -.02 -.11 .01 .13 - 24 -. 12 —e2b¥% =_33%

*=p< 05
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Taple G1bp
Ov=arall Correlation Coefficients for Single Subjects

CNV Amplitude (M3) with:
s My N1 Amp P2 Amp P3 Amp  SPL GSP1  GSP2

01-4 .78% . 20% U 1% «38% —.29% . 37% .« 37%
03-% .84% <07 AR JHO* -.00 -.07 -.13
04-11 <B2%* . 24% «30% «30% .06 .08 - 01
05-1  .O4x* .08 .lo .13 -.10 .12 .17
06-4 .B87% .3 1% . 2B8% +D5% ~-. 14 -. 12 - 19%
07-14 .82% .08 s 24% «27% .03 - UV -.0u
08-1 .84* .10 . 29% +38% .15 -.23% . 25%
09-F L.87% .UB .14 «39% -.15 -.01 -.13
11-F  .B89% «20% .13 L 9* ) -.18% «22%
12-F .76% 18 .19 e Lb* -.30% .23 .11
13-F L738% .15 . L5¥ .2 3% .00 <15 -.07
14-F L87% e JU* « D4 % .b5* —.53% =~,50% o B I*
15-F Q4% o LU* AL s 32% .01 -.03 - 04
To-F 79% .14 e 22% . 4 5% .10 .10 .10
18-F .8B% L0u4 -.0z -.01 .01 .08 -.00
19-F .383% w07 .07 ~.106 .16 -.1c .17
20-F .85% «30% . LB¥ o4 1% .09 -.06 -.038
21-F .806% . Z8% «25% LHb* . 20% . L3¥ .09
*=p<.UD
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Overall Correlation Coefficients for Single Subjects

CNV Integral (Hd)

s N1 Amp
01-n N
03-M .18
O4-K <36%
05-M .U9
Ob-HM «41%
07-4 . 20%
08-4 .19
09~-F .13
11-F C21%
12-F ~40%
13-F . 30%
14-F aD2*
15-F «37%
16-F .18
18-F .00
19-F .04
20-F 43x
21-F .38%*

P2 Amp
- ld2*
. 45%
- 39%
.12
. L3%
e 29%
o 34x%
.19
. 29%
.10
«39%
. b5%
«48%*
. 32%
- 05
- 14
- 33%
. 35%

with:

P3 Amp 5PL GSP1 GSpP2
e D3% - l3%* e 2% o 27%
202X - U9 .08 .00
S UB* ~. 10 - 11 .13

-0 .01 « 03 .01
«D2¥ -.05 -.05 .06
s 33% - O —. U2 -.06
TR S «Z5% -, b¥* 23%
+50% -a 19% + 01 -.15
«39%x « U8 -.09 «13
. JUF - 27%* . 25% «1b
+38% ~ 2 04 «35%  —_,05
e 71% —.4B*x -, 39%* TR
YR .01 -. 01 - 05
.bb* .08 .08 <07
.01 « 06 ~ 01 -.05

-.07 « 03 —wUJ U4
«Sb* - 07 -« 05 -. 06
o D0 ¥ e 22% o 2% .13

s it

*=p<. 05
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Taple ¢1d
Cvearall Correlation coefficients for singie Subjects

N1 Amplitude wjith:

S P2 Amp P3 Amp  SPL GSP1  GSP2
01-4 . 28% L29% =, 07 m T
03-n . LBX - 30% .11 .10 »13
04-M .24 .19 .10 .10 -.12
05-M .28% « Z9% .03 .01 -.0p
06~k 4H* .13 . 34% S3Ux - 27
07-#4 .03 .07 <04 2100 -.09
08-i L21% 0 -.03 L19% =17 .15
09-F «33% o LL* -.03 -.02 -.06
11-F .13 -.09 -.11 -.18 .14
12-F .14 3% -_13 L26% L 26%
13-F .23% . 28% .07 -.02  -.02
14-F 5% « Db % -.05 -.07 .03
15-F T .17 -.02 L8 -.01
l1o-F - 2B% e 20% -.28% -.11 —e 3%
18-F .08 .17 «25% .00 -, 25%
19-F .01 .06 .06 -.03 -.00
20-F . 36% .36% L19%  -.11 -4
21-F .37% .23 - Uk -.09

¥=p< 05
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Overall Correlation Coefficieunts for siugle Subjects

P2 Amplitude with:

3 Amplitude with:

S P3 Amp SPL GSP1 GS5PZ SPL G5P1 G3PZ
01-M «34% =,28%  ,31% [ 31% -.30% . 39% - 39%
03-4 245 -.13 -.13 -.M .11 .10 .12
04-1 «20% - UB  -.22%  L.09 —e 3B¥ - 45% s 43%
05-1 <13 -« 206% —-.27% 22 . 1o .15 ~.09
06—t . 25% -07 .03 -.0Y9 -.19 ~-.18 «22%
07-1 .20% -.03 .08 - U9 -. 07 ~.10 .05
08-H .« 39% .03 =-.03 -.01 -.09 -.01 «07
09-F .13 -a23% .13 - lb* —e25% =-,02 ~e21
11-F .07 00 .10 -.09 - 18 - 04 -+01
12-F < U45%* «09 =-.01 -.13 . 17 .19 «09
13-F 2 26%  —LU2 09 -,02 -.03 .0b .06
14~-F «DU*  -,28% -,29% ,/Jo* -.39*% -,39% «37%
15-F 4 B* <10 -.12 . 11 s ZUX* -, 19% e 2b¥
To-t «31*% -.05 -.09 -.04 .19 .03 .18
13-F «36% «03 -.07 -.03 -. 14 .15 .11
15-F «35%  —,29% 23% - _22% -. 18 - 04 ~.19
20-F .40 -.18 .16 AR ~. 2H* .19 «23%
21-F ~HU* « 14 .16 « 1o . 09 -.00 ~-+10

*=p<L.05
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Table G111

Gverall Correlation Coefficients for Single Subjects

—— —

SpyL with: GSP1 with:
S GSP1  GSP2 Gsp2
01-1 =-.91*% ~,91% « 99X
03-1 «Y9x eD2% JRTRSE
O4-H «H0* —,92% -~a53%
05-HM 89k ~_,91% ~o 12%
06-4 LU -, 91% — . 715%
07-M =~.21% ~,87% o 40*
08-# =—~.80% .6 1% ~ . 94x*
09-F s lUY*x «95% s DU
11-F .67% -—-_.5b% ~.97*
12-F .00 - 42% e23
13-F -~.b64%* « 19%* ~ . 20%
14-¢ +B4* —-.98% ~ o B4*
15-F =~.79%* .95 % ~ . 82%
16-F e 39X » 98 % e 30%
13-F =.l8z2% -,95% . 30%
19-F =~.91% «82% . ~e.D1*
20-F =-.89% =-,93% e 97%
21-F . d9% <69 * . B9%
*=p<,05
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