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Abstract

This study was carried 6ut to investigaté changesrin the
Auditory Brainstem Evoked Response (BER) résulting from the
interaction of binaural dlick stimuli (sound lateraliZation) in
the Classical Auditory System (CAS). Twenty normal hearing
male and female university students -served as subjects. Scalp
evoked responses were collected from vertex/mastoid,
vertex/non~-cephalic .and mastoid/mastoid derivations. Click
parameters included phase, tims and in;ensity; Both the
amplitudé and latency of six positive and five negative BER
peaks uére determined and anal&ses of variance carried 6ut.
Comparisdns included binaural vs algebraic. summed equivélent
mohaural respoﬁses; binaural rarefaction vé binaural
condensation evoked responses; masﬁoid '‘reference! vé

non-céph@}iéiireference' derivations; and, mbnaural right vs
monaural'left'late;ciES'fof BER positive‘peak'five.

Clear evidence for binaural coding at an early
and i\later BER generatcr source was shbuﬁ. In addition,
support was provided for the following: »

a) a reiteration 6f the BER active nature of mastoid

wreference" sites;



b

b) the mimicking of dipole configurations by Peak 2;

c) a larger overall vertex/non-cephalic waveform, as compared
with a vertex/mastoid waveform, suggesting that all BER
Waves are homéphasic at the vertex and mastoid; '

d) active CAS processing represented in, some BER troughs;

@) BER representation of a dual CAS information processing
systenm ;- on2 involving peripherél coding, and a sebond
irvolving central decoding and encoding for localization;

f) phase-coding as an end-organ proéeés;

g) a right/left difference in the coding and transmission of
information concerning phase; |

h) possibility of bilaterally(equal BER intensity/latency
functions; and,

i) possiqility that the BER '"slow wave!" is a momnaural
phenomena.

The implications of the above are discussed in terms of

expected changes based on past BER research, other lines of

1

auditory research and hypothesized BER generator sources.
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CHAPTER_ONE

The b;ainstem‘evoked response (BER), recorded from a
vertex/mastoid derivation, has been sﬁudied‘extensively in the
las+t ten years. Based on animal and human studies,.it‘has beeh
widely accepted that the wave peaks of this responselrepresent
the successive agtivatidns of the classical auditory system
(CAS). Much time and effort has been expended on the |
delineation of the specific generator sources for each BER wave
peak, and a general consensus hasaemerged: This study attempts
to integrate §%st BER research with other lines of auditory
research in an effbrt a) to determine if auditofy‘binéura}
interactions (sound lateralization) are represented~in the BER;
and, b) to correlate BER changes (if they 6ccur) with expected

changes based on hypothesized generator sources.,




THE_CLASSICAL AUDITORY SYSTEM (CAS)

-~

The Centripetal System (Figures 1 and 2)

The anatomical'orbanization of thé CAS has been determined
mainly from animal studies, While it has been conjectured that
human structure resembles that of other species, the observed
inter species variation_makes-this extrapolation'somewhat
hazardous, Nevertheless, this hypothesis, modified by limited
human data, constitutes our best estimation of the Structure-of
the human CAS. . The majority of the following has been
condenced from Gulick (1971) and Gacek (1972).

The cochlea tramsduces mechdnical energy iﬁrthe form 6f
sound waves into tonotopically organized neural codes through
its acc;ssory structuresland orderly arrangemeﬁt of receptor-
elements. These codes are transmitted to the auditory cortex
via a number of nuclear stations, within which further
processing probably occurs, as indicated by the progressively
Vgreater number of parallel pathways aﬁd diverse inter-
ccnnections., | ‘

The afferent innervation of the Organ of Corti i§
accomplished by the bipolar cochlear neurons. These cell

bodies, numbering in excess of 31,000 (Rasmussen, 1940),

R TP R SRR
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P
comérise the spiral ganglion of Rosenthal's canal. The lateral
processes .reach direﬁiiy to the énd oggan, while the medial
processes project to the medulla through the internal auditory
‘meatus, - The medial processes of the cochlear nerve, are
tvisted +*ightly together rés&iting from the developmental
coiling ofithe cochlea. In terms oé the BéR, tLis twistiﬁi»
raises some question as to the source of wave one (see Figure
3). Since *he dipoles of each individual action poteniial
will be oriented at all meridians. of a 360 deg;e; circle, anq
thereforé tend to cancel, it may not be logical to assume that
wave one originates from the-eighth nerve. Fibers from the
apical-turn of the cochlea occupy a central route thgough this
nerve, while basal-turn fibers follow a route near the
peripheral and inferior margins. Of interest is that the
density of figers originating in the middlé cochlear turns
(locus of maximal activation by middle frequenéies) is greater
than the density from either pole, consistént with the known
greater sensitivity in humans to middle frequency tones.

The afiditory portion of the eighth‘cranial nerve;enters
the medulla near the border with the-pons; the fﬁl;Alength of
this nerve averageé only Smm, while the myelin-sheath diameters
vary between 3u and 10u, The terminus of all thesdc%irst—order
auditory fibers is the cochlear nucleus (CN), a nuclear station
comprised of two major divisions: a) the dorsal cochlear nucleus

(DCN) ; and, b) the ventral cochlear nucleus (VCN) which is



Cochlear nerve
Cochlear nerve

Scala tympani

scala media. The distal neural endings connect with the ;pi ganglion from

which the proximal endings twist upon each other and run
internal auditory meatus to synapse in the medulla. (4

FIGURE 3 ,
(GULICK, 1971}
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further divided into the posteroventral éochleaf’nucieus (PVCN)_,
and the anteroventral cochlear nucleu$ (AVCN){ Upoﬁ entering
the anteroventral complex, ail fibefgwbifurcate, sendingiaxoﬁs
into the DCN and PVCN divisions (Rose et al., 1960),
Degeneration studies (Sando, 1365) and other experiments
concefning the location of best fiber frequency within th% CN
(Rose et al., 1965{ suggest that the topographical ordering of
the cochlea is reproduced in the CN. Fibers originating in the
upper basal and middle regions cf the cochlea terminate in the
dorsai portion of both the DCN and PVCN, while those from the
apical regqgions terminate in the ventral areas of both CN
divisions., Fibers from the lower basal turns, however, show a
much more general termination Hifhinvthé CN (Lorente,de No,
1933; Rasmussen, 1360; and, Sando, 1965). Althougﬁ the
afferent input is to both the DCN and VCQL»by far’tﬂ; majority
project to the VCN., All evidence so far indicatés that no
first-order axons bypass
the CNi The greatest number of axons synapse with
second-order heurons. However, a certain percentage are
internuncial, thus providing the necessary structure for
comblex cellulaf interactions to oécurrat this level.
Second-order acoustic fibers project from the CN to the
mesencephalcn and thdlamus via the lateral lemniscal acoustic
pathfays. These fibers ascend by way of tqiee main tracts

within the medulla; the tracts of Monakow and Held in the



b

dorsal position, and the Trapezoid body inbtﬁe ventral
,position,

Tﬂe tract of Hoﬁakow»(dorsal acoustic stria) is the larger
of the twovdorsal tracts (see PFigure 2). Originating in the
dorsal portion of the DCN, these fibers pass threugh the
reticular formation, decussate via the posterior tegmentun,
send collaterals into the contralateral superior olivary
complex (SOC) and terminate in either the dorsal nucleus of the
lateral lemniscus (LL) or in the inferior colliculus (IC). No
axons of this tract terminate higher than the IC level. The
tract of Held (intermediate acoustic stria) originates in the
VDCN and terminates on cells in both the ipsilateral SOC and
contralaterel SOC (after decussating via the intermediate
tegmentum). The Trapezoid body (vehfral acoustic stria)
originates in the VCN, passes thrqugh the anterior tegmentun
and sends fibers to both the ipsilateral and contralateral
trapezoid nuclei, Some of the axons synapse at this level with
third-order acoustic neurons before ascending intorthe LL,
while others ascend directly into the LL, sending collaterals
into the Trapezoid bodies and reticular'formation.

vThe terminations of the intermediate and ventral acoustic
striae in the SOC result in a pattern that is probably
important for the location of sounds in space, as discussed
below, There are diffuse terminations with the main superior

olivary segmen*, lateral terminations with the homolateral



accéssory olivary region, and medial ;erhination with the
contralateral accessory olivary nucleus. Another possibly
important pattern has been described by Rasmussen (1967); the
trapeZgmd bodies send axons into +he laterai supe;ior-olivary
nuclei, which have direcinefferent connections with the |
contralateral VCN, This results in a direct connection between
the two VCN via a chain éncompassing only twWwo synapses. ’
The SOC appears to play threé important roles: 3) as the
first level for the integration of binaﬁral inputs (as
discussed below); b) as a relay center for the CAS; and, c) as
a center for the mediation of c?rtain eye and hand movements in
response to sound as wvwell a§ the reflex contractions of the
middle-ear muscles., In addition, there appear to be reflex
connections that involve the somatic musculature via the spinal
nerves., Another important consideration, in terms of the
source of the BER, is that the SOC has been described as a

closed field pool by Lorente de No (1347), That is, most of

the dendrites are located in the center of the nuclear mass,

-while the somata lie in the periphery.. Since the currents will

flow radially between the periphery and the center of the pooi,
theoretically, no neural activity can be detected outside the
volume of the nucleus,

vSecond- and third-order fibers pass through the LL while
third- and forth-order fibers make synaptic contact ;t this .

.

level before ascendiqg to higher auditory nuclei. In addition,
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~the LL pathways are the origin of two important collaterai,
routes; omne projectingrto the verﬁis 0f the cerebellum, and a
second, more diffusé route involving the reticular formation,

Almost all axonal p;ocesses synapse>at the level of the
IC; those that do not, send collaterals into ‘the IC and synapse
iﬁjthe parvocellular portion’'of the medial geniculate bodies
(MGB) , after passing through thg brachium of the IC. No
neurons, hcwever, from the CN or SOC reach the nucleus of the
MGB directly. Decussations of the CAS above the level of the
SOC occur at the level of the dorsal nucleus of the LL (small
commissure) and the IC (strong commissure). The IC is composed
of three divisions: a) a main spherical nucleus; b) a gray
nuclear mass medial to the main nucleus; and, c) a smaller
lateral nucleus. These divisions are richly interconnected
with each other as well as the divisions of the contralateral
side, In addition, there are some connections with the visual
centers of the superior colléculi. - -

No ascending neurons decussate or bypass at the level of
the MGB., Therefore; these final neurons which send axons via
the auditory radiations'to the superior temporal gyrus of the
cortex (transverse gyri of Heschl) by way of the sublenticuiar
por<ion of the postericr limb of the internal capsule, are at
least of the fourth order.

The MGB are composed of a superior and an inferior lobe.

While the inferior lobe's role is chiefly with the ascending



Tt
projections, both lobes recsive descending projectioms. The
inferiqr lobe has been cytologically divided into the pars .
principalis (PP) and the pars magnocellularis. The majority
of, if not all, ascending projections are by way of the PP, and
terminate in an orderly fashion in the primary auditory centar
(EI) of the cortex. Projections from the anterior portién end
rostrally on AI, while *hose of the posterior pcrtion end

caudally on AT,

The Centrifugal System -

Rasmussen (1346, 1953) described two separate efferent

neural systems that originate at cortical levels and end in

~either the SOC or DCN,

. Tt

¥ ?:The first system originates in auditory areas AI or AII
(secondary cortical auditory aréas in the inferior temporal
lobe) and descends £o the IC through the MGB. Second-order
fibers synapse at this level and descend to the SOC where they
synapse with multipolar ceils comprising the olivocochlear
nucleus, |

The second system originates fh both auditory areas AI and
AII as well as associated areas. Similar to the first systen,
most 0f these fibers make synaptic contact at the IC, although
collaterals project into the reticular formation aﬂd the MGB.

Second-Brger fiters descend as a compact bundle running along
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side the ascending tracts, and termirate mainly af t+he level of
the ipsilateral préolivary nucleus, although a'number of.fibers
do términate atvthe level of the contralateral nucleus, , \\\\\'
Numerous other third-orde; efferents synapse at various levels
in this fiact and terminate in the DCN,

The efferent éochlear‘bundle, which descends from the S0OC

to the haif cell receptors, is composed of two separate
branches; the olivocochlear bundle, and the peduncle of the \
olive, The olivocochlear bundle, consisting entirely of
crossed fibers, originates in the medial accessory superior
olivary cleus an passes negr the abducent nucleus before
joining i§£ cochlear rerve to terminate on the outer hair
cells., The peduncle cf the olive,hélso originating from the
accesscry clive area, is only 1/4 the size of the olivocochlear
bundle and is composeqrof totally uncrossedraxons (Rasmﬁssen,
1960) which terminate near the inner hair cells, 2although the
nusber of fibers entering the cocélea is rather small
(approximately 500), they ramify sxtensively within the
cochlear duct, resulting in excess of 40,000 endings on the
outer hair cells. The distribution of the endings on tgg‘outer
hair cells is not uniform, ranging from 6~8 endings per cell
near the base and decreasing progressively toward the apex,
Although the efferent fibers terminate directly on the outer

hair cells, they do so only rarely on the inner hair cells.

The consensus i1s that, rather than affecting the hair cells
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directiy, zhese endings have regu%atory contfél over the
activity of thsz zafferernt fibe:s. }it is evigdent tggt thé
exrtensive rampificazion ¢f these relatively féw4fib§fé results
in an “nnerva*ion pattern that is diffuse ard und;fferentiated.
The centrifugal fibers are likely a means pf feedback cpntrol‘
of thé auditory izpu%, both processing and sharpenirg signals,
and inhibiting noise.

That “he 2uditory systea is igvolved in'a number of
codplex integra+iva furnctions is indicated by the converging
and diverging na=ure of *the neural coanections, the descending
as well as ascending pa<hways, the numerous crossed
connectioné, and <he increasing number of axons\as the patﬁvay
ascends frcm one rnuclesus level to thelnext. As a graphic
example of the’increasing ccaplexzity of the CAS, Chow (1351)

carried out a cell count of one half of the monkey's CAS:

‘CH = 38,000
50C = 34,000
LL = 38,000
IcC = 332,000
¥GE (PP) = 364,000
Cortex = 19,000,000

ot



CHAPTER THOQ

BRAJN STEM EVOKED BESPONSE (BER)

Thke recording of zhe zuditory brain stem response via
scalp electrodas is a relatively new procedure., Although both
~he tecanical knovwliedge azd the instrumentation were available

in tae early 53's, recor-ds wers not obtaimed until the late

‘.,J

€2's, probably as a resuls of :isconcepfions about the
plausibility bf reural voluae conduction (Cooper et al., 1365).
Physioclcgical sensory ;ésea:ch at this time primarily involved
sizgle upit recoriing via depth ele;trodes in ag}nal pre-

parations and/or averaged cortical evoked potentials, Clinical

recordipgs of “he cochlear micropaonic and eighth nerve action
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techniques <¢hat <he scalp -2corded BER was developed.
Cochlear sicrophonic potrentials from the round windovw were
ooserved in humans as early as 1335 (Promm et al.). During the

zex+ 15 years amplification and recording techniques were

-

greatly iaprecved (Pe-lazn and Case, 1341; Lempert et al,, 1347;
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and, Lempert et al., 1350). In 1350 (Lempert et al.),
prcmontoéy recording, agconplished by passing a needle
electrode through the tympanic membrane during surgery, was
suggested as a possible clinical technique. ‘In 1961 a
diagnostic method was proposed by which click evoked brain stem
action potentials could be recorded from the rouﬁd window,
again during ear surgery (Ruben et al.). By 1367 | ‘
elect;ocochleography (promontory recording) had becomeﬁa
rou~ire diagnostic technique (Portmann et al., 1967), however,
it failed to provide either a panoptical view of the auditory
sys:eﬁ, or to deal with the distructive effects of the
electrcde, In that sanme yéar, two important studies in +the
initial degelopment of BER recording were also reported. In
both caseslthe'attempt was to fihd a way to measure cééhlear

! ~

action potentials (eigh+%h nerve énd'cochlear nucleus APs)

©f

vithput résorting t0 surgical procedures. Using averaging
zechniques, Yoshies et al. (1967) recorded ¥hese poténtial
fluctuations from a needls electrode placed iﬁ the -skin of the
external auditory meatus referred.to ihe earlobe, uhile Sohmer
and Feinnesser (1367) recorded them from the earlobe referred 
=0 =he nose., Sohmer and Feinmesser were»able to identify fqu:x
successive negative peaks, approximately one msec apart,
al-hough tha last two showed a great deal of variétioﬁ,in

latercy. These workers concluded that the first two peaks were

=he N1 and W2 components of the cochlear action potential,v
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while the following two were either the repetitive firing of
the eighth nerve, or the activation of auditory nuclei in the
brain stem. In a following study, Sohmer and Feinmesser (1970)
recorded these same Wwaves with an earlobe/vertex electrcde
derivation, although the published waveform clearly shows the
first six BER waves. Implicit in these reports was the
acceptance of vdlume conduction of neural pdfentiﬁis’ovér
relatively exteﬁsive distances,

In 1970 the first comprehensive study of these early
auditory EP components was reported, Jewett (1370), using
depth”electrodes.in cats, recorded five positive waves
comparable both in latency and amplitude to those reported by
Sohmer and Feinmesser. This study is iqpo}tanf not only for
being first bu* aiso because the reSults have been used
extensively as the basis for further Study.

Jewett uséd two 'active' electrodes both referred to the
cat's tongue. Ths first was placed in the caudate nucleus (a
non-auditory nucleus) as a reference for any changes in
wvaveform over time; the second was stereotaxically advanced
through the brain stem auditory nuclei;'with recordings taken
at a number of sites. The intent wasvto correlate anatomical
location with particular aspects of the Havgform so that the
contribution of any one auditory nucleus or‘tract céuld.be
‘&etermined. Jewett concluded that the'first wave was generated

bi the action potentials of the eighth nerve, the second wave

w 2
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was generated near the cochlear nuclei, the third in the’
vicinity of the superior.olivary complex, the'fourth in an area
ranging from the lateral lemniscus to the brachkium of the
inferior colliculi, and the fifth from an area including both-
the inferior colliculi and the medial geniculate bodies. A
Nbasic problem with Jewett's study arises from his
interpretati&n of depth recordings based on the work of
Woodbury (1365). NWoodbury showed that an action potential
moving either toward or away from an electrode in a
three~dimensional infinite volume conductor will be recorded as
a positivity, whereas, as it passes the electrode it will be
recorded aé a negativity., Jewett éonsidered that both an
increaée in amplitude and an inversion in polarity in BER
components as the electrode was advanced through the brain stem
would indicate that component's generator source, Howe@er,
considering both the complex ingertwining af the auditory
systenm's projeetions, and the anisotropic and inhomogenous
firite neural volume conductor of the cat brain, it is
questionable whether Hoodburf's theory is applicable.

BER research has been c;rried out in a great many labs,
each, more or less, supporting Jewett's historic findings. In
addition, comparisons.between humans,'monkeys, cats and rats,
based on the relative size and weight of the brainstem, have
shown response similarity across s@ecies (Allen and Starf,

1978) . In general, the first 10 msec of the stimulus-locked
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auditory response shows a sequence of seven or more positive
waves when summed at the vertex. The earliést wave appears in
the 1.5 msec latency range and the seventh in the 7-8 msec
range, with approximately one msec between wave peaks. Wave
seven is the same as wave NO of the middle/auditory components
(Mendel anq Goldstein, 1363; Picton and Hillyard, 1374; and,
Picton et al,, 1974). Fiqure 4 (Hallman, 1977) sﬁows a BER
waveform with hypothesized neural generators. It should be
noted that these 7 waves are the most consistently seen, both
within and between subjects. Other waves occur at times,
however, such as a wajshbetweén wave five and six reported by
. o
Don et al. (1977). Sfiée the first BER wvwave (latency
approximately 1.5 msec) is considered to be the first
measurable component of the néural conduction of auditory
signals as seen by a scalp electrode, it has been considered as
a measure of peripheral conduction latency (PT), whereas, wave
five minus wave one has been used as a measure Af central
conduction latency (CT) (Huarg and Buchwald, 1978; Salamy and
McKean, 1376; Salamy et al. 1375; and, Shah et al., 1378).
Jewett recognized thét although the first wave may
represent exclusively first order neuroﬁ§, this is likely not
to be the case for later waves. ﬂis reasons are based on a
number of reports that show the activity in some of these
nuclei extends into the period of the following waves (Ross et

al,, 1359; Moushegian, 1962; Katsuki et al., 1958; Galambos et
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al., 1959; and, Thurlow et al., 1951), For example, the

cochlear nucleus (BER wave at approximately 2.5 msec) shows
activity that lasts up to 4.5 msec, and the superior olive (BER °
wave at approximately 3.5 msec) has single unit responses that

vary between 2.5 and 10 msec,

BER_PROPERTIES

The average latencies of BER wave peaks have normal
distributions'(Thorntog, 1975) with little within or between
subject variability (Anadeo and Shagass, 1373; Goldenberg and
Derbyshire, 1975; Hecox and Galambos, 1974; Rosenhamer et al.,
1978; salamy and McKean, 1976; and} Weber and Fujikawa, 1977)
although Amadeo and Shagass report that the latencies of wave
two and four were found to be prolonged on the second day of
recording, Myogenic contamination does not appear to be a
factor. Potentials from the middle ear muscles have a ten msec
latency, with intense stimulation (>75 dB) (Jewett et al.,
1370; Picton et al,, 1374; and, Simmons et al., 1966).”A1n
addition, Picton =2t al. (1374) indicate the following for
auditory scalp muscle reflexes:

a) post-auricular muscle: variable fgpm subject to subject
and even within éubjeéts. Large negative peak at 11.8
+/- 0.8 msec and positive af 16.4 +/- 0,7 msec;

b) temporalis muscle: very easily recordable from subjects
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with clenched teeth. Large negative peak at 17.2 +/- 1.9
msec and positive peak at»22.8 +/~ 2.8 msec;

c) neck muscles: recorded fronm inion, ' Begins as early as
7.4 mséc. Has multiple components: negative waves at
11.3 +/- 0.2 msec and positive waves at 16.8 +/- 2.4 msec
and 33.8 +/- 0.5 msec; and; |

d) frontalis muscle: highly variable response. There is
usually a distinct positive component at approximately 30
msec. Streletz et al. (1977) have shown this reflex to
have a positive wave at 14-18 msec and 22-36 msec.

The wave peaks are not affected by habituation (Salamy and
McKean, 1976; Schulman-Galambos and Galambos, 1975; and,
Webster, 1371); by lack of attention (Picton and Hillyard,
137@; and, Picton et al., 1371); by sessional experiences
(Thornton, 1975); or, by fatigue of the neural system
(Schulman-Galambos and Galambos, 1375)., However, Huang and
Buchwald (1978) suggested that observed decrements in the
amplitude of wave one which result from increases in stimulus‘
duration or decreasSes in inter-stimulus-interval (ISI) méy be
due to overstimulation and/br fatigque of the system. Jewett
(1370) reported that both increases in peak latency and
decreases in peak.amplitude result after prolonged stimulation
in ahimals. Tﬁis is compatible witﬁ an earlier study in which
prolonged duditory stimulation resulted in a progressive

amplitude decrement in cats (Hernandez-Peon and Scherrer,
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13955) . The BER waveform, however, has been shown torbe
completely adapted by the 3rd to 4th click (Thornton and
Coleman, 1975). i}

Although states of consciousness, whether natural,
traumatic or drug-induced, have long been considered not to
effect the BER (Amadeo and Shagass, 1973; Goldenberg and
Derbyshire, 1975; Séhulman-Galambos and Galambos, 1375; Sohmer
and Student, 1978; Sohmer et al., 1978; and, Zollner et al.,
1976) , recently a number of studies have suggested that
specific drugs dozgpangg the waveform (although as early as
1972, Jewett and Romanc noted changes in BER amplitude, in rats
and cats, that were dependent on depth of anesthesia). BAllen
and Starr (1978) showed that, in monkeys, barbituate injections
led to amplitude reductions in all waves. Mendel (1977)
showed, in quinea-pigs, that, with low~-intensity clicks,
Ainjections of atropine result in a doubling of the wave
amplitude and an increase of up to 0.3 msec in the latencies.
Squires et al. (1978) and Starr (1378) have shown that, in
humans, intoxicating doses of alcohol result. in latency'
increases, although nbt amplitude changes. |

The interaural latency difference (ILD) has been shown to
be less than 0.2 - O.3ﬁmsec (Selters and Brackmann, 1377) and
is nov used as the cut off for indicating pathology (Clemis and
Mitchell, 13977), although one study presented data showing

quite marked wave seven differences in normal subjects (Rowe,
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1978) . Clemis and Mitchell have also shown tha* bone
conduction of the clicks may result in a low amplitude peak
five that is delayed 2-4 msec; however, Rosenhamer et al.
(1978) have shoﬁn, with patients deaf in one ear, that this
phenomenon becomes no*iceable only with click intensities in
excess of 75 4B HL.

The BER components show a complex of effects ccmmon to all
neural systems (Eicton et al.,, 1377). Decrease in stimulus
intensity results in dacreases in wave peak émplitude and
increases in wave peak latency (Allen and Starr, 1378; Huang
and Buchwald, 1378; Hyde et al., 1976; Jewett et al., 1370,
Kodera et al., 1977;-Portmann and aran, 13971; Pratf and Sohmer,
1977; Yoshie, 1968; and, Zollner et al., 1976). As the ISI
decreases there is a descrease in peak amplitude and an increase
in peaf Latency (Allen and Starr, 1378; Amadeo and Shagass,
1373; Hallman, 1377; Hecox and Galambos, 1374; Jewett and
Romano, 13972; Picton et al;, 1974; Pratt and Sohmer, 13976; Rowe
III,‘1978; and, Webster, 1371). These changes are, however,
noct proportional across all waves (Pratt and Sohmer, 1376).
Although the amplitude of wave cne appears to increase in a
lirear fashion with increasing click intensity, the later waves
reach a saturation point at intermediate intensities, and may
even occasionally decrease in amplitude at high intensities.
Latency shifts resulting from changes in stimulus intensity, on

the other hand, affect all waves equally. Decreasing ISIs
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result irn a larger decrease in wave one amplitude as compared
to the later waves, whereas, wave one shows no ISI/latency
effect as do later waves., In all cases, decreases in ISI
result in a greater latency shift in a particular wave as
compar=d to the wave preceeding it{» The "accumulation" effect
was explained as the :egult of the converging and diverging
tracts of the ascending CAS. " Given the increasing numbers of
neurons at progressivly higher levels of the CAS (Chow, 195i),
the accumulation effect shoula result in wave five haying the
largestzinctease'and decrease with changes in Stimulus
parameter., Howevar, ccnsidering the relatively small;dynamic
range of the later waves (i.e., the "saturatioa" effect
described above) Pratt and Sohmer (1956) suggest the following:

",.,. a seall number of active, lower order fibers
activates a much larger number of higher order neurons
(divergence) and each higher order neuron is activated
by the synaptic contact with many lower order neurons
(convergence). Thus, higher order neurons are already
maximally activated at intermediate click levels. As
the click rate was increased,, the amplitude of N1
decreas=d4, probably because of refractoriness, but the
number of active fibers reaching the next nucleus may
still have been sufficient to cause the smaller than
expected dacrease in amplitude of the response from
higher order brainstem nuclei, Also as click rate was
increased, a particular volley may be more effective
since it may find some residual excitation remaining
from the previous volley. Further evidence for these
hypotheses comes from the observation that at low click
levels, when the ... first wave ... is-hardly apparent,
the fourth wave ... is clearly seen, indicating that a
very small number of primary auditory nerve fibers
(insufficient to give a clear response in this
raecording) nevertheless succeed in activating a
sufficient number of higher order neurons."



25

The foregoing may also be a plausible explaination for the
- prevalent finding that wave five is thé largest and most easy
to record at low stimulus intensities and is least affected by
changes in ISI (e.g,, Jevwett and Williston, 1971). Naunton and‘
Zerlin (1376) found that the N1 wave (BER wave one}
intensity/amplitude function was not monotonic and, in fact,
showed the?same relative leveling and decreasing function at
high intensities that Pratt and Sohmer report for the later
waves, This function, however, was dependent on the frequency
components of theVStimulus. The amplitude of wave one is
determined by three factors: a) the total number of acti!ggfg
neurons; b) their rate of firing; and, c) their degree of
synchrony. The general increase in amplitude of wave one
coincident with increases in stimulus intensities may be caused
by two factors: a) increased firing of individual'neurons;

or, b) increased number of activated neurons that - result from
the broadening of the basilar tuning curve due to increases in
intensity. The third facfor, that of syn}hrony, is a function
of the frequency of the stimulus and infljuences the amplitude
of wave one in the following way: Bekesy's traveling wave has
its greatest velocity\ét the basal turn (high frequencies),
slowing progressively as it moves toﬁard the apex. A greater
nunber of hair cells are activated near the base'in a very

short period of time resulting in near synchrony of discharges

(or mor2 syachrony for higher as compared to lower
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frequencies). The traveling wéveAfor lower-frequency stimuli
‘has a slcwer rate arnd thus resuits in a progressive departure
?:om'synchrony and the consequent decreased amplitudes,

For hiq@ef frequencies (8000 Hz), the wave one
intensify/aﬁplitudé function is essentiaily monotonic (as
suggested above) tTo approximately 70 dB, where its amplitude
begins to decreas2 in c¢cmparison with lower frequencies (2296“\\
Hz) of the same'intensity. This "saturation" effect mdylfésultTK
from a decrease in firing rate due to cells being driven beyond »
their maximum (Kiang, 1365). Thus, the difference between the
intensity/amplitude function of low and high frequency
componeqts may be due to the broadened mechanical tuning curve
for low frequencies resulting in a greater nuaber of
understimulated hair cells “har the narrow curve for high
frequencies. _

Another possible cause of changes due to variations in ISI
is normail refractofy processes within the CAS (Pratt and
Sohmer, 1976; Salamy et al., 1378; Simmons et al., 1366;
¥ebster, 13771; and, Webster and Bock, 1971). This has beern
guestioned, however, by Don et al., (1377). They found that the
latency/ISI function of wave five is essentially linear between
ISIs of 10 and 100 asec, while that of the eighth nerve AP
{({Eggermont and Qdenthal, 1374) is logarithmic., This, taey
suggest, indi;ates that the input/output functions of the CT-

components are basically different from the PT components,
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They state that the ISI effect s not due to refractory
changes, but rather <o one of Incomple<e recovsry. The primary
factors underlying cecovery tizes Zanclude: a) receptor
adaptation and/or fatigue; b) syhaptic transamission changes;
and, é) refractory periods. They eliminate refractory chacges

since this phencmenosn has a shorter time course (1-2 msec) than

the ISIs normally used, Th=2y atteapt to eliminate synaptic

3

TZa

2

:smissicn charges &35 2 factor in a study in which changes in
vaveform stimulated by a asnaural click sequence were not
altered by coincidern=: presentatzion of rapid clicks to the other

ear, As they suggest, thls does not eliminate the possibility

o

tha< the click responses ars =zransaittad via a xzonaural pathway
(Babinghiarn et al.,, 1373). The third primary factor, and the
ore they favour, i1s adap=wa*tion and/or fatigue. If this is, in
fact, -he priaary factor, it beccaes difficult zo expléin the
rapid latsncy shif4 <0 asyaptotic values by the 3rd to 4th
ciick (Thornton azd Coleaan, 1375), or the very little, if

acy, change in latency ani/or ampli+ude irn infants after aore .
thar 15,000 click presen<ations (Salamy and ucKéan, 1376y . The
vossible cause urderlyiag this ISI veffectY, favoured by;the

‘

s still tta+ of neural refrac:ory processes.

’l.

present aurher,

0 suggest +*ha: sizce the time course of refractoriness of
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~harn the ra+te of stiaglation it

charges in the BER, one must assuae
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30es not contribuze <

“hat tphe CAS "fires" cnce and ¢rly one to every stiaulaticn,
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This is sinpl;/ﬁsg/t:ue. As stated above, there is
considerable evidance +that shows individual neurons firing in
burs<s (after 2 single s+tiaula=ion) for periods of time that
may be "orders of magnizude" longer than the initial burst,
Although nc firwm ccnclusion carn pe stated at present, the fact
that lit+tle or 7o changss in ei*her‘latency or amplitude occur
with ISIs of mcre *haz 100 asec (2.49., Yoshie, 1368) also
poirts to refractor-y changes, rather than adaptation or
fatigue, at shor+ter ISIs.

-

hoid between 10 and 20 4B HL (Yamada et

rr
(b}
@
w

.. The BER has a =

§3~\
al., Y377), and, %i*ckell and Cleamis (1977) have shown that
audioqgrams derived froa BER records compare favourably with
conventionél audiograss. QOne clinical cdnsideration is that
Tozts and Martia (1377) have siacwn, ia pathological cases, that
“pe shape ¢ f the azdiograa may inﬁluence the BER vavefora
regardiess of iesior locus,

One of thes basic problesms ir BER audiometry is that the
clearest, urnaapigucas cecords are obtained from the
presentation of broadband clicks., These, however, provide
lit<le infcrmazion abouar “he frequency specificity of the
response (Jevwez* 2= al., 1370; Jeve+tt and willistomn, 1971;
Nasntoh and Zerliin, 1376; Picton et al,, 1374; and, Sohmer and
Peinmesser, 1387}, 3-ief and long tone bursts (Kodera et al.,
1377; and, Terkillsern 2% 2l,, 1375}, filtered clicks (pavis and

gizsh, 1376), ati, zarrov bands of masking ncise (Eggermont et



al., 1976; and, Elberling, 1374) have been used to compensate
for these deficiencies with fairlj good resulté._ One of the
on-going céntroversies in BER research ié‘whetherlfhe wvave.
peaké (particula;ly Have:five) répr€§ents responses o
componentsAabove‘or-belou 2000 Hz., To a certain extent the
probler involves instrumentation (e.q., filtef setting) and
stiaulus paranéters; hovever, the camps are dividedvbétween
tﬁose who feel that the BER can reflect all frequencies (e.gq.,
Klein and Teas, 1378; Kodera et al,, 1977; Suzuki and Horiuchi,
1377; and, Yamada et al., 1377) and those tha£ sée‘it‘aq .
reflecting onf} high frequency activit; (é.g., Davis and Hirsh,:
1376; aﬁd,huénabe, 1976): Brama and Sohmer (1377), however,
comparing filtered and unfiltered cl%ck stimuli, foug@ that the
apsolute latency of the BER jas dependent on the most prominent
sziau}us frequency componenéx.,This, togéther Hiih BERs taken
frca subjects uith‘varioué hearing loss, suggested that BERs
conld be cbtained from low-frequéncy stimulation. It is
in:erésting to note thkat, whereas most researcﬁers have studiéd
+he wave peaks (i.e.,‘oﬁe through seven), Klein and Teas, and
Suzuki and Horiuchi studied the BER slow potential.
Al:hougﬁ ~he correlation dfuBBRgrecords with
2lectrocochlecgraphic records has been guestioned (Eggernontvr
and Odenth;l, 137435, éthérs have shown that the -latency and
amplitude functions of the BER changes slope beiueen 40-60 4B

SL (Davis and Hirsh, 1376; Yosnie, 1968; and, Yoshie and
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'Oh&shi, 1969)ﬁ14Thﬂs is s;mllar to the slopes obtained in

promon*ory or round wlndow electmocochleography (Eggermont and

odenthal, 1974b; and, Portmann and»Aran,‘1971). Weber and

Fuijikawa (1977),and Zollner et’al,-(l976) have suggésted that

i

this cﬂange in slope may be the result of diffefential activity
of the two populations of hair cells in the orgdn of Corti.

| In geheial; the BER can be consigered a good quantitative
and objective measure of auditory sensory function (Picton et
al., 1377; and, Starr, 1978) for frequencies below 2000 Hz
(Kodera et'al., 1377) as well as tﬂose in excess of 2000 Hz
(Davis, 1976), It must be noted, however, that subjeétive
eStiﬁates<of loudness do not\correlaté well with BER levels
(Bauer and Gala@bos, 1375; Coaés and Dickey, 1372; Hecox, 19374;
Hecox et al., 1976; and, Pratt and Sohner, 1977). In other
vofds, BER is not hearing, It has been suggested that either a
higher level system functions to determine Subjective loudness
on a priority basis, or the levels obtained by BER records
reflect the liﬁit; of the inStruments used, and thé anatomical
effects on neural veolunme éonduction (Hecox et al., 1376; and,
Pratt and Sohmer, 1977). 0Or, in terms of wave one (Coats and

Dickey, 1572), tﬂe temporal dispersion of the action potential
’ ™~
\f

may lead to a reductiocn in amplitude while the total number of

active fibers remain constant.

&.&?‘N"ﬁ"’;‘%ﬁi"—ﬁh.)h‘nu‘ I
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| BER_GENERATOR SOURCE LOCATION

Interest in this auditory, non-invasive, electro-neural
phenomenon stems from the possibility of aécu;ately determining
anatomically a series”of EEG E? generator sources, obtaining
information on theielectrOphysiological funct;on of the CAS in
bo#h no£mal and péthologicél individuals, and applying this
techniqﬁektc clinical situations. Since the CAS has béen shown:
to have response patterns that are'eitremely heterogeneous
within each nucleus (Boudreau and Tsuchitani, 1368 and,
Whitfield, 1567), it is probably simplistic to speak of the CAS
or any of its constituent nuclei as haying a hnitary function.
A number of differgnt techniques have been used in’attempting
to delineate the anatomicai structures involved in the BER,
These include: a) correl;tions between specific scalp évoked
potentials and single unit or depth recorded potentials; b)

differential analysis of the distribution of each wave over the

scalp and at other locations (e.g., nasopharynx and neck

'p051tlons), c) correlations of the BER before and after

destructlon of spec1f1c tracts and nucle1 in animals; 4)
correlation between normal human BERs and the BEQ;—obtalned
from individuals suffering from known pathological conditions;
and, e) studies of the maturational trends of the BER in both

anumans and animals.
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" Attempts %o locaté neural generator’sources via s&alp
electrodes (the goal of BER research) is wrought with problenms
(i.e., the effect qf volume conduction on the waveform, the
éffects of the meningies-skull-scalp combination, electrode
position, instrumentation, averaging, etc.). This includes the

bhazard of seeing a particular nucleus as the source of a
S -
particular wave peak sinmply on the basis of temporal

coincidence between single unit activity and scalp recorded
potentials (Starr and Hamiltbn, 1976). This problem is
probably best illustrated by Steveans (197&) in his list of thé
possible causes of amplitude changes:

"If ... a surface positivity or negativity is decreased
during a stimulus paradigm, it is impossible to
determine from measurements of the surface potential
whether the decrease was produced by: (a) a reduction
of the amplitude cf <he presynaptic volley ‘{i.e., a
decrease in the number of cells activated); (b) a change
in the synchrony cf the presynaptic volleyy (c) a
cancellation of fields due to the generation of currents
of opposite polarity at the same location as the test
response; or, (d) a cancellation of fields due to
generation cf field potentials deeper in the structure
which, having a bigger current spread, may obliterate
more localized or more superficial field potentials®
(2B'77) »

Most workers have regarded the BER as a composite firing
of complex generators including both ascending and descending
fibers, and possibly pcst-synaptic slow waves, since both fast
and slow waves can be recorded-ffom a number of CAS nuclei via
depth elactrod=s (Huang and4Buchwald, 1977; Jewett et al.,,

»
19703 and, Ornitz and Wwalter, 1975, 1976) . Starr and Hamilton

<
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(1976) studying a number of patients suffering from a variety
of brainstem pathologies (confirmed at autopsy), found the
folldling corr2lations: whenever the brainstem is extensively
disturbed or destroyed, including the extrameduilary eighth
nerve entrance, only wave one can be observed in the BER;
whereas, waves four through seven require the existence of a
normal midbrain. In particular, they placed the origin of wave
one in the eighth nerve (possibly before it passes through: the
internal auditory meatus), wave two at an indeterminate point
between the generators for wave one and wave three, and wave
three within the combined medullary portion of the auditory
system, including the cochlear nucleus, trapezoid body and
superior olivary complex. A recent, very interesting study was
carried out by Uziel ard Benezech (1378) in which behavioural
correlates of brainstem pathologies were compared with
alterations in the BER. They state:
"There is good correlation between flexion reactivity
which requires the integrity of the brainstem ... and
ncrmal BER., Flaccidity which appears in brainstenm
lesions involving the inferier pons, always corresponded
with a loss of the last three waves of the BER (3-5).
‘Extension reactivity, classically identified with
Sherrington's rigidity ir animals, has in fact been
observed even in the absence of anatomical brainsten
lesions ... Our study confirms these findings since, out
of 11 of our patients with this kind of reactivity, 8
: showed BER abnormalities and 3 had normal BERs.
Bilateral areactive pupillary dilatation has been
observed in pontine or medullary lesions ... It is

related in our study to a2bnormalities of waves P1-P3,
The other pupillary abnormalities (myosis and absence of
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light reflex) have been related to mid-brain or
diencephalic lesions. They were associated in our study
with abnormalities in wave P5 in 40% of the cases, and
with the absence of alterations of the BER in the other
cases, We have found a good correlation between the
presence of vertical automatic eye movements which
require intactness of the mesencephalic tegmentunm
(periaqueductal grey matter) ... and the integrity of
the 5 components of the BER. An abnormality of the 5th
wave occurred in 60% of the cases in which no vertical
eye. movement could be observed: this suggests that the
5th wave originates from the midbrain (inferior
colliculus)., The integrity of the inferior pons i’s
essential in the generation of horizontal automatic eye
movement .., A good correlation exists between the
disappearance of horizontal automatic eye movements and
the loss ¢f wave P3, which suggests that this wave
originates from the inferior pons. The procedure is
identical for the corneal reflex, which has the same
~origin."

Lesion studies with animals have shown similar findings to
the above, with the expectéd inéonsistencies of this type of
gross experimental design (e.g., Goldenberqg and Derbyshire
(1975) found even bilateral ablations of the IC did not
eliminate wave five although it diad cﬂange the variability of
the first three waves, whereas, Buchwald and Huang (1375)
showed lesions of the IC eliminated wave five while any lesion
above the level of the CN had no effect on waves one or two).
The Buchwald and Huang study appears to pe more in keeping with
the correlation studies of Jewett and others., They found that
mid-collicular decerebration had litt;e effect on the first
five waves, whereas bilateral aspiration of IC resulted in the
elimination of wave five. Severing the efferents from the CN
reéulted ir the elimination of all waves except one and two,

vhile separating the CN from the acoustic nerve left only wave



35

one. Wave one, unlike the Cochlear Microphonic response,
disappeared at death. ith midline sagittal sections from the
IC to the lower eng of the CN, wave four and five decréased in
amplitude by S50% or more, while wave thre= disapbeared
altogether., This Suggests the relative dependence of
generators of theses waves on crossed and unciossed projections,
A more definitive locus of the wave four generators was
determined in these sagittaliy séctioned animals: lesions of

| the ventrai nucleus of the LL and of the adjacent pre-olivary'
areas resulted in the elimination of the remaining wave four
potential. Aller and Starr (1378), using monkeys, presented
somewhat similar data: waves one and five appeared to
originate from single lateralized generators; waves tﬁo and
three from bilateral generétors; and, wave four from a mid-line
structure. In another comparable study (Achor, 1976), depth
recordings of isopotential contour maps indicated that wave
two, four and five were generated by two or more sources, while
wave three was generated by a single contralateral source,
possibly the SOC or lateral lemniscus.

/Hhen studies are based on a partié;lar combination of the
above anatomical locations other conflicts arise. For example,
Huang and Buchwald (1378) and Yoshie (1968) have suggeéted that
the wave peak latencies are entirely determined by the latency
of wave one, thus the CAS nuclei are simply relay centers in

which no information processing takes place. Within each
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nucleus of, the CAS there are a group of constant "short-

. latency" units which are sensitive to onset but not duration
(Huang and Buchwald, 1377). These units have been found in the
CN (Rodinova, 1971), 1in, the SOC (Galambos et al., 1953) and in
the IC (Gersuni et al., 1971); at each CAS level they show a
mean response latency which correlates well with the expected
BER peak for that level. This would suggest the possiblity
that the BER reflects the activity of "phase-lbcking" neurons,
monosynaptically connected, that preset the system for the
adalysis 0f the stimulus iﬁ nuch the same way as trigggr pulses
do in signal averagers. If this is the case, any analytical
neural activity not complstely locked to the stimulus would
cancel Sﬁring averaging even if it was initiated by the -
stimulus. In clarification of this hypothesis, cther workers
have shown the BER to be sensitive only to the onset of the
stimulus (Hallwman, 1977; Hecox andvGalambos, 1374; and, Hecox
et al., 1976), Although Hecox et al. state that it is only the
onset, not the offset nor the duration of the stimulus, that |
results in the BER, their use of a 2 msec tone burst may not
have allowed enough recovery time for the system to respond,
and would have resulted in an off-response wave five (if one
exists) occurring beyond their duration of measurement. In any
case, the on-response has been implicated as the primary éause
of the eighth nerve AP (Goldstein and Kiang, 1958), the 8-50

nsec AEPs (Lane et al., 13971; Beitter an@vygqan, 1373; andﬁ
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Skiﬁner and Antinoro, 1371), and, the 50-500 msec AEPs (Lamb
and Graham, 1967; Onishi and Davis, 1968; and, Skinner and
Jones, 1368). The hypothasis that the BER reflects only the
on-response of the cochlea is not universally accepted. Kodéré
et al. (1977), using tone bursts of fairly long durations,
showed a BER waveform at both the initiation and ceséation of
the burst. The off-response showed differént latency and
amplitude functions, as compared with the‘onf;eponse, for
changes in stimulus intensity. This, they suggést, may be due
to adaptation of the system by the preceeding coﬁponents of the
tore burst. + might be just as reasonable to aséume
refractory charges; howavar, more wofkwis.needed to understand
the process involved in this "off-response.

Since it has been shown that significant vériability ‘
within each wave peak (two to sevan) does exist (Hallman; 1977)
and that the between peak latency is not fixed when éertaini\
parameters are changed (Hallpan, 1377; Ornitz and Walter, 1975,
1376; Prait and Sohmer, 1976; and, Zerlin and Naunfqn, 1973),‘3:
second possibility, as suggested by Yoshie (1968), is that |
neural impulses originating from the apical tuzn of the cochlea
are delayed gy the travel time of Bekesy's traveling Have‘and,
therefore, tend to carcel rather than sumrmate during averaging.
This results in a cancellation of all potentials occurring}
‘after the initial basal poteniials for each click, and is
compatible with studies that indicate, by the use of masking

#
7
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noise, that *the compound action potential (Teés etlal., 1962)
‘and the BER (Hecox, 1374; and, Starr, 1978) Feflectibnly the
function of the baSai furn of thé cochlea. Similar to Yoshie,
Teas e+ al., felt tHis was due to a "sﬁperior"'schhronizatidn
of the APs originating from the basal turn where the velocity
of the Bekesy traveling wave is greatest.

Even in the area of eighth nerve APs, long the subject of
electrocochleographic study, there is ccnflict, Those studies
reporting eighth nerve pathologies (Daly et al., 13977; Sohmer
et al.,, 197“; and, Starr, 1378) show changes that seem confined
'to either or both of the first +two Qaves; hovwever, some studies
show only amplitude changes while others show both amplitﬁde
and laténcy changes. Thus, although researchers are becoming
quite precise in locating the general area generating =sach BER
wava, there is still much o be studied before thé functioning
of “he CAS, and how this relates to changes in thes BER, is
adeguately understood, '

Stockard and Rossiter (13977), in overview, have suggested
the BER positive peaks result from complex neural structures
withkin the following areas: wave one, the acoustic nerve; wave
t¥vc, th2 pontomedullary junction; wave‘three, the caudal pons;
wave four, the rostral pons or midbrain; wave five, the
midbrain; wave six, the thalamus; and, wave seven, the thalamus

or auditory radiations.
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BER_MATURATION

£

The BER has been recorded in premature infants
(Schulman-Galambos and GaiambOs, 1975), neonates (Lieberman and
Sokmer, 1973) and young children (Hecox and Galambos, 1374,
Lieberman and Sohmér, 13973) . Studies have shoin a very

definite maturational progression that, in humans, reaches
adult form somewhere around 18-30 months of age (Mokotoff et
al., 1377; Salamy and McKean, 1376; Salamy et al., 1975;
Schulmaﬁ-Galambos and Galambos, 1375; Shah et al}. 1978; and,
starr et al.! 1377) . At‘birth, wave five shows a prolonged
latencf ané diminished amplitude that matures to adult
am;litddes by 12 months (Lieberman and Sohmer, 1973) and adult
,iatencies by 18 mbhths (Hecox and<Ga1ambos, 1974) . A similar
trend has been shown for rat pups and kittens (Jewstt and
Romano, 1972;. In éomparison, wave one achieves adult
latencieé by 7 months .(Hecox, 1376) sugges?ing that the PT
components mature béfdre the CTrcomponents. The CT component
shows three definite stages of development (Salamy and McKean,
1976) : an initial abrupt change between birth and six weeks; a
period of quiéscence £hrough the 6th month; and, a peribd
betwveen six months and one year when latency values are reduced
by as much as 0.5 msec. VThe CT maturational trend has been
explained as either a reflectioh of developmental myelination

or synaptogenesis. One series of experiments that attempted to
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establish the sensitivity of the BER to rates éf.myelination
(Shah et al., 1378) experimentally induced myelin deficiency in
animals., The latency proloﬂgation of the wave peaks not only
correlated well with those found in infants but also with those
foﬁnd in patients with demyelinating deseases (Starr and Achor,
1975; Starr and Hamilton, 1376; Stockard et al., 1376; Stockard
and Rossiter, 1377; and, Wiederholt et al., 1377).

The PT trend has been assumed to either inéolve maturation
of the middle ear or changes within the cochlea itself. Since
high frequency components become less effective as maskers the
younger the infant is (Hecox, 1976), it has been suggested that
there is a maturational progression, in the sensitivity of the
cochlea to high frequency Stimuli, from an original apical
position toward the base.r This would, in part, exglain the
develcpmenfal shift in wave five toward shorter latencies and
greater amplitudes, In support of ﬁecoxfs hypothesis, Bredberg
(1368) showed in his sampls of human newborn cochleas, -that the
most basal portion was not mature, It is important to note
that it is vary difficul+ td establish the extent of PT
contributien to CT maturationai changes (Jewett and Romano,
1372), because of the ccnfounding of the PT conponegt by théA
eighth nerve activity. Wwhat ever the cause of BER maturation,
it is nov possible to both determine if the peripheral and
brainstem divisions of the auditory system are functioning in a

child as yourg as a few days of age, and to determine, over.
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time, if tke systzam is developing normally. This technigue can
be used witk all infarts as a first line screening technique
for audizory pcobleas (!okotéff'e: al,., 19?7). One advantage
of the use of BER techniézgg with infants is =hat BER
thresnolds are significan:ly.louer <han that obtaineg,by heart
ra*e change for auditory respoasivity (Schulaman, 1373; and,
schulman-Galambos and Galamboé, f§75). Figure 5 fro=

Salamy and McKear (1376) shows a typical infant BER

maturational developaernzt.

CLINICAL APPLICATIONS

-

There is 2 growing literature that suggesis the BER to be
a good measure of nct cnly early onset 6f'patnology, but also
cf tﬁe,progression, regression, size acd locus of such
patnologies ({¢.9.,, Daly =% al., 1377; M¥cDonald and Sears, 1370;
Eobinscn ard Rudge, 1377; Rcsezhamer, 1377; Seiters and
Brackmann, 1977; Simon e= al,, 1376; Sonhmer et al., 1374;
Sohmer et al,, 1377; Sonmer and Studenxt, 1378; Starr, 1378;
S+arr arnd Achor, 1?75; Starr and Haailton, 1376; Stockard et
al.,, 1376; S*ockard ard Rossi<er, 1377; Terkildsen et al., 1377;
Thorpton and Hawkes, 1376; and, Wiederhold et al., 1377).

¥ane<her with adul*s oz infants, t*he BER can be used as evidence

th

CAS excitaticn and, - by aeans of derived expected latency

-~
-

curves for wide band clicks, can b= used to es*imate the extent
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e
cf high frequency hearing loss (Weber and Pujikawa, 1977). The
important feature is that Botor responses are not required of
+he patient, thus the particular level of cognitive functioning
is not iaportant.

The clinical use of the BER is still in i%*s infancy and at
times may be more confusing tharn nelpful. For exaample, a
comm&nly foﬁnd abnoraality in the BER record is a reduction in
wave peak amplitude ard an increase in laténcy. However, this
is not univeral sinqg~#s typically results in latency increases
¥ith nc amplituds chaaées, whereas tumours' or compressive
lesions may resultr in aaplitude reductions and no latency
changes, However, used as part of.a larger diagnostic battery,
+he BER can provide valuable information for both’audionetric

evaluations and clinical assessments of the dintegrity of the

CAS and brainsten,

BER ELECTRODE POSITION

In géneral, ;he electrode derijgtions that have been used
to Tecord the cochlear AP and/or BER include active electrodes
in or at: a) the tympanic membrane (Cullen et al., 1372; and,
Prz+«t and Sohmsr, 1376); b) the exzerﬁal additory meatus
{Ccats, 1370; Salomon and Elberling, 1971; and, Megill et al.,
1375); ¢} the proamortory (Portmann et al., 1368; Yoshig, 1368;

224, Zggermont et al., 1374); or, d) the scalp (e.g., vertex,
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forehead, mastoid, earlobs and nasopharynx) (Hecox and
Galambos, 1374; Jewett et al., 1370; Martin and Coats,ﬂ1970;
Sohmer and Feinmesser, 1367; and, Thornton, 1375). In all
cases, whether recording the cochlear AP or the BER, it is
reasonable to assume that all electrode derivations are
recording the same volume-conducted potentials.

hany of the experimental parameters one uses indicate
parzicular biases in orientation. BER recordings are no
exception. Vertical conduction through the brain is
accomplished in an easier manner than is horizontal conduction.
The recorded electrical activity is a combination of the
algebraic suﬁ@atioﬁ of the volume conducted potentials at each
electrode; ahd,‘%féldifference betwWween any two electrodes which
resuilt from the»pd:iicular capacitanti;nd resistant properties
the conducted current‘must éncounter before reaching the
respective electrodes, In the CNS, the average dielectric
constant (capacitance) and resistant values of the tissue is
neithér isotropic not homogenous., ~These differences (which in
orthoganal directions can differ byig factor or 5 to 10)
reflect both the geometric and architectonic organization of,
the CNS (Dondey and Gaches, 1377). It is, therefore, not -
surprising that the vertex shows the largest waveform (Streletz
et al., 1977; and, Terkildsen et al., 1974).

The earlobe,fnaétoid’and nose have beén ﬁPund td be active

o

during auditory stiaulation in humans (Picton et al., 1374;
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and, Streletz et al., 1377), while no cephalic indifferent

. points were found in the rat (Plantz et al., 1374) or monkey
(Allen and Starr, 1978), thus the placement of the "reference"
electrode must also be ca;efully considered. Plantz et al,
(1974) studied the effects of moving the reference electrode to
a number of sites and concluded that both the éositive nature
and the actual form of the BER wvas depén@ent on electr&de
position., If the peaks result fronm the éc£ivity of a number of
different sources, it may be difficult to find one location
that adegquately resolves all of them, Since Smith et al.
(1973) and uaitin and Coats (1373) have shown that the
generators of the peaks mimic particular deep dipoles, it may
be more reasonable *o record from a number of different sites
if one is to measure all components of the BER adequataly.z
This is particularly true since Picton et al. (1974) found
Vthat vave two minics a transverse horizontal dipole, whereas
wave three mimics both a horizontal and a vertical dipdle.
Qerkildsen et al. (1974) presented data that suggeat\the‘,
-cochlear microphonic is best recorded using a mastoid/
contralateral side of the neck derivafion, the BER is best
recorded with a vertex/mastoid derivation, whereas, the fifth
wave is best recorded from a vertex/ ipsilateral side of tae
reck derivation, Coats and Martin (19377) have demonstrafed
+hat nasal phéryngeal electrodes produce. waveforms that have

greater amplf%udes for waves two and three although there is no

13
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latency shift in the waves between this derivation'and the

classical vertex derivation.

BER_PROBLEMS

The BER is, as suggested above, very sensitive to both
recording and stimulus parameters. In addition, the way in
wvhich one determines peak latency and amplitude necessarily
effect the resultiag conclusions. There appears to be a dgreat
deal of methodological and comparative problens in"this area of
research, problems that would seen ihportant to consider., The
following is a listing of some that either maké it difficult to
compare between studies ‘or result in some guestion as to the

adequacy of the findings.

a) stimulus problenms

Stimulus parameters, at times, appear<§o‘be a matter of
convenience rather than oné of design., The problem arises when
the researcher attempts to compare his results with those in
the literatu:e. If the stimulus parameters are disparate, with
no factual‘;%htheoretical reason for comparison, extrapélatioﬁs
must be carefully considered.

The stimulus may be presented as Zjﬁ}ick (normally varying

from 0.05 msec to 0.5 msec or more), as a tone burst described

as a certain rise time (i.e., 4.5 msec), frequency (i.e., 1000
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Hz), and, duration, or as a filtered click (i.e., 3000 Hz to
3600 Hz bandpass), The amount of variation among these
stimuli is dependent on the particular transducer used;
headphones, earphones or speakers (a great deal of difference
exists between transducers in both the form and the duration of
the sound vave). The ISI may vary from more than 1000 msec to
less than 20 msec and may be presented with fixed intervals or
randomly around a particular interval. The intensity of the |
stimulus may be described as any one of the many types of 4B,
from dBs above the subject's threshold to a constént sound
pressure level, and may vary from threshold to 90 dB or more.
Stimuli may be presented monaurally (Eé either ear) or
binaurally, and the initial movenment of the diaphragm may result
in either a rarefaction or a condemnsation wave (many studies
have used an alternation be+tween the two %o eliminéte electrical
transducer artifacts). Finally, the subject may be either
human or animal. Aithough all of these are quite proper
timulus parameters, comparison between parameter combinations
without consideration of the differences is suspect. Probably
the most serious problem is the failure to report the complete
combination used, suchk as type of transducer, duration of
click, vhether the stimulation is binaural or monaﬁral, and, if

moraural, %o which side, etc,

/
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b) recording problems

Recording problems are probably more theoretical than
practical, howevér, they again inject soﬁe question into the
presented data., Probably the most problematic is that of
filter setting, 1In most recordings, the BER has a slbw
component (3 msec < frequency > 10 msec), a component that some
feel t® be extraneous to the BER and, therefore filter it out
(i.e., set highpass filters greater than 100 Hz). This results
"in an cbvious change in amplitude measures (see "'Figure 6)
'_éap, quite possibly, latency measures., The BER is composed of
ai least seven peaks that occur approximately one msec
peak-to-peak, iheiefcre, to resolve this waveform adequately by
use of’an‘A-D convertor, the lowpass setting should include
1000 Hz, and the sampling time per point must double this
frequency (i.e., 500 usec), As one attempts to resolve more
and more detail by adjusting the lowpass filter, the sampliné
time must also be changed. It should be remembered that,
theoretically, a filter affects all components differentially,
the phase of a IOOO Hz signal is not the séme when susjected to
a bandpass of 10-3000 Hz as it is when sﬁbjected to one of
300-10,000 Hz., Again, a serious problem is the failure to
include the necessary comparative information. The following
are a few of the studies that either havé intrinsic problems,

or are simply difficult to compare with other research:
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2 6 W0Oms

EFFECT OF LOW-FREQUENCY
FILTER ON THE BER

F
(SUZUKI AND HORI

2

I, 1977
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6)

7)

8)

9)

10)
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Amadeo and Shagass (13973) 10-80,000 Hz bandpass, 31.25f
usec per point; low pass filtef should have Been set tq
16,000 Hz. ' ' ‘
Buchwéld and Huang (1975) 30-3,000 Hz bandpass, no A-D
information.

Goldenberg and Derbyshire (1975) 10-3,000 Hz bandpass,
200 usec per point; low pass filter should have'been set’
to 2,500 Hz,

Hecox (197u) no informazion,

Portmann and Aran (13971) 1-30,000 Hz béndpass, 100 usec
per point; low pass filter should have been set to 5,000
Hz.

Salamy and McKean (1976) 10-10,000 Hz and 30-10,000 Hz;
no A-D information.

Sohmer and Student (1378) 250-5,000 Hz bandpass, no A-D
information.

Terkildsen et al, (1974) 0.5-4,500 Hz bandpass, no A-D
information,

Terkildsen e+ al. (1377) 200-4,500 Hz bandpass, no A-D
information.

Wiederholt et al. (1977): no information.

Electrode positior does not appear to be a serious problem

since the majority of studies have used a vertex/mastoid

derivation., However, with the increased awareness of cephalic

active 'reference' sites, and the use of forehead-hairline
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active electrodes in clinical settings, this may become a

problea in the future,

c) measurement probleas

Latency heasu:es‘a:e relazively consistent across studiés.
only varying in‘;hat is considered zero time. Amplitude
measureas, on the o-her hand, vary considerably:

1) Amadeo and Shagass (1373); amplitude was measured in uVv
between an estima+e of the isoelectric line, as
determined from the baseline preceding the stimu;us
martk, Latency was measured as time t0 peak afte£ the
earppones were stimulated,

2) Goldenberg and Desrbhyshire (1375); a 2Z-score for each
point was determined by c¢btaining an average of 700
responses, subtracting the average at each point fron
the mean of <the points sampled prior to'the stimulus;
and, dividing this difference by the 5D of the distri-

/ﬁ/ bution of prestimulus points.

3) Huang and Buchwald (1378); a mid-point amplitude was
used between the rising and the falling rhase of each
component as an avarage measure of peak-to-peak
amplitude,

4) Picton and Hiliyard (1374); 2 baseline was determined
from ths first 0.5 msec of the response and extended

through the succeeding evoked potential components., If
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6)

7)

8)

9)
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such a baseline was too difficult to evaluate because
of stimulus artifact contaminatioﬁ, an arbitrary base-
line was drawn at the midpoint between the. troughs
follouiﬁé wave one and two. |
Portmann and Aran (1371); for the amplitude, a linear
scale was used, expressed as a percentagé of the m&ximum
amplifude.obtained during the test. |
Robinson and Rudge (1377); ampli;ude of wave components’
two, three, six{gad seven were measured to the precedihg
upgoing‘peak, and fhat of component five to‘the upgoing
peak preceding wave four, The a;plitudé of wave one was
measured to the baseline as éstimated from the pre-
stimulus level. Latenéy was measured from thevonset of
the click to the downgoing peak of each component.
Rowe (13978); amplitude of wave five was measured from
the positive peak of wave five to the following negatiée
trough. *
Soheer and Student (1978); CT latencies were
measured as the time interval from the negative peak‘of
the auditory nerve response to the positive trough of
<he response from the inferior colliculus.
Thornton and Hawkes (1976) ; peak-to-peak amplitude was

geasured as the differemce between a particular negative

peak to the succeeding positive peak.
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d) individual research problems
It is quite probable that most research is plagued with
one or more methodological problems., Whether these problems

are implicitly or explicitly stated, or not, it is important -

that BER research be read from a quéstioning point‘ofgyiew. i

=]

Following are examples of the type of problems that may be

enccuntered:

~

1) Amadeo and Shagass (1973); the parametars used in this .

+

study result in a waveform in which‘yave four or wave five is
not observable. This, in of'itselﬁ{ is not a particular
. o/ B

problem; however, they labelled }éis peak as wave four. Many
studies hévg'shoun peak five tq/be present even in éhe ébgence
of peak four. / -

. 2) Huang and Buchwald (3977); these workers determined the
latencies of wave two to five for tone bursts in which the
‘actual duration of the bursts remained constént bhile the toile
varied frem 500 Hz to 10,000 Hz. They report that the |
latencies dia not differ significgntly (wave two +/- 0.4 msec,
wave three +/- 0.3 msec, wave four +/- d.u msec, and wave five
+/- 0.4 msec). This, they suggest, indicate the presence of
short-latency componenfs that vary little with changes iﬁ
stimulus parameters. Hhai they did not consider, however, is
the numﬁer of reports suggesting that the BER is sensitive to

only the obnset of the stimulus. Thus, the difference observed

. o
would not be expected to vary a great deal since the onset of a
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10,000 Hz tone burst.to its first peak is less thén 0.5 msec
faster than a4509 Hz tone burst.
“ 5 3) Plantz =2t al,(1974); this very complex study of the
volume spread of‘BER components o;er the scalp, based its
- recording parameters on a theory of Plonsey's (1363). This
theory suggests that volume conduction properties of living
tissue are esSentially resistive up to frequencies of 10;000
Hz. Since they werekgémpling at a rate of 100 usec per point,

they considered that, in terns of Shannon's sampling theoren,

L]
L)

they only retained information to 5,000 Hz, well below
Plonsey's limiz, They concluded, therefore, that any latency
differences found at various locations on the head would be due
to a change in dipole orientatiqn and not to the electrical
prcperties of thé conducting tissue. Plonsey, however, only
considered lung, fatty tissue, liver and heart mufcle; not CNS
tissue., . In addition, nowhere in his writings does one find any
consideration of the capacitant qualities of the merningies,
skull, or scalp layers, or of the non-isotropic and
non-homogenous organization of the brain (Clark and Plonsey,
1368; Clark and Plonsey, 1370; Clark and‘Plonsey, 1971; Heppner
and Plonsey, 1370; and, Plonsey, 1969). Since they set their
low pass filters at 10,006 Hz and sampled at 10,000‘Hz,
according to Nyquist, théy intreoduced the possibility of data

2

- contamination by alias freguencies.
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4) Robinson and kudge (1375); these workers state:

"estimates of amplitude.and latency are made at the
turning-points of the evoked potential waveform which
merely reflect the point of maximum synchronization of
many in<eracting fibers." :

This is simply a0t proven, As stated above, the pcssible
causes of a particular peak, considering the state-of-the-art,

is infinite {or almost so).
¢

5) Shah et al, (1378); zthey begin with the prenaise:

Yt+here is now iittle doubt that brain stem activity caum
be reliabply recorded froz the surface of the scalp in
animal a2nd man, and that the various waves which make up
the complex "far-field" response originate primarily
from spa+tially separate structures in the classical
auditory sys<em ... although it was suggested zhat some
waves arises froa activation of multiple local generators
in algebraic summation (Achor, 1376; Jewett, 1370) there
is no question %that *hey represent different levels of
brain stea integrazion (Wiederholt e+ al.,, 1377).%

Aiederkolt et 21. (1377}, however, only studied three patients,
with clinical evidence of certral pontine ayelinolysis, one of
vhon died of coapiicazicns of <he pathology. BERs were

, Tecorded from o1ly #%wo patlents froa which they corncluded that

2

the waveforms indicated an Zimpairaent of func<icnh in <ae
zuditory pontine pathway; a soaewhat hazardous conclusion

consideriang their sample size.
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CHAPTER THREE

BINAURAL INTERACTION IN THE CAS

The first coaprehensive theory of the neural integration

of binaural signals was Gesgloped by von Bekesy (1330).
"He conceived of a region in the CHS that receives
inputs from the two sides. The "characteristic of
directiorn™ arises when impulses from one side "tune up
the cells there™ to that particular side. If "all the
celis" are activated by stimulation presented to one
ear, then the scund is judged to be in +he extrenme
lateral posiiion, When the two sounds are applied .
sipultaneously, the two "excitations™ fall in the middle
of the cell group, the transmission of excitation stops, -
and the cell group can transmit its directional relation
to a higher level? (Erulkar, 1372). . y

At a very simple level, localization of sound in space (or
lateralization if headphones are used) is accomplished by

analysis of the differenqg/iamfaaazdf-intensity of dichotic (or

-

diotic) stiauli (Hast{/1971). In a general sense, low-

frequencies (< 1500582) are located by disparities in fine,:
waile high-frequencies (> 1500 Hz) are located byfdisparitiesa

in in*ensity {(Jeffress, 1375), The processes ;ﬁvolved are nbtr

v

gui<e so simple, however, since the CAS has been shown able toi /
extract temporal information from the "envgiope" of the
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stimulus waveform when this envelope cdntains only high
frequencies (Jeffress, 1975);7and, with headphones, differences
in intensity may be dezected even for low-frequencies (Mills,
1360) . Jeffress concluded that there are two CAS mechanisas
operating: a) units that phase-lock to the stimulus, firing at -
particular poirts in the sound.cycle; and, b) units whose
firing is determined by the level of the stimdius; independent
of *he frequency. It is important to make the distinction
petwveen the psychophysical.p:operties of the earx and +he
neurophysical prope'rties of the CAS., Whereas both time ’;nd
intensity interact iﬁ ihe initia+tion of neural action
poterntials (Deatherage and Hirsh, 1353; and, Hallman, 1977),
once ipitiated, localization is entirely dependent on <the
neural interactions of temporal patterns. The loci of these
interactions appear to be spread throughout the CAS

{Rosenzweiqg, 1361), as suggested by the following:

A) Interactions at the level of the Cochlea

The first possible site of binaural interaction is within
the cochlea where the efferent system, initiated via
stimulation of the contralateral,ear, may influence afferent
activity (Gulick, 1371). Galambos et al. (1950) were able ta
shav evidence for the presence of a cochleo-cochlea; pathway in
cats, although the mirimal transmission time (1.25 mseT) yas

<oo long for the mediation of leccalization in most cases '~
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(Walsh, 13957)., Ko evidence fot an equivalent pathway has been

shown in humans.,

B) Interactions at the level of the Cochlear Nucleus
The second possible site is that of the CN, although

¢
Gulick (1971) stated that no binaural interaction has been

observed at this level, Rasmussen (1360) described connections

of ;he‘trapezoid bodies with the lateral supericr-olivary
nuclei, which have direct efferent connecticong with the
contralateral VCN, Thus, a direct link does exist between the
two VCN via a chain encompassing only two synapses. Similarly,
Mas+ (1371) showed thaf, in Chinchillés, binaural interaction
caﬁ take place at the level of the DCN, mediated,” presumably,

N
by centrifugal pathways, Pfalz (1362) showed that deafferented
CN cells are inhibited (never excited) by auditory stimulatioh

0f the opposite intact cochlea. He concludes that the role of

this interaction remsains obscure.

C) Interaction at the level of the Superior OlivaTy Complex
The SOC has been the most studieé in terms of the
localization of soundénin space; it is probably the lowvest
level of functionally significant binaural interaction
(Moushegian e* al,, 1372), S0OC cells receive short-latency

inputs from the CN (Bruggs and Geisler, 1378), and respond

differentially %o dichotic clicks (Hall, 1365; and, Moushegian

\\/
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et al., 1964). Moushegian (1971; in Jeffress, 1977) has shovwn,
in agreement with Jeffress, that the SOC contains two groups of
fibers; orne whose firing rate is completely determined by the’
frequency of the stimulus, and another whose rate of firing is
determined by the difference in level between stimuli,
independent ¢f frequency.

1) The Lateral Superior Olive (S-Segment)

Within the S-segment, Boudreau and Tsuchitani (1968) have
shown that, with the exceptior of cells with characteristic
frequencies (CF) below 1000 Hz, contralateral, simultaneéus
stimulation will inhibi+ the majority of cells. Both the
contralateral and ipsilateral CP's tend to be the same, and are
tonically acting. The AP of the S-segment is not a function of
the absolute stimuli intensity, bﬁt rather the relative -
dichotic intensity difference.

2) The Medial Superior Olive (Accessory Nucleus)

On the basis of anatomical data (Stotler, 1353),
physiological data (van Bergeijk, 1962; Galambos et al., 1353;
Moushegian et ‘al,, 1364; and, Tsuchitani and Boudreau, 13964),
ard behavioural data (Masterton et al., 1367; and, Masterton et
al., 1368), the medial superior olive (MSO) has been implicated
in +<he localization of soands in space. Frequentiy regarded as
a pucleus whése main function 1s to encode interaural time
differences (Brugge and Geislier, 1378; Galambos et al., 1353;

Goldpberqg and Brown, 1363; Masterton et al., 1367; ang,
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Masterten et a2al,, 1968), there is considerable evidence
peinting to its role in the encoding of intemsity differences
as well (Gulick, 1371; Hall, 1965; Hind et al., 1363; and,
Worden et al., 1366), The activity of the MSO units show, in
fact, the expected cancellation of time and intensity trades.
‘\ The MSO receives symmetrical and equal innervation from
the CN; these terminating on the opposite sides of the same
cell qulick, 1971). Stotler (1353), in cats, showed that MSO
cells have two large dendrites that ex*end approximately 200u
horizontally in opposi+e directions. Projections of the

contralateral CN reach the medial dendrites, while projections

of the ipéilateral CN reach the lateral dendrites; thus a

polarity exists between CN inputs. When a particular dichotic

stimula;ion{résults in é\convergénce of CN inputs on one MSO
cell, the cell fires maximally., As the locus of the stimulus
changes, the inputs do not converge and the cell firing rate
decreases. For some of the HSO cells, the best interaural time

delay i1s frequency independen*t (Moushegian et al., 1371), thus

(o)

they are able to decodsz and encode information from a coaplex
low-frequency sound souc-ce. In addition, the presence of a
population of such cells suggests that the MSO involves a plgce
xecharnisa for this decq@ing/encoding {(Goldberg and Brown, 1;69;
and, Rcse 2t al,, 1366)., Balthouqhk it is common in CHNS sensory

sys-ems 0 £ind topograrhy preserved in successive populations

i~
n

oI neurons, in tkiis case =he CHS representation of low-

b
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frequency auditorstpace is created by temporal and spatial
interactions at the level of the MSoO,

The MSO units exhibit intrafibér volleying patterns with
intervals vwhich are the same as, or multiples of, the stimulus
period (Deatherage and Hirsh, 19593). Galambos et al. (1959)
found a slow wave component of the SO AP. This slow wave was
negative, as recordednby a depth elécirode placed ventromedial
“0 the MSO, vwhen contralateral stimuli were presented, and
positive when ipsilateral stimuli were presented. Their |
explanation for %his péenomenon was that contralatefal
stimulation results in a partial depolarization of the nmedial
qiﬁq;ites, while ipsila*eral stimulation results in partial
ééﬁolarization cf the lateral Jendrites. Since the cell body
acts as a sink, the ;ecorded,uave_ﬁor +hese two types of
stimulartion vouid have Bpposife poiarities. This phenomenon of
phase reversal in the region of the SOC has been reported by
others {(Moushegian et al., 1364; Hall, 1365; and, Tsuc%}i&ni
ard Boudreau, 19364), and, with animals, is used as an indicator
tha*t dep=h electrodes are within the vicinity of the MS0Q. The
slcw wave patterr has been shoin to be distinctly different at
each point within =-he %S0, and to change depending upon whether
~he stimuli are rarefaction or condensation clicks (Galamrhos et
al,, 1372).

The above discription of 4SO functioning is a good fi:r to

a2 theory of Jeffress (1348) in which he suggested that

a
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interaural time differences may be decoded as a difference in
place, Sets of binaural neurons were hypothesized which
receive monaural inputs from either ear.  Each input reaches
the cells after a transmission deiay that is a function of
nerve fiber conduction ra*es and spatial summation of PSPs
(both functions of stimulus intensity parameters), and
interaural time parameters., ©Each cell functions as a
coincidence detsctor; +hus, a difference in neural conductiqn
time is represented as a difference in place. It is necessary
to assume that the cells only fire when, and if, they receive
simultaneous excitation from the two sides, however, this model
easily handles both temporal and intensity disparities.

Binaural beats, considered to be an indication that the’
CAS presérves information about stimulus phase, are also likely
to result from a function of the MSO (Wernick and Starr, 1968).
Using a subtraction method to determine binaural interactiona in
the SOC of cats, these researchers found that ihen tonal stimuli
of differirq frequency were presented, an envelope periodicity
equal to the frequency difference between the tﬁo tcnes
resulted, The frequency of the binaural beats is known té be
*he difference between the fregquencies of the stimuli

presented,

T
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D) V;nteractions at the level of the Inferipr Colliculus

Nauman (1958, in Endo, 1376) presentéd evidence suggesting
little or no binaural interaction at the level of the IC or
above., The IC appears however, to have a primary function in
the processing of interaural time differences, which is
consistent Qith its direct links with the MSO., Erulkar (1953)
found 60% of his sampled cells had latencies dependent on the
azimuth of the sound source. -Similarly, Rose et al., (1966) |
found cells'in the IC of cats whose rate of firing changed as a
function of interaural time diffefence. Nelson and Erulkar
(1963) found groups of cells that either changed their PSP
corfiguration, or latency, depending on which ear was
stimulated. They also found, by changing the time delay of
dichotic stimuli, that the inputs could be made to interact

either in an inhibitory or facilatory mann=r.

QLNAURAL INTERACTIONS REPRESENTED IN THE BER

If the BER wave peaks do represént the activity of
auditory brainsterm nuclei; any binaural interactions occurring-
in these nuclei shgnld be represented in the recorded BER,
given that these interactions are consistent and *he

instrumentaticn used is of sufficient sensitivity. Three
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procedures have been used to investigate these hypothesized
interactions: a) comparisoné between binaural BERs and summed
monaural right and left BERsS; b) comparisons between
rarefaction and condensaticn BERs; and, c) éomparisons between
monaural right and left BERs.

In general, Studies comparing binaural with summed right
and left monaural BERs show little or no latency shift in the
peaks, although amplitude changes do occur. Gerken et al.
(1975): comparing frequancy following responses (FRR) rather
than BERs, found no binaural/monaural differences., They
concluded that the ggsultinq binaural waveform was simply the
sum of two monaural FFRs (representing two independent
populations of neurons), and that a vertex/mastoid derivation
is nct sensi+tive +*o audizory biﬂaural interactions. Starr and
Actor (1375) also concluded that there are no substantial BER
differences betweern monaural and binaural stimulation, although
a comparisoﬂ\‘f”fhe vaveforms presented in their article shows
"the amplitude of biraural BERs tc be somewhat léss than twice
the amplitude of mon;pral BERs., This finding has been seen in
our lab, ard is of interest since it suégests that the auditory
projections from each ear do, in fact, have common neuronal
populations., This is consistent with the discussior above
corcerrning CAS convergence and divergence. Huang and Buchualdhr

(1378), using cats, found a decrement in binaural wave four

amplitude as compared with sunmmed aonaural amplitude, although

Bk ™
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no change was observed 1n waves one, two or three. Endo
(1376), using polarity altermating clicks with hu@ans, found
both a dechase in amplitude and latency for binaural wave
five, Using the subtraction technidue developed by Wernick and
Starrc (1968), he found a negative "%nteraction" peak that
occurred approximately 0.3-0.4 msec after the wave five peak.

Since it has been shown that the first peak of firing in
single units of the eithhvnerve occurs sooner after
rarefactioﬁaclicks than condensation clicks (Goblick and
Pfeiffer, 1969; Kiang, 1365; and, Salomon and Elberling, 1371);
ané, that the MSO units are differentially sensitive to these
TWO t&pes of stimuli, i+ is reasonable to expect the BER to
reflect these differences. ?he earliest studies were by Ornitz
ard Walter (1375, 13976), in which they showed a phase shift in
the first five waves for a percentage of their subjects. The
greatest difference was observed for wave four; in all cases;
latencies were shorter for rarefaction than for‘condensaticn
clicks, Hallman (1377) presented similar res&l;s, althoggn in
+his case the precedence affect of rarefaction clicks reversed
by wave four. He cconcluded that the probable cause was
neuronal COnduction speed rather than any specific irformation
processing:~ Coa=s and Martin (1377), using subjects with high
frequerncy hearing loss, showed waves two to four to be cut of
phase, with lirttle or no difference. for wave five. They

cercluded that their firndings were compatible with a dual



system view of the component sources of thewBER. Qne systen
results in a slow wvave "whose maximum vertex positivity creates
peak V", and a second system that results in "a series of four
or five oscillations ... creating peaks II to fI". Rosenhanmer
et al., (1378), hovwever, could find no significant latenéy
difference in wave one, three or five, whether the stimulation
was condensation, rarefaction or alternating clicks. They were
also unablé to find a change in the peak-to~-peak amplitude of
wave five as s*timulus phas® changed.

Since the SOC appears specifically tuned to differentiate
between left and right stimuli (Clark and Dunlop, 1968;
Galambos et‘al., 1359; Tsuchitani and Boddreau, 1964; and,
Wworden et al., 1960), it is reasonable to expéct some
difference in the shape, amplitude or latency of BER vave
three, or the negative peaks c¢n either side., Martin and Coats
(1973) and Coats and Martin (1377) have demonstrated that nasal
pharyngeal electrodes produce uaveforms that have greater
aaplitudes, and better definition, for waves two and three when
ipsilateral clicks were presented; however, wave three becomes
almost nonexistent when contralateral clicks were presented.
Lit+le other evidence has been shown in the.literature;,in
fact, as stated above, interaural differencés greater than

0.2-0.3 asec are considered to be an indication of pathology.

W ;g;;#.gwmaw;wm
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In summary, it appears thafithe contribution of binaural
interaction, or left/right;differences, to the BER is far from
clear, The following study was designed to provide sonme |
clarification-of the representation of binaurgl intégration in’
thé BER, If this neural prdﬁessing can be clearly observed
then increased understanding cf the neural generatorsvproducing

the peaks will have been ascertained.

€~

///

-
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‘CHAPTER_FOUR ;

This study used two approaches to ascertain'the extent to
which binaural processing in the CAS is reflected in the BER:
1) a comparison of binaurally presented condensation (C) and
rarefaction (R) stimuli, PFour phase conditions were used
(R-right, R-left; R-right, C-left; C-right, R-left; and,
C-right, C-left). At the outset it was only possible to
speculate on the'types of changes expected since nc research
had been published in which the binaural nature of the four
phase pairs had been studied. In terms of the whole BER
waveform, since the méjprity of monaural studies comparing
carefaction wi<h condensation stimuli had shdvn latency shifts
withVB initially evoking shorte; latencies, a similar pattern
Was expected when comparing Rﬁ (right-R and left-R) with CC ?
vaveforms. However, since the only difference,betw;en RC and
CR stimuli is‘the lateral position:- of the two phaseé, and since
it is reasonéble 20 assum& the anatomy‘of the CAS tqkbe
bilaterally‘symnetrical, no difference between the ;ggked
vaveforms (as seenrbf a éertex electrode) was ei?écted. In
gereral, differences in latency, as well as amplitude, found in
+*he early wawes :eéulting from changes in phase were expected
to pbe reflected ir at least the first five wvaves, as has been

shown for monaural stimularion (Coats and Martin, 1377;

‘n:u:hw,w,]a(. itk
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Hallman, 1377; and Ornitz and iaite:, 1375, 1976):1 In terms of
peak~spacific effects, sinc=s Galambos .et al. (1953) were able
*o demonstrate differential responding of the SOC to R and c
stimuli, changes in latency and/or émplitude were expeéted for
peak three,
2) The comparison between a binaurally evoked BER wavefornm,
and the algebraic sum cf two monaural waveforms. If the BER
reflec%s binaural integration, a comparison between binaural
and combined monaural waveforms should resul: in the followlng?
differences:
a) decreased binaural amplitudes at those peaks representing
neural integration, This is based on the assuaption that
piraural activation of a CAS structure will not produce the
same amplitude as thé algebraic suommation of a left and right
monaural activation of the same structure. If a particular
wave peak is found to have a smaller amplitude when evoked by a
binaural stimulus zthan *<hat produced by algebraically summing
responses to two squivalent aonaural stiauli, It can be argued
that +his peak is an irndicaxor of binaural integration. If the.
neural igpﬁts from the two cochleas, through neuronal
divergence (a knowr auditory phencmenon} results in the
ééptivation of binaurally iﬁnervated neurona} populations at
Thigher levels, zhen stiszulaticn of the left or “he right ears
seéparately will resul* in some activity vwithin <hese

populations, However, stisulazion of both ears simultapeously

e

4
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will resul+t ir a different contribution to the BER due to the
overlap of the activation of these populations. It foilows
that for those generator sources in which binaural neuronal
populations exiét, the BER evoked by binaural stimulaticn
shodld not egual the sum of the responses to separate right and
left monaural stiaulus presentations: Binaural RL < Monaural B‘ﬁ
+ Monaural L., If there are, in fact,)tuo separate monavural
systems involved, or if %o binaural integration occurs in the
gecerator sources of the BER, nc difference in amplitudes
Qétueen biraural and coazbined monaural Havefofié should occur.
5) since dual inputs to a binaurally activated CAS system
éhould result in the pool of affected neurons reaching
“hreshold sooner‘than single aonaural inputs (Pratt and Sohnér,
f976), a decreased latency for imtegrating peaks is expected
éo: binaural sziaulation., C:? -

>

Addi<ional conditions studied:

‘a) pictorial coaparison between binaural and combined monaural

vaveforms whers the stizulus conditions are a change in time
{Delta T) or a change in intensitf (Delta I) of one ear
relative to the other, This phase of the present experileﬁt,
¥3S purely exploratory. No previous studies of the BER have
nsed these stimulus conditions, probably because of their -
confcunding nature. That is, by delaying the click to one ear,

re.ative to the c~her, <wo BER waveforams will be produced in

»

A



which all peaks will be delayed for one, If binaural
integratior does occur, it will be confounded by the complexity
of the combinad waveform, Sili%arly, by decreasing the
amplitude td onexear relative to the other, a similar delay in
all BER peaks geperated by the decreased stimulation will
result., Therefor2, siaply for ekploratory purposes, pictorial
comparison. was used, Torhelp eliminate the expected
confounding (and since the interest is in possible binaural
interaction and not the known monaural changes caused by these
stimuli), for both the delaysvin latency and decreases in
anpiitude, waveforas were averaged across subjects and all
Delta I or Delta I.conditions, and the BI/MON differences
plc<ted., Por this part of +he s+tudy, rarefaczioﬁ clicks were
the phase choser sinée, iﬁ our lap, it has praven easier to
delireate the wave peaks clearly with +this type of stimulus.

o) statistical determination of significant in-eraural
differences for peak five, This is also an exploratory part of
the study. Since it is now common, in clinical .settings, to
use interaural differences in BER waveforms as indications of
patnology, i+t is necessary to determine if the interaural
latency differences wi<hir the normal range (i.e., less than

- 300 usec) are randoa (i.e.,/no significant differepce in noramal
subjects), or, if not, wahich ear shows longer latepcies. This
latzter possibliﬁy also hasrinplications for those iﬁterested in

~he laterality of CN3 syszess,
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c) pictorial comparison of left and right waveforn differences
measured by a taggeid/nastoid derivation.- Although the mastoid
kas been ehown to be an electrically active site in the past,.
because of its continued use.as a reference site in BER |
research, it seemed important *o reiterate this point. 1In
addition, since researchers have pointed to differences in
mastoid/mastoid waves, as compared to conventional
vertex/mastoid waves, a comparison was made between the
latencies of the ob*tained waveforas to deteraine which (if any).
of the peaks and troughs correspond, ard the direction of |
difference, |

d) comparison of :the waveforms obtained by a conventional
vertex/mastoid derivation with a vertex/nomn-cephalic
derivation, Siqce a ruaber of studies have shown both that
+here are different dipole orientations for different BER

- generator sites and that the mastoid is an active site, it was
eonsidered that a non-cephalic reference might delineate
biraural interacticn effects more clearly.

e) measurement and analysis of latencies and amplitudes for both
BER peaks ahd troughs., Traditionally, troughs of the BER
vavefora have received little or no attention. However, it is
important to deteraine if the troughs represent ‘actual
processing in the CAS or silﬁly the restoratiorn of éeak
agtivity to a :estiné ievel. If thej, in fact, rep;esenf CAS
prccessing, their study may be important in understanding the

ratzure of -the full sys=zen. L
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METHOD
Subijects

Ten néle and ten fémale paid subjects (mean age of 22,45
years; range of 18-3U4 years) were recruit2d from the Simon
Praser Univeréi-y s+tudent body. All subjects were screened for
hearing defects (gé&esy Audiometer, type EB800, Grason-Stadler);
six potential sﬁbjects were no* used due to hearing losses in

excess of 25 dB (1364 ISO values) for the pure tone freguency

range of 100~10000 Hz. This cut~off was chosen after personal

consultaticn with Dr. P. Gannon,
Apparatus

Beckman BEG disc, silver/silver chloride electrodes (16m8)
were attached to the vertex, forehead, seventh cervical process
anéd both mastoids., ERedux electrode paste (Hewlett-Packard) was
ysed for abrading the skin and for providing the electrode/skin
in-erface. The impedance between pairs of recording electirodes
was l1ess than 5000 ohms in all cases. The recording
&e:ivatiézs were as follovws: vertex active, right mastcid
cefererce; vertex active, seventh cervical process reference;
lef~ mastoid active, right zastoid reference; and, forehead

grourd, Amplification was accomplished by either a Tektronix
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Type 122 or Type BM 122 first stage amplifier {bandpass 8-10K
Bz), and a Grass T7P5-A/DAC second stage ampiifier'(bandpass
10-40 KHz). EEG output was recordz2d on a Tandberg 115 FM
taperecorder (bandpass 0;5 KHz) for later ave;aging cffline.
Figal offline signal conditionirg (Krohn-Hite Model 3323 dual
filter) set the bandpass «o 80-3000 Hz, A Pabritek 1072 signal
averager was used with an A/D sampling ra%te of 20 usec per
point for 512 points; each average was comprised of 20438
stirmulus presentations. The averager was set td nine bits of
resolution, thus for an approximate amplification of 100,000x,
comparison of plotted signals can be accurate to no closer than
0.033 of a uvolt. Aferaged sigrals were transferred to disc
storage (Data Gerneral Nova 3, miri computer) for further
prccessing and final plot+ing (Houston Omnigraphic, model
E-6650) ., Initial calibra<ion of the system was accoamplished
u;ing a Bioelectric Ins:rumepts, Ci5 calibrator set to deliver
a “wOo @sec 2 uvclt squarevave, Daily calibration was
thereafter accoapiished using a 50 uvolt signal (Grass Model

S¥C~1B Sguare Wave Calibrator).

-

Click duration was set at 6.2 asec, Benerated by either a
Wavetek model 184 or 185 signal generator triggered by the
furction generator described below., This duration vas chosen
so that comparisons$ aight be made betwsen this study and those
of Endo (1376), Hallman (1377), and Ornitz and Walter (1375,
3976). Inter-stimulus-interval (1ISI), set to 50 asec, vas *
generated by a Hewlet: Packard Variable Phase Function

Gererator (model 203a). This ISI was chosen for two reasons:
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a) the grea*test rarefaction/condensation (R/C) effect occurred
in Hallman's study at this ISI; and, b) recording times per
stimulus condition are of reasonable length for subjects.
Relative delays in the stimulus latency (Delta T) were obtained
by changing the phase of the variaolg\output of the function
gererator, Both stimulus intensity and delay were monitored on
a Philips oscilloscope (model PM 3232). Online monitor
averaging was carried ou* on a Pabritek 1052/LS signal
averager, Clicks were transduced by TDH-33 earphone speakers
pounted ip MX41/AR rubber cushions. The modification of the
click by the meghanical ppoperties of the transducer is shown
in Pigure 7. Clicks of equivalent duration have bsen shown to
have peak energy in the .3000-4000 Hz frequency range (Hallman,
1377: Ornitz and dalter, 13975, 1376). Rarefaction and
condensation waves were defined as the df&ection of first
moveaent of +he transducer diapkraga and were prcduced by
reversing thg\polarity of the square wvave froa the sigral
generator., Ciiqkjintensity vas set at 65 dB AL as defined by
the forlula:v dB = 20 log [ voltage of signal/voltage of
threshold ] (Picton et al:, 1973). This dleevel ¥as chosen
since i=% approachés the intensity lavels at waich peak
amplitude plateaus are reached (i.e., the CAS 1s being driven
near its BER naxiﬁun} and the intens;ty level is neither
harsful nor disconforting to the subject. Approximate
equivalent 4B level, at an ISI of 2 asec, was 36 dB SPL, as
measured by a General Radio Co, socund level meter (type

1551-C}) fitted with a one-half inch condenser microphone (:type
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RAREFACTION CLICK

CONDENSATION CLICK '

FICURE 7
TRANDUCER MODIF ICAT ION
OF SOURRE WAVE



1560-P5) and a General Radio Co, earphone coupler (type 92).
The sournd level aeter was set at "slow'" with a "B" weighting.
The recording rock was neither 2lectrically insulated nor
sound attenua+ted; in order to elimina*te possible external
electrical interference, first stage amplifiers were placed in
the roos within resach of “he electrode lead Hi;es. No
observable incfeaagﬁin background noise resultred frem *his

placespent.,
PROCEDURE

Preceeding each recording session the anplification systen
vas adjusted for d.c., 2ffset and calibrated. Subjects were
placed in a semi-supire posizicn on an “"easy-boy" type of
:ecli;g; zocker, All were told to rest, relax and, if

pessible, go ic sleep, Lights were turned off, clicks vwere

o

arned on, and, aftar aonitoring shovwed substantial auscle

aaxation {i.e., a leveling »f muscle artifact in the EEG)

+y

and/or five :inutesﬁhad elapsed, recording coazenced. 1Iwvwo
potential subjects were eliainatred Zrom the study due to
excessive mpuscie aztifac: conianinaf&on. The F.H. fapérecoxder\
CRT allowed continuous aonitorinmg of background auscle
activity; 1if the subjec~ showed a build up of muscle tension,
recording was interrup*ed and zhe subject was given 2a "stretch"
break, Average reccrdiag tiaes lasted approxingtely 1 1/4 to 1

-

/2 hours,
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All subjects received the following ten randomly presented
stimulus ceonditiorns:

1) rarefaction - lef+; rarefaction - right;

2) racefactiocn - leftr; condensation - righrt;

3) condensation = left; rarefaction ~ right;

4) condensation - lef+<; condensation - éight;

5; rothipg - lef=~; rarcefaction - right;

) nothirg - lef<; condensation - right;

7) rarefaction - lef=z; aocthing - right;

8) ccndensation - lef+; nothing - right;

3) rarefaction - ief= using right transducer; no+thing right;
and,

10) condensa+lion - lef: using right transducez; ncthing right,

Subjects were divided into w¥o groups (each comprised of
{ive females ard five 2ales) for the second nalif of the
experiment. G:odp A recelved zhe €following 16 <rcandomized
"s+iaulus conditions usizg only rarefaction clicks:
1)y 45 dB - lefr; 65 33 - rignt;
2) 45 dB - left; 0 48 - cight;
3y 50 dB - lef+x; 65 4B - zigh%;
4) 50 4B - left; 0 dB —»:ight;
3) 55 4B - left; 65}331- right;
£) 55 348 - left; 0 4B - rigat;

7y 60 dB - lefr; 65 db - right;
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8) 60 dB - lefx; 0 dB -~ right;
3) 65 4B - lefr; 60 4B - rigkht;
10y 0 4B - lef+; 60 4B - right;
11) 65 4B - left; 55 4B - rigat;

12) 0 4B - lefx; 55 4B - right;

14y 0 dB - lef=; 50 dB - rcight;

15) 65 dB = left; 43 4B =~ rigat; and,

ollowing 16 randoaized stimulus

@
r

Toup B receivzd %he
‘cordi<ions using only 65 dB rarefaction clicks. All clicks,
whether Tight or lef:,vwgpe referred éo the pulse generated by
~ne ¥avetek driving =<te righ+t transducer:

1y rzgn+ click; left delayed 0.2 msec;

2) no Tight clicx; lef+« delayed 0.2 asec;

'3) right click; left delayed 0.4 asec;

4) no Tight click; lef+ delayed 0.4 msec;

5) right click; left dzlayed 0.6 asec;

&) ©o :ight click; lef« delayeﬁ‘o.é asec:

7) rigﬁt ctick; lefr delayed 0.8 msec;

8} Le righ+t clicky lefr delayed 0.8 msec;

33 right click; lefr advanced 0.2 asec; ‘ .

10) no righ+ click} lef+ advanced 0.2 ms=2c;

11) right click; lef+ advanced 0.4 msec;



12)
13)
14)
15)

16)

n; right click; left advanced 0.4 msec;
right click; left-advanced 0.6 msec;

10 right click; left advanced.0.6 msecC;
ridht ciick;%left adﬁanced 0.8 msec; andg,

ro right click; left advanced 0.8 msec,
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RESULTS

following:
= negative waves {i.e.,, troughs of waveforas);

ositive waves (i.e.,peaks of waveforas);
|%

L}

-

vertex/aas+toid;
= vertex/non~-cephalic;

= rarefaction right, rarefaction left;

-,

= rarefac+ion Tight, condensation left;

= condensation right, rarefaction left; and,

condensation right, condensation left.

ard amplitude measures were taken blind from the
oras; that is, stimulus conditions were not known

f measureament (other than the subjects from which

the waveforas were obtained), ané both latencies and amplitudes

ware measured
occurring aft
eliminate the

condition, or

problematic,

in centimeters with conversion to msec and uvolts
er coaputer apalysis. This was carefully done to
possible experimenter bias if either the stimulus

i — —

the wave peak latencies were knovwn.

This is d@ixpecially true when one attampts to



compare dif ferences in latency in the 10's of microseconds. No
explanation of exact deterination procedures has been reported

-in the literature to date. Since the BER wave%ﬁZE is a complex
potential, and since each potential is somewhat unique to each

subject, @ detailed determination procedure is necessary to

enable replication. A systeam for peak/trough determlnatlon was

developed for this study {see Appendlx a) and was used on alil
wayeformas, Two gquestions arose concerning this procedure: a)
would other researchers, using this procedure, agree in their
gross identification of peaks and troughs; and, b) how nuoh
variability in rater's determination of microvolt and
millisecond values can be expected? The second guestion is
rost important since it will set the lower‘lilits for

di fferences that can be_regarded as significant results of
experimental conditions regardless of statistical significanoe
. of the data, In an effort to answer these questions, six
individuvals (raters), with little or no experience with BER's
determined the peaks and +roughs of the uaveforls for two
randomly selected subjects (z.e., a total of 32 waveforas).
Prom these data, for ench peak"and trongh, the an estilation’of
the variance of the raters was obtained (see TablekOne, a) ;
vhere X is 2 raters de*erllnat*on for a single peak cr trough, ; . %

X is the amean of all raters fo* tbat partlcular peak or trough,

and B is the nuane&_of raters; and, an estimate of the variance
of the autbor, (see Table .One, b), vhere Y is the author's

previous detersinaticn., An P ratio was formed from these two
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TRBLE OF FORMARE FOR
RATER STATISTICS
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32x(R-1)

-
&=

32x(1+1/R)
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variances (see Table One, c) with a df of 32 and 160.

significance wculd indicate that the raters and the author were

selecting different component to be measured. The following

F's were obtained:

a) Latencies

P1:
‘Ti:
p2:
T2:

P3s

T3:

P4:
P5:

T5:

F = 0,134/0.237 = 0.565
F.= 0.050/0.056 = 0,771
F = 0.024/0.030 = 0.802
F = 0.026/0.098 = 0.265
F = 0,028/0,023 = 1.211
P = 0.009/0.026 = 0.356
F = 0.026/0.047 = 0.555
F = 0.025/0.102 = 0.245
P = 0.018/0.066 = 0.275
F = 0.039/0.117 = 0.335
P = 0,027/0.104 = 0.259

b) Amplitudes

P1%
T2:
P2:

T2:

.

P

] 1} " N L] [} U} " "

0.094/0.153
0.026/0.047
0.021/0.030
0.044/0,040
0.023/0.035
1 0.020/0.041
0,040/0. 144
' 0.077/0.266-
ojoza/o.ovo
0.054/0. 122

0.023/0.134

i

0-616 e y

0.55
0.636

1.09

o.e?g\

0.485

= 0.278

0.283
0.414
0.443

0,261
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”de;ernlnatlon as might be expected from the dlfference in

Sane“nnhE,reacheseslgnlflcanceiethis41ndlcaieseihaiehntheegggggf

the author and the raters were identifying and nea=ur1ng the
same BER conponents. In addltlon, since the ma jority of F's
are less thaﬁ 1, the author's_determiﬁations are closer to the
raters',means than the_rqters'aré to their own mean. Iﬁ other

words, the author shows less variation in peak/t}ough

£

experlence with BER waveforns.
Two estimated stahdard errors (ESE) were obtained. The
first ESE was for the author (the square root of the~variance

?
(multiplied by a conversion factor to msec (0.128) and uvolts

(0.0M)) which comprised the lower limit ¢f difference accepted
as significent. A second’was the peoled ESE fér the raters
plus the auﬁhor. This pooled ESE (see Table One, 4) is thet
best estimation of peak/trough determinatioh deviation of any

single individual chosen at random to serve as a rater.

Authorst'! ESE:

“ Latencies Amplitﬁdes 7

P1:  +/-_0,047 msec . +/- 0.01 uvolts

T1:  +/- 0,029 msec -~ +/- 0.01 uvolts

P2:  4/- 0.020 msec  +/- 0.01_uvolts

T2: +/- 0.021 msec N +/- 0.01 uvolts

- P3: +/- 0,021 msec - - . +/= 0,01 uvolts . . ep

T3: +/-'0.012 msec  +/- 0.01 uvolts N
P#: +/- 0,021 msec +/- 0.01 uvolts | :

P5: +/- 0.020 msec ) : +/- 0.01 uvolts
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+/=- 0,01 avolts

+/- 0,01 uvolts

T6: +/- 0,021 masec +/- 0.01 uvolts

Pooled ESE:
Latency - A;plifude—

Pl +/- 0,060 msec +/- 0.02 uvolts

Tt: +/- 0.032 masec #/=- 0,01 uvolts

P2: +/- 0.022 msec - +/- 0.01 uvolts
T2: +/- 0.027 msec - . ¥/~ 0,01 uéoits

P3: +/- 0.020 msac i - 4+/= 0,01 uvolts

T3: +/- 0.019 msec Q +/- 0.01 uvolts
P4: +/~- 0.027 msec ~+/=- 0.01 uvolts
Pé: . +/- 0.038 msec ' " +/- 0,02 uvolts

T5: +/- 0.023 msec +/- 6.01 uvolts
pP6: +(- 0.0u1 nseé - ¥/~ 0.01 uvolts
T6:  +/- 6.039 msec - +/f00.01 uvolts .

Even with the procedure outlined in Appendixrﬁ, P4, P5, P6
and T6 vere not clearlyvob§er§able in scome vwaveforms. When
this occurred, the subject was eliminated for all aﬁélysés of
the affecteq peak or trough. Although the vaves were not
"missing” in all stimulus comnditiomns, the underlying asSunbtion
of this stgdy vas that they were in fact present ih all
- waveforms, but cﬁéouflaéed by neural activity of unknown origin
dr causgrinaspn;”cases, j$hus.it was felt t6 be more reasonable
to elilinate,allrdata for»the7affected peak orltrough thaﬂ to

attempt a missing data analysis,

Two latency measurements were obtained; the first with
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ﬁine zZero beingrthe'sweeﬁ initiafibﬁi6£ thérsignal averager
(raw latency), and the second with T! as‘;}ne zeré (derived
létency).‘ Thas, accofding to the classical BER 1literature
(e.g., Huang and Buchwald, 19378; and, Salamy et al., 137)),
bo%h peripheralﬂand central latency components were studied
separately. T! was chosen ovef P1 since P1 has proven
difficult to determine exactly. S

Two i}plifude measurements vere obtained; one using T1 as
arbitrary’zero voltage (zero basgline amplitude), and a second

using the absolute value of peak-to-trough‘anplitude‘\g o

differences (peak-to=-trough élplitude); Thus, influences that

affect the overall ua#eforn as well as those affecting separate

peak/trough amplitudes wvere studied. .

_Since little or no difference in latency or amplitude as a
result of‘binaural interaction has been reported in the
literature,zif significant changgs do occur, they are likely to
be extreqély spall. This results in little obseriable
differenée';hen rav waveforms for different conditions are
plotted (see Figure 8). Im an effort to betfer represent
waveform changes in plotted form, two technigues were used: a)
'vhenever\ihefe was only a singié conpafison between two means

- T :

(binaural vs monaural and vertex/mastoid vs vertex/

non-cephalic) a difference betwveen the means was plotted;
(aonaural minus binaural, and vertex/non-cephalic minus
vertex/mastoid) and, b) for pHase, the difference of each

iﬂdividual phasé mean from the grand mean of-all fcur phase
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conditions (at e;éﬁin&fvié%l peak and trough) was plotteds —
In all cases, ploz*ing is silply'a representation of the ANOVA
firdings acd does rot represent an analysis of this linear
transformation. \

Initial analysis'of variance indicated little or no sex
dif ferences, thus all ANOVAS were carfiéd out ignering sex. A
thfeehfietef ¢(2-x 2-x 4) within subjects analysis of variance.
design vas used to evaluate amplitude and latency measures
(2lectrode derivation x binaural/monaural stimulation x
stimulus phasej. Each peak and troﬁqh vas analysed separately
resulting in 40 analyses. There is no theoretical reason to
consider the two latency analyses and the twe aaplitude
analyses to be orthogonal, thus alpha levels were ad justed to a
probability level of 0.013 for determining significance *
(al+though considered too restrictive for the present“study, an
alpta level adjusied for +he 490 analySes vould%haveﬁtoAbe set
o 0,001y, A test of thensynnetry 6f thg,variance/cova:iance
natiix vas carried out for all analyses., All sigﬁificant
results that failed gb show syanetfy atva probability -level of
_0.0S vere reassessed using the c;nservative té5t4procédufe
outlined by Hyeré (1972, p. 177). Any significant‘differenéé

failing to reach the 0.025 level of probability with this test

#as not considered.

Analysis of vaTiznces coaputatiouns were carried out using - -

BMDP2V (Analysis of Variance aad Covariance including repeated
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measures) of %hesaealth SCiences‘COnputinq Eacility,iucia,
1577. Oce furthérréﬁaiysiéocfrvafiance (sex Sy ear) uaé
carried out for P5, The left P5 and right P5 latencieé: for
this analysis, were obtaineg by averaging'the lqpaurai raw

latency measures for vH-C and VM-R presented t¢ each ear.' The

same transducer was used for both ears to eliminate possible

mechanical differences. All computer calculated means were

verified by hand calculation to ensure the data had been

proparly read.

Y

ANOVA Tables for all peaks and trougﬁs for the two latency
measures and the tvwo zmplitude measures are presented in |
Appendices B through E. Frequency hiStograns‘of each peak and.
trough for raw latency and zero baseline data are presented in
Appendix H, Figure'9 illustrates the composite wvaveform across
all- subjects ;nd co;ditions, and Table Two éhoi5~the Taw
latency and zero baseline amplitude means fdr all waves and.
~ trougns, Ali BR2ans are wWithin the bounds feported by othér_
authors, other than P2 (published range 2.4-2,8 msec). It is
of interest that with the particular reéordinq parameters used,
P5 shows a smaller "waveform™ positivity (as neasured‘ffon an
arbitrgrz vavefo;l bageline) than that of Pf‘(a not un?bnndn

‘7finding in the.literathre;:e.g.;7Schu1ﬁan-Galanboé and

Gdlaabos, 137%; and, Starr and Achor, 1375). 1In additioh,

throughout the blind peak deterniﬂation, it seemed apparent

~*hat P6 and Té were occurring ;n only approximately half the

-
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TABLE TWO -~ LATENCIES gHD AMPLITUDES FOR COMPOSITE BER

3

Wave - Raw - Baseline
Latéﬁcy o "77 ~Amplitude

P1 ] 1.80 0.47-
71 2,33 0

P2 2.94 0.86
T2 3,33 : 0,50
P3 3.78 0.37
T3 4.31 | 0.20
PU 5.04 .15
P5 5.67 1.03
T5 6.42 -0.66.
P6 7.53 -0,03

- T6 7.99 -.031

Note: Latenciss are in msec and amplitudes in uvolts.



Sy - R

|

N R E‘D ‘ “ - . SQ -
— - T T — T T T ] « @ . = B < ~& § 4 e & .
sub;ectST thuS—these/peaks—aad~tfeﬁgh54vefe—ﬁet—neasere ’:f;"ﬁ”“
However, once arbitrary latency unlts had been converted 1nto R

L J
esec, it becanme apparent that the peak thought to be P7 was, in: -

actuality, P6 and the eliminated peak pfbbably‘theQSEne‘peak

<diséusse& by Don‘et al, (1977).' Further study of the

Vproperltes of this wave is 1nd1cated.

3. Interaural Peak Five Latency Differences

‘Neither a sex effect nor a laterelization effect was found
(see Appendix i}. The mean difference between the right and
, B /
left ears wvas 0,042 msec, well within the bounds of clinical

normalacy.
B, Electrode Derivation Effects

1) Latency Measures

Figures 10 and 11 illustrate the mean difference between
Vertex/Mastoid and Vertex/Non-cephalic derivations. In all
cases'where a significant difference occurs, VM results in

-

shorter latencies. For raw latencies the following p values
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IR e . T 3
e were obtained {P3 and 'T5 ‘do not meet theAnini:ul asec
| R Qiﬁfétenée[féQQire:enfs): ) ’ ' f»”- *a';: ?,
S ER 4100 L S
| - Tfi ,9‘=“,05§ : | -
o P2: 'p < .001 - ) f’
) 72: p <.001
P3: p <5001 | S * ‘
. ‘ 53{ p = .0uéb - j
N }Pi?” P = LO04T T T
P5: B 3,100
T5: 5 =.'°03
- P6: P >..100
T6: p > .100
'fof latencies measured from T1 (d;rived l;tencies); no .
significant differences were shown: |
P2: p = ,074 ’
T2: p = ,062
P3: p >7.!00‘ |
T3: p> .100
P4: p > 100 )
P5: p = .015
- TS5 - P ) » 1667 T 77 "7’7'77777'7"7'"7;""" e W"'W; N :7 N
- -~ —— —-P6: p=,036 — . | |
T6: p > .100 ‘ '
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i derivation by phase interaction fow rav latency at B (p

= §.010) proved sigpificant (Figure 12). 'As shown in the

Nevman-Kenls Sztude

.
ko -
ntl

zed Range Statiszic (Appendix J), and in

terks ¢£ the minimum cutoff for mean latency .differences,

shorter latenclies were fcund for the VM condition when a

rarefactipgn Stimulus was preseated torthe left ear.

- 2) Amplit ude Meaasures

-

Figures 13 and 14 illustrate the VM/VN differences for the

baseline amplizude and

-

all cases whers significance occurres, VN represents a larger
vavefora thar V4; <hus, for P2 to P5 VN is more positive, and

for T5 to T6 VN is more negative, ‘For,zero baseline amplitude

<he peak-to-trough anplitu&e data. In-:

war

data the following p values werce obtained: -

= B

P2:

p

P

D

p

P.

> . 100
< 001
< .001

< L001

= .007

< .001

< .01

< L0071
2

= .,004

< L,001
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For peak-to-trough amplitude data the following p values were
obtained:

T1: p > .100 -

B2: p < .00%

T2: p < .001.

P3: pe= .001;

T3: p‘< .OOf

P4: p < .001

) ;T5: ‘P < 001

'P6: p < .001
T6§ p = .012

PS was no+ calculated for peak;to-trough amplitude data
siﬁee data for T4 vete missing, 1In coﬁperiig zero baseline
amplitude data with pe@kfto—trough‘amplitude data it must be
kept in mind that whereas zero baseline amplitude4data
represent the amplitude of peaks and troughs'from an arbitrary
baseline, peak-to-trough amplitude data represent the ebsolﬁfe
value of peek—eo-t:ough differences. Thus peak-to-trough
amplitude for any one peak or trough represents the combined

effect of that peak- or trough and the preceeding trough or

peak,
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P1, TS5 and T6 shoved significant derivation x phase
interactions for zero baseline aamaplitude data, although they

did not meet the minimum cutoff for noa-symmetry.

Three derivation x phase interactions proved significant
for peak-to-trough amplitude data:

T1: p

= 004"
-P4: p = ,004
p6: p = .004

Ab 1llust*ateu in Pigures 15 through 17. 'For'Ti, RR/RC
dlfferences for boub ¥YH and VN show the sane pabtern -=- RR
re;ults in qreate; ampli+tudes than does RC. The CC/CR ..
diffeIenées;fgowéver, are not sinilér betueeﬁ VN and VN.
Altbough the direction of difference is ;hé>sane, the VN
condition results in a iugh larger differ=snce (CR rEsulting‘in
greater amplitudes than CC). 'In %ddition, the YN CC/CR
émplitpdes are greaéer than the VM CC/CR amplitudes. iPor.Pu, ’
the pattern is reversed with RC and CC showing greater
amplituaés than FRR and CR respectivelf. This is in accordance
with the fipding for Phase discussed beiqu.

One derivation x BI/HOH interaction was also significant
for peak-to-trough amplitude data (Pigure 18{;_f6:‘ p < 001,
YN is more positive than Yﬁrfbr ﬁinaural amplitudes butishows

little or no difference for coabired monaural data.
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C. Binaural vs Combined Monaural Effects
1) Latency M3asures )
'Pigures 19 and 20 illustrate the BI/MON differences for

latencies., Raw latencies for BI are significantly shorter at

" P5 and T5. A similar pattern is found for derived latencies.

. A P .
The following are the p values obtained for raw latencies:

Pl: p 015

TY1: p > 100 kl.f;
P2: p > .100

72: p > .100 o o | | _
P3: p > .100 | o
T3: p > .100 .

P4: p > 100

P5: p = .003
T5: p = .00}
= .,086

P6: p
T6:ﬁp $R,100

'The following are the obtained p values for derived latencies: -
P2: p > .100 | |

. 050

T2: p

PB: p> 117700 o ) . 9 o o L ‘,,ﬁ

T3: p > ,100

P4: p = .077

P5: p < ,001
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75: p = .002 T
P6: p = .035 .
T6: p > .100
2) Amplitude Measures ;

‘Fiqures‘21,aﬁd 22- illustrate the BI/NON differences as a
"“ThnC%Iﬁﬁ"éf“ilpllfﬁaér*fniﬁnjftﬁSES”vﬁéréfsiqnffitance*cccursr*AA“****#
MON -amplitudes are more positive than BI amplitudes. The '

following are the obtained p values for zero baseline amplitude

o

datas : - L
o ) L
= Pl: p = .012

P2: p = .013 ) T
T2: p = .081

~P3: p = .021
T3: p = .051
P4: p = ,003
P5: p = ,003
T5: p > '.100
%f: p > 100 ; -~ - . g

T6: p > yf00

The folléuing are the p values for peak-to-trough amplitude

y
data:

T po=.003 - B ’ ’
a p2: p=.013 - -

T2: p > 100 B _
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P3: p = .084

T3: p > .100

éu: p = .020

I5: p = ;QOQ

P6: p > .100

Té: p = .025

' BI/MON x phase irteractions also occurred for~bot£'

corditions (Figures 23 +hrough 25):‘ at P4 (p = .012) and P6 (p
= ,005) for zero baseline amplitude data, and P6 (pt< .001)
for peak-to-trough amplitude data, The pafterns shown are 3
essentiallyithe same as “he derivation x phase interactions for
}

“he same peaks and *roughs discussed in section B.

e

D. Phase Effects

1) Latency Measures
Figures 26 and 27 illustrate the iatency differences for
the four phase conditions at all peaks and troughs. The raw
latency main effects at T5 (p < .010) and P6 (p = .001) do not.
cccur for derived latencies. However, P3$(p < .001) occurred
for derived la“‘ency data and not for raw latency data. Tl (réw

latency data) did not meet the mipimum requirements for

non~syametry, ‘ /-
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2) Amplitude Measures
Fiqures 28 and 29 illustrate the amplitude differences for
the four phase conditions at all peaks and troughs. P2 tﬁrough
P6 main effects proved significant for zero baseline data:
Pl: p > .100 -
'§2: p < .001
T2: p = .001
P3: p < .,001
T3: p = .001
P4: p < 001
P5: p < .001
-T5: p < .001
P6: §‘<‘.001
T6: p < .001
The pattern is two-fold: for thé right ear (with the left-
ear held constant, either R or C) a changé from a rarefactibn
to a condensation click results in a decrease in the amplitude
of *he peaks and troughs; for <the léft ear (uith‘the right ear
held constant) a change from a rarefaction to a coﬁggnsation |
click results in ar increase in the amplitude of the peaks and
troughs. TherNewm%B-Keuls Studentized Range étatistic
(Appendix F) sh6§gi howevef, other than the CC/CR difference at
T2 and P5, the effect of stimulgé phase prese@ted'to the ieft’

ear can only be cornsidered a non-significant trend.
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Peak~-to-trough amplitude main eﬁfectssﬁoged;hefollaligg;
p values, although T2 and TS5 dia not ﬁeet the minimum
requirements for non:symmetrY{
Ti: p > .100
P2: p < .001

T2: p = .00u4

| i .
P57 p < 001 N | o
\T3: p > 100 B |
Pi: p < .001 .
T5: p = .005 « |
P6: p > .100 -

T6:- p > 100

The RC/CR means show P2, P3 and P4 (for‘RC) to be more
positive for peaks and more negative for troughs'(i.e., it
indicates a iarger waveform, as compared io the CR waveform,
for these peaks and troughs). The RR/CC means show that RR is
more positive @or P2, P3 and pu; (see Newman-Keuls Tables
Appendix F and G); It is interesting to note that the RR/RC and
CC/CR differences do not reach significance. Thus, as wifh ,
zero baseline data, differences arise primarily from a change
in phase presented'ﬁo the right ear.

All interactions have been discussed above.  These include . ..
derivation x phase interactions at T1, P4 and p6 for L

peak-to-trough amplitudes; and, BI/MON x phase interactions at



~

P6 for peak-to-trough amplitudes. Two three-way interactions
dccurred for zero baseline data at P4 (p = ,003) and P6 (p =
.011) (Figures 30 and 31). They basically show the same
'functions discussed above; YN results invlarger ;aveforms than
Vﬁ, and R pres;nted tb t+he right ear results in greater
amplitudes than C bresented io the right”gar. For Pu,'tge;e is
also the‘indication that R presented to {he right ear results
in greater amplitudes in +he MON condition than in the BI

condi t‘:"Lon.

h

E. Mastoid/Mastoid (MM) Derivation

Figure 32 shows the conmposite waveforms for the MM

. derivation (left mastoid active). Since a consistent waveform

_ I
was obtained it is clear that the mastoid is an active BER

site., The waveforms for monaural l2ft and right stimulation
are almost mirror images, and when either summed monaural or

binaural waveforms—3iye plotted, these mirror images essentially

" carcel (Figure 33), Figure.34 shows the composite waveform for

right minus left waveforms. The pesaks and troughs, as
&

r

labelled, compare closest with the peak and trough latencies of
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'COMPOSITE MONRURAL
MASTOID/MASTOID WAVEFORMS

FICURE 32
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3.0 Cn = 0.26 WVOLTS



.~ COMPOSITE BINRURAL
MASTOID/MASTOID WAVEFORMS

 FIGURE 33
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Figure 9 as follows:

Mastoid Active Vertex Agtive
£ PL o= 1.73‘m§ec -- P1 = 1,80 msec
T1 = 2,27 M == T1=2,32 ® - e
P2 = 2,53 © -- P2 = 2,94 ."
T2 = 3.10 -"  -- T2 = 3,33
P3 = 3,87 v -- P3 = 3,78 "
T3 = 4.74 " == T3 = 4,31
P4 = 5,44 " - P5 = 5,67 -
T4 = 6.27r v -~ T5 = 6,42 "
P5 = 7.26 ¥ ~- P6 = 7,53 "

TS = 7,78 " == T6 = 7,99
What is of interest is that ornly P3 and T3 show longer

latencies for the mastoid active vaveform as compared with the

vertex active waveforn,

F. Composite Monaural Combined vs Binaural Waveforms for Delté

I and Delta T.

1) Delta I (Figure 35)

The difference waveform ﬁas obtained by subtracting ther
'composite BI>waveform (average waveform across all subjects ané
conditions) from the compoéite MON waveform. HKhat iS,apparént
is that Delta I did not result in a BI/MON latency shift at the

peaks and” troughs, but did result in a generally more positivéx
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(with T1 baseline) wavéform for MON, and larger differences for

BI at P3/T3, P4/T3 and P5/T5.

2) Dé;ta T (Figure 36) | —

The difference waveform was obtained in the same manner as
B&%fa I. The waveforms do not show the same amplitude function
as Delta I (although there apbears to be a téﬁdency toward an
 overall larger MON waveform). The‘specific amplitude
differeéces appéar\to be a decreased peak-to-trough ampiitude

at T1/P1, T3/P3, T5/P5 and P6/TS.

N
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DISCUSSION

A. Derivation

‘Amplitude differences between VM and VN derivations were
expected._'As early as'197u, Terkildsen et al. Shoued that by
moving the ‘refersnce electirode fron an aural region to either
the homolateral or contralateral side of the neck, the action
potential complex reduces in size while later neural potentials
gain in both definition and amplitude. Similar findings were
reported by Alien and S*tarr (1378) in monkeys. The basic
hypothesis is fhat the early waves comprising the AP conélex
(BER peaks one through three} are heterophasic when comparing
the mastoid to the vertex, while the later waves are
homophasic. Thus, a change in reference from a mastoid to a
nor-cephalic, or neutral BER site should result in aamplitude
decreases (and possibly latency changes) in the early waves,
witﬁ the opposité effect in the later waves.,

In the present study, using a seventh-cerviéal process
reference, the V¥ derivation did give a larger potehtial,

however, this occurred for all waves otgg;rthap P11, 1In

general, for bocth the waveform amplitudes (amplitudes based on
zerc voltage a*« T1) and the péak-to-troﬁgh absolute amplitudes,

V¥ resulted in an overall larger waveform. Why do the present

f

[ S,



data not show *he same Pl shift in alplifuéé g;”sﬁé;hrbf
Terkildsen et al,, and Allen aand Starr? In both the above
studies, monaural stiguli were usedv(aOOO Hz +<one pips in the
Terkildsen et al., study with no information as to direction of
ini<ial transdﬁcef éiaphrdgl aoveaent; and, rarefactioh 10 usec
clicks in the Allen and S=arcr Study), uhereas‘binaural stimuli
vere used in the present study. Although the definitive 7
experiment comparing acnaural and pinaural s;iauliAas tpey
effect P! has not beer done, iz aay be that the opposite
polarity potential produced at the contralateral amastoid (;s
compared to the ipsilateral mastocid), shown in Pigure 33 and
also teported by Picton e= al. (13974) , may have resulted in a
reduc<ion of amplitude at the amastoid. If one can assume the
heterophasic properties suggested by Terkildsen et al, then thé
proposed cancellation effact of the binaurally produced mastoid
pd:ential as seen by =ne diiferencial amplifier uohld result in
a Snalle: P1 wﬁen ccapar2d wita ipsilateral mornaural

birnaural evoked potential with a

ot
(8]
®

stimulation, 1In =2ffac

o

’
pas<toid reference weculd aore closely reseable the poteptial
reccrded #ith a2 non-cephalic reference than the equivalent

aozaural coapacis»z. On the other hand, the neck reference

®
Ly
®

site used by Terkilds - al, =iy no:t have been a coapletely
aeu+=ral site. (as suoggested by Allen apd Starr with monkeys) and
B2y have resul+ted ina a pcwential (as sa@en by the differential

amplifier) <tha+< may aave decreasei <he early potential recorded



5

at the vertex., The conclusion reached is that VN results in an

overall larger waveform as compared to VM, which indicates a

homophasic pattern for all waves at both the vertex and nasfoid

as compared Hiih the nén-cephalic'site vhen binaﬁral stimuli
are presented. 7

The latency seffects pf these two électrode derivations
indicate an inportaht %eaturé:, laf%ncies fof éz and T2 afgfrr
significantly shor*ter for #u than Vﬁifor.raw latency measures,
and become nonsignificant when the létency of T1 is subtractegd.
This gives sdpport to the suggestion (Picton et al., 1974) thag
*he P2 generator source mimics abtransverse horizontal dipole.
In additior, ther2 is an indicatibﬁ that the two trouéhs do
reflect CAS infﬁtgqtion processing suggesting the need to

include both peakfand trough neésurements in all BER studies.

B, Binaural #s Combined Mornaural Stimulation

The comparison of binaural evoked iesponses with combined
equivalent monaural evoked reséonsés was expected to indicate
the pfesence ¢f binaural inta:actionreffects., As stated
previousiy, a decreaséd aaplitude at any peak in the BI

condition; as compared with the MON condition, would be taken ~

as an indication of binaural interaction within the generator
source. For amplitude data, the results are not as definitive
as expected., Other than the zero baseline differences at .P4,

bo-h aaplizude analyses show the same peak significances (i.e.,

Ak i . e



originates from-the SOC, However,,since ihe mean difference
shown by P2 and é3 f9r Zero Baseline dat? are essentially the
same, it may’also be tPat a greater variation in responding is
:;houh by P3, resulting in smaller F'é; Speculation must stop at
this point since implying that‘P2 reflects SOC invplvement is
at'oddé uitﬁipast cqrrelationai'studies{fahd, to sdggest that CN
binaural proces§ing has been Shown isva%’oddsiwithréinQIe unit
studies, This must be viewed wifh caution, The Pl'diffefencés
are onlf's;ightly greater thén thé minumum cutqff ofEO.Od uVOIts'
and may reflect more T1 functioning than P1 functioning. :No
reasonabie explanation for this effect can be given at this time,
and must wait until replication has been shown. Conclusions
based on the amplitude differences resulting from the BI/MON
conditions suggest that there is both an eariy binaﬁrally gcting
component (possibly tﬁe SOC)—and a later éomponént (PS - possibly
reflecting IC involvement). The difference between zero baseline
data and peak-to-trough data for Py méy indicate that the T3/P4
difference is not the critical measﬁreifor'Pu. A second
possibilitf ;s that the BER waveform is the result of two
overlapping'compgnents. One results in the BER slow wave (i.e.,
a wave with greatest positivity in the Ph-PS rangef and the other
in fast activity resulting in the six peak/trough discursions
Jriding qﬁ the slow uavefo:m. If both components result in an

increase in the P4 range, whether these increases



are significant or not for the "SLow vavé; the coincidental
algegraic summation of the two may have resulted in the zero
baseline ampli*uds éhouinq significance, The Derivation x
‘BI/MON x Phase interaction suggests that the P4 difference for
!él/ubu is the resul* of the rarefaction click stimulus . o
presénted to the riéht ear. This suggests (as discussed in.C
below) that a basic difference exists between the ears in the

coding of differences in.phase.

*

The latency effects are of partiCular-inferest: since the
significantly shorier latencies seen at PS5 and T5 for BI raw
latency data are also present_for derived laténcy data, support
is given to Hallman's (1377) finding that the\Beaks and troughs
are not simply relay stations of end organ coding, but also
represent CAS information processing. Since Pigures 19 and 20
do not show a progressive decrease in latency for BI in the
peaks and troughs preceeding PS5, the differ;nce is not simply
an accuhulation effect; that is, it is not the result of nuclei
reaching threshold progressively sooner along the CAS as a
result of greater BI input. Therefore, it must be concluded
that P5 and T5 represent binaural coding resulting in a
specific latency decrease, concomitant .with +the decreased
;anplitude atVPS wvhen compared with MON, In addition, since

significance was not obtained fotﬁPi;ffimaifEZ, this may be an

il

indication of differemtial binaural information coding of the

early bipaurally acting component as compared with thg/{ater

’m:ae«am,maﬁmm.,..M.{. Bk
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component. Stotler (1353) has shown NSO éel}s to have T WO w
large deﬁdrifgs that ex*end horizontally in opposite‘direction.
Contralateral CN inputs-terminate on the medial dendrizes,
‘while ipsilatgral CN inputs terminate on-the lateral dendrites..
Galambos et al, (1353) shoved that stimulation of one ear

resulted in MSO potential fields of opposite polarity when

-

compared to stimulation of +he opposite ear. These two  —
findianjlay pfoviﬁe é reascnable explanation for the

differential BI/MON response of T1-P2 and P5., If the NSO - -
neuronsrare involved in a form of divergence, rathefithan
corvergence, along the line of Jeffress's place iheofy for
lateralizations; it may be that a greater variety of neurons are
involved in BI stimulation. The resul* should be éreater BI/

" amplitude with no particular decrease in latency. However,
since any MSO neurons binaurally innervated would result in

potential fields that *end to cancel, one may postulate a v

decrease in recorded BI voltage.

C. Phase -

Phase vas expected 1o result in a function that Hbuld be
relatively ccnstant over =he fizst four or five peaks and
troughs, This was sgpported by the relatively linear igro
baseline amplitude functions, and the lack of derived lateamcy
changes (other thanm P3). Since P2 is the first wave showing

significance for the zero baselire amplitude phenomena, in
- \ - .

o
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terms of classical B2ER research, the CN is the first nucleus
that is 1likely to oe specificall} involved. However, since
biraural iﬁteraction at this level can occur orly via two
sycaptic delays fros the opposite CN, it is doubtful whether
~he tiaze factor is great =2nough %0 be accounted for by this OCB

inpuv; in addi<ion, this type gf binaura; ip?e;a;;ioﬁﬁyégmnq?”
been shown in humans (Gulick, 1371). Thus, the effect is
likely the resul:t of ccding at the cochlea. Since the effect
appears relative}f lig=ar dver all peaks and troughs, alomng
with the results of <ze BI/MON comparisons for P4 discussed
above, it iay be that %the CAS ;s corprised of an inférlation
processing dualizy: cne systenm encodes the tile and intensitg
componerts of auditory s+timuli and “ransmits tinis information
relatively unchapged =2 *he cortex; and, a second systea
further processes *hese neural transniséious to extract
information pé;;aining <o scund location in space, 1In
addi«ion, a second &uali%y is suggested (similar to that of
Coats and Martia, 1377) by “he different phase function for
peak-to~£}pngh aaplitude data and the lack of any phase latency
effects (;han comparing raw latency with derived latency).

This is based on the hypothesis that if the zero baseline

aapiitude phase effects vere peak/trough specific, no  —— e

difference should have occurred betveen zero baseline amplitude

4

and peak~tc-%trough asplitude functions, and the latency

zeasures should have -ended toward shorter latency for waves



showing greater amplitudes (a known BER phenomenon). The
problea is that the amplitufde differences may have been too

smzll to result in a significantlchange in latency. However,

~ the implication is that one systea results in the fast peak and-

‘#rough actimitz, wvhile ihe second results in a4slow vave
component that algebraically summates with the fast activity to
produce the BER., The two are not llkely to be mutually
XC uéive; since the summating properties of the a#eraging
tefhnique does noz a;low'the separétion of the two different

“s

- dincidental evoked pcientials” this is still an open question,
At odds with the suggestion for the BI/BéH conditions, the
T3/P4 differences are significant for the phase conditioums.
Trhis again.suggests  either overlapping contributions to the BER
peaks and +rougas, 6: the differenr contribution of subunits
vithirno specific nuclei,

The zero baseline anplitudelphase effects, in general,
shev a lefr/right difference in the coding of the séecific
rarefaction and condensation stimuli used -- a totally
unexpected and intriguing finding. The function is such that a
significant R/C dffference for the right ear with the left ear
held constant is showc as §'§elativé increase in peak/trough

posizivity for ®, PFor the left ear, with the right ear held

cornstant, tihis same Jifference results in a non-significant

~rend in =he opposi<e direction. Pigures 37 and 38 (the

fuactions for 74 2nd V¥ plotted spearately) indicate the sane
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general trend for both derivatiohs, with VN showing a larger
difference thgn VM, similar to that discussed above, What this
implies (necessarily tentative until Supporfed by replication)
is th;t'a basic difference exists in the coding and |
transmission of audito&y signals at initial CAS nuclei, or
poséib;y the cochlea, between the right and left ears. One
must be careful hot to extrap;late beyond_the~data since the
differences are small. It is also %mgortant to consider why
they have been shoun in this szu&;»;;é nBt‘others. The
possible reasons are three-fold: a) ;his'is thé first study
that set out to investigate the binaural properties of R and C
stimuli, All past studies have either used monaural
stimulation,.or a comparison betueen'monaural and binaurai.
stimulation; 'b) amplitude determination of the peaﬁs iz a éery
heterogeneous pfocess acrosé studies (a;rdiscussed in the
‘introduction). The author is not presentlyraiare of any other
study_thatfﬁéeq/ff‘as an arbitrary zéro voltage point (Picton
and Hillyafd;/197u, used a midpoint bétwéen T1 and T2 but did
not.%esi for right/léft'differences). Although it is difficult
to ;ee hovw this would result.in the present finding, further
-experimenfation comparing different amplitude determining
procedures is indicated; and, c) thiswstndxgﬁsesmagunique» e
aethod to plot minor amplitude differengés,acr9§§ peaks and o

troughs, resulting in a uaveforg in vhich the peaks and troughs

can be easily compared for relative amplitude changes.



It is difficult to speculate on the meaning of these
differencés since anatomical, neqrochemical and depth
electrophysical research have 2ither assumed bilateral CAS
equality or ha;é simply not looked for differences. It’is
’iprobable that all CNS bilateral systems are divergent at sonme
level, howevér, findings that suggest a divergence in the‘Samef‘
direction acrossrs&bﬂeetsrpoints to fundamental différences &nd—:f e
requires further study. The function (if any) and cause of
this right/lefz difference remains obscure,

The peak—to-irough amplitude functions show clearly
(whethgr th%\right or left ear is held constant) that a changer
- from an R‘to‘h C stimulus results in smaller relative
amplitudes, similar to the zero béseline data.~ Again, this
\>Squests a basic coding difference in at least P2, P3 and Pd
‘generator sources. What is of iﬁ%érest is the approximate
coincidence of all ggur conditions at T3/P3; it may be that
this is evidence that the finding of SOC differential phase
coding (Galambos et al., 1959)7is also represented in the BER.
One would have to assume tﬁat the pool of neurons in the two
MSO nuclei resultrin binaural potential waveforms that tend to
cancel wher recorded a* the vertei. In addition, a difference
is shown between T2/P3 and P3/T3 measures, again giving support
+o the contenticn that BER troughs do fébreséﬁt‘additory

X R

informatiorn processing.
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The phase latency effects for rawvw latency do mot show up -

for derived latency. This suggests, if one‘assumes that

derived latencies represent only neural CAS processing (i.e.,
higher nuclei in the CAS), that these significénces are a
reflection of end organ or'eighth nerVeAprocessiné, and not
»additional information processing ét these nuclei. 1In essence

the lack of latency differences support the expectation of no

diffgrence between RC and CR. However, theilack of RR/CC

differences would suggest that the latency effects described in
the literature either are cancelled by binaural potential
fields, or the particular sample of subjects did not fall into

the population of individuals that show phase effects (Ornitz

and Walter, 1375, 1376).

D. Delta I and Delta T

The Delta I and Delta T waveforms suggest a number of

possibilities:

2) sinCe Delta I did not result in observable latency
differences betweéé BI and MON, it is probable that the
known latency shifts for deéreases in stimulus intensity

"are bilaterally equal within the CAS. With the particular
averaging procedure used, these would then cancel;. |

b) since Delta I d4id resul% overall in a more .positive

vaveform for MON, with the specific peak-to-trough larger

L
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differences fpr BI at P3/T3, Pu/f3 and P5/T5, it is
possible that i) the slow wave component reported in the
literature is more a function ofrmonaural than of binaural
stimulation and ii) <=he finding (and expectaticn) of
lowered amplitudes for binaurally active nuclei (as they
are represented in the literature) does not hold when the.
stimulué intensities are not equal; A possible hybéthesis
is that, if we assume monaural clicks of 65 dB result in
the activation of more than half of a common left/right
neuronal population, it is clear that the algebraic
summétion of two evoked monaﬁ?al'BER waves will result in
amplitudes in excess of that evoked by binaural
stimulation. 1If the parameters are then changed so one of
the clicks has an intensity considerably below the other
such that the algebraic summation of the two results in a
BER amplitude less than thé maximum possible, it is
probable that binaural stimulation with these different
intensities will result in greater BER amplitddes; This
would occur simply bscause a greatet number of coincident
impulses would impinge on specific nuclei during binaural
stimulation, thus resulting ir greater numbers of

post-synaptic neurons ;eaching threshpld;r
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c) since Delta T resultedain decreased amplitﬁdééﬂégrp3/£§ﬂ
and P5/75 for BI, additiénal support is given to ﬁhe
.original h}pothesis, ~hat the generatcrs of these
potentials (i.e., SOC and IC) are involved in binaural

processing.

These two paradigms should be prime candidates for future

research.



SUMMARY

This study set ou: %o deteraine <he éifent of CAS binaurai
processing represeantation ir the BER, 'Ciear evidence for
biraural ceoding a-< aﬁ§earif and 3 laf;r éERigenetator SOouUIrce Lo
vas shown. .In addi+tior, suppor: Has‘providédffor the
following:
a) a eiteration of the BER active pature of iéstoid

"referenca" sites;

21 3]

b) tre miamickirng of dipole configuratiohs by PZ{u 

c) a,;arger overall §ertex/non-cephalic'uaveforn; as'cénédred
¥vith a vertex/aastoid vaveforn, sugéesting that allfBéR
waves are komophaasic az ;he vertei and mastoid; |

d) active CAS processing represented in some BER troughs;

€) BEER representation of a duzl CAS inforeation pfécessing

V 'systel -- one invoiving peripherail cédinq, and a second
irvolving certral decodirng and encoding for locéi;;ation;

f) phase-coding as an end-organ process;

g) a righ+/left differeance in)the coding’and transniSsion of
irforaation concerning phase; e ’ | B . : _

k} possibility of oilaéé:ali? egual BER iﬁtéﬁéii}{laténéfﬂ

functiors; ard, ' ’ v ~



1) pOssibii@ti'that the BER "slow wave" is a monaural .

phenomenon. .«

one final note: the most pressing need in BER Tesearch at
present is a éonp:ehengive study of the effects of all |
combinations of stinuluérand';ecording_parameters. Without
knowledge abou: the extent of alteration thes; produceuin |
recorded BERs, comparisons across studiesﬁis'diffiCﬂit,~aqd-*
corclusions reached in specific research must be,tentative at
bé;t. It is apparent that ifrone'is\tg use the'BER‘in clinical
settings, comparative vaveforas from'normal andApathplog£§al
groups must be developed within the particular setiing;and not

from the literature.

/
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o 'APPENDIX x
'DIRECTIONS FOR PEAK AND TROUGH DETERMINATION
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" waveforas will give you the clue you are looking for. 1In these
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)

”§E€”f6115;iﬁ§4zéwihéfprocedﬁ}éﬂﬁséd by éhe author and the
raters for deteélining peaks and troughs. An average waveform
(composite) of all subjects across all conditions, and an average
vaveform of eachlggbject across all conditions, were used. It is
interesting to note that five oﬁt of the six raters failed to'hﬁg

{¢) under "Procedure to be used" below.

-

’ w )
Your task will be *o dé+ermine the six peaks 62) and five

— i
troughs (T) as illustrated on your mastaer composite. The task

reguires two stepsf a) to determine the peaks and troughs on the

subject composites from <+he master composite; and, b) to
determine the peaks and troughs or the raw wavefcrms using the
appropriate subject composite,

¥henever you canunot deteraine the peak or trough after

comparing the subfect composite or -“he other waveforms from

the particular snbje;t, refer to the rules listed below. Once

yo% have detersined the point at which a peak or trough
occdrs, draw a fine vertical lire through that point.

Occationally neither the composite nor referring to cther

cases, use the rules arcd search for any change in the wavefora

.that is MOST CONSISTENT with the compcsite and other waveforas.
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Prccedure to be used:
,a) form a gestalt -- that is, get a feeling for where the\'
peaks and troughs are for the two subject waveforas,
by make a grogs determinatioh of wher2 you think the peak or
trough is and draw an arrow to that peak or trough.
c} go throughlthe waveforas with the appropfiate composite
to ensure that the p2ak or trough picked is correct and
consistenz,
4d) chegk a final time, this time making.é fire vertical line
though the'point wheére you think the peak or trough is.
_When you make the final determination of where the line
should be Qravn, it Is important to pay strict attention to the
rules, suchk as whether the leading or following corner of a peak
¢r trough should be chosen,
fgr c¢kanges in slope, use’'a ruler to deteraine the most
acrizontal segaent. Draw a fine line along that segment and,
referring To tke rules, pi;k the most leading or following point
(see Figure 33, aj}.,
D-finizion:l a change cof élope is considered a changé in the
descenging OF ascendin§ liabs 9f the waveform that |

approximaze a peak c¢r trough but does not\?ctually fore one

{see Pigare 33, b}{



ROLES

1)

<)

3)
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If a peak is more like a plateau than a point:

a)

b}

Peak .One (P1y =-- if omne corner'is higher than _the other,
choose the corner most consistent with the subject
composite, If <he coamapcsite appears Qidway between the
corners and reference to other waveforas by this subject
does no* delineate a par=icular corner, choose the corner
cl&sgs: o =rough ore (see Piqgure 39, c).

Peaks Two, Thr=e and Pour (P2, P3,Aand P4y -- cﬁoose the
highest level immsdiately folloving the preceeding trough

({see Pigure 33, ﬁ).

c) Peaks rive and Six (P5 and P6) =-- choose the highest
level iamsediately preceeding tae following trough :
(see Piguce 33, e}.

If 2 peak has a rcunied, rather than a shacrp point: =--

choose the highest point cicsest <o the appropriate trough.

I£ a trough is =more 1ike a pla*eau than a point:

N

D)

(see Figuze 33, f).

<

Tzough Pive (I5) =-- choose the lowest point closest to P5S

Trcugh Six (T6) =-- choose the iowest point closest to P6

g

all other <roughs =-- chocse the lowes:t point closest to

the preceading peik,
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Peak Oﬁe (1) --yif a peak appears more thar 200 usec
froe the subject compésite, and there is a change
of slope *ha* is mors consistent with the composite, ghoose
+he change of slore (see Figure 39, g). \f:i{
¥henever a change c¢f slope occurs on a descending orK )
ascending liab, rather than a distinct peak orltrough:
aj for ascending changes of slope (p2aks) -- the peak is

considered +he first point at which the slope is closest

to a horizontal position (see Figure 33, h)-.

'b) for asceriing changes of slope (troughs) -- the trough is

considered the las:t point at which the slope is closest
t0 a hercizontal position (see Fiqure 33, i),

c) for descending changes of slope (p=2aks) =-- the peak is
considered tha last point at which thé slope is closest
to 2 ho:izontél position (see Figure 33, j}.

é) io: descending changes of slope (}touqhs) -- the trough
is considered the first point at which the slope is
closest <0 a Lhorizontal position (see Figure 39, k}.

Waepever :three peaks (or peaks and changes of slopé) occur

in the P4-P5 range:

a)'zf only one peak appears in this’ranqe but a change of
sloﬁe accurs on both sides (and'these are consistent with

+he subjec* composite), choose the changes of slope and

diiii%a:a the peak ({see Figure 33, 1).
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b) if two peaks and an ascending change ¢f slope occurs, if
the change of slope is more consistent with P4 of the
subject coaposite, choose the change of slope as P4 and
disregard the following peak

)" if three'equal‘peaks occur and the first .has been
deternined P4, the middle peak and related troughs will

- be disregarded (see Figqure 39, ﬁ).

7) If a change of slcpe occurs af*er P5 and after the
descending limb has reached the level of T3 or lower, the

changeiof slope will be ggnsidered TS (see FPigure 33, n).

8) If tvo or nore peaks occur between TSJand T6, the peak
immediately preceeding T6 will be considered P6 (see
Figure 33, o).

9) If P6 approximates a plateau but with one corner slightly
higher than the c<her, choose the corner closest to T6
(see Pigure 33, p).

10) If the descending limb immediately preceeding T6 has a
clearly discernable change of slope, this change will be
considered P6 (see Figqure 39, q).

As a guide, use the following sch;matic to help deteraine

whether the leadi or following cormer of a péak cr trough
2

should be chog\n/(see Pigure 33, 1),
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FIGURE 33
ILLUSTRATIONS FOR '
PERX DETERMINATING PROCEDURE

R)

8)
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FIGURE 33. CONTINUED
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FIGURE 39 CONTINUED
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FIGURE 39 CONTINUED
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FIGURE 39 CONTINUED
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FIGURE 39 CONTINUED
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FIGURE 39 CONTINUED
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APPENDIX B
ANOVA TABLES POR RAW LATENCY DATA

Por all following tables:
A DERIVATION
B BI/HON
o PHASE

noawou
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e

: ~
"~ P! RAW LATENCIES >
Mean. Squére ‘ F - - Probability
0-05 0.07 - 0.788
0066 ’ )
1.65 , 7.14 0.015
0,23
0.01 * 0.01 . 0.928
0.37 -
0.14 0.37 0.776
0.39 : -
0.62 2,93 0.041
0.21 ‘
0.11 0.31 0.815
0-36 -
T0.27 . : S
~
' ()
. .

_Z._;r »
-



Source

Error

Error

AXB
Brror

-Error

AXC

Brror -

‘BxC
Error

AXBXC-
Error
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T1 RAN LATENCIES

af " Mean Square F
1 2.77 - 4,23
19 - 0,65 . {
1 0.88 S\ 1.92
19 ’* 0.46 N
1 0.06 0.17
19 0.33 |
3 3.18 4,15
57 0.77
3 0.23 1.28
57 0. 18
3 0.28 1.01
57 0.28
3- 0.13 0.85
57 \ 0- ‘5 1
.
S

Probability

.0.054
S 0.182
0.683

. 0,010

/

2.921
0.394

~0.471




Source

A -
?Error

B

Error
AXB
Error

o
Error

AxC
. Error

“BxC

Error

AxBxC
Error

182

P2 RAW LATENCIES

Mean Squaré

f1.44

0.26 -

,,,,mﬁ%ngj;

0,45

0.49
0.28

.07
0.54

0.10
0.12

0.26
0. 11

0.36

0.12

F Probabili;j ’
;;gu.3o < 0.001
0,63 ',0.417~‘;‘4
1.73 0.204
2,00 6.1@5
0.83 - 0.u84
2.31 0.086
0,47 0.702



Scurce
“ A
E;ror~
Error

AXB
Error

Error

AxC
Error

BxC
Error -

AxBxC
Error

T2 RAW LATENCIES

- .af " Mean Square

1 12,11
19 0.28
RE “ 0003
13 0.58

1 1.21
19 0.19
3 ’ 0.76
57 b1.17

3 | e.18
57 0.14
'3 ' 0.34
57 0.31

3 0.04
57 : 0.21

F Probability

S

0.06 0.814

6.31 0.021

0.65 0.588
1.30 .~ 0.284

1,11 0.352

0.17 0.316

~



Source

a

Error

B
Error

AXB
Error

C
Error

AxC
Errorx

BxC
Error

AxBxC
Error

184

CE

P3 RAWN LATENCIES

¥ean Sqguare

3,10
(0.13

0.53
0.76

0.20
6.10

0.85
0.49

0.03

0.10 __~°

0.53
0.21

0.22
0.09

——

F
21.18
0.70
1.35
tA

1.74

Probability

< 0.000

0.414
0.179
0.170 .
0.826

0.070

0.075 ¢



Source

A
Error

B
Error

‘AXB
Error
C
Error

AxC
Error-

BxC
Error.

AxBxC
Error

Mean Sqguare

‘T3 RAW LATENCIES

1.31

1§5~77w
P Probability.
4,55 ' 0.046
0.713  o.s03
1.15 d.29§¢:
1.53‘ 0.184
1.69 0.178
2,22 0.096
0.279



Source
A
Error

B
Error

AxB
Error

C
Error

AxC
Error

BxC
Error

AXBXC
Brror

. " Mean Squate

L)

1. 25

0.26

0.42
0.65

0.07

0,10

1.58
0.45

0.46

0. 11

8
4

[eNe] [eN o]
L]
-— O [ SN =)
w N

186

RQ RAW LATENCIES

0.33

0.15

Probabilitg
0.041

0.;;2
0.“08-
0.022
0.010

0.803

0.327



Source
Error

Error

AXB
Error

Error

AxC
Error

BxC
Error

AxBxC'
Error

P5 RAW LATENCIES

Meéan Square

0.01
0.30
8.47
0.70

0.07
0.23

0.31
0.37

0.01.
0.11

0.02
0.18

0.42
0.13

Probability
0.896

0.003

0.575
0,479
0.964
0.956

0.030

%4

eaovin ekl




Sounrce

A
Error-

B
Error
AXB
Error

C
Error

AXC
Error

BxC
Error

AxBxC
" Brror

T5

Mean Square

o

3.25
0.28

6.03

113

0.01
0.46

RAW LATENCIES

F

11.75
14.29

0.02

0.43
0.30

1.05

Probability

0.003

0.001

0.887
- 0.010
0.731

0.448

0.379



P6 RAW LATENCIES (\

Source af Mean Square F Probability
S Y 1 0.05 © 0417 0.684
Error }8‘\ 0,27 '
B 1 | 6.15 3.30 0.086 ~
Error =~ 18 - 1.87 S e -
AXB 1 0,15 0.48  0.436
Error 18 0,31
c -3 4,62 619 0.001
Error 54 . 0,75
AXC 3 0.06 0.21 o.ssg'
Error 54 0.30 ‘
BxC 3 - 0.41 0.82 0.486
Error 54 ¢.43 ‘ o
AXBxC 3 - 0.18 : 0.79 0.506
Exrror 54 0.23 -
<



~

Source

A
Error

B

Error

AXB
Error

.
Error
AXC
Error

BxC
Error-

AxBxC
Error

\

130

,"

T6 RAW LATENCIES

Mean Sqﬂa;e' : F | Probability
0.00 : 0.01 . 0.928
0039 ) ' -

0.01 _0.01 0,918
0068 ) 3

- 0.84 1.72 0.207
0.43
1.96 1.54 - ' 0.214
1.27 .
0.05 0.16 0.325
0.30
0.26 0.39 0.760
0.68 7

1 0.10 0.33 0.805
0.30 :

o
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APPENDIX C

ANOVA TABLES FOR DERIVED LATEHS}/DATA

Por all following tables:
A DERIVATION

BI/MON

PHASE

nowou

E
C



v 192,
P2 DERIVED LATENCIES
Source af '._’aean(Squaref P Probability"
» o - ' &
A 1- 2,35 3,57 - 0.074
Error 19 0.83 -
B I 0. 14 0.23 0.598 .
BError 13 0,50 N
- axB 1 0.88 1,42 0.247
BError 19 0.62 .
c 3 2,13 2.33 0.084
Error 57 0.32
AXC -3 0.53 2.07 0.114
Error 57 0.25 *
BxC 3 0.25 0.78 . 0.511 -
Brror 57 0.32
AXBxC 3 0.29 1.40 0.252
Error 57 0,21 -

Y




T2 DERIVED LATENCIES

Source - af , % W%_n Square | F Probability

A | 3.30 3,91 0.063
Error 13 - . .0.84, : h

B 1 125 2,78 0.112 ,
Error 13 . . _ .0.45 e
AXB o 0.75 1.7 0.207
Error 13 0.84 _ '

c 3 1,647 2,02 0.121
Error 57 - 0.73

AXC "3 0.00 0.01 '0.938
Brror \ 57 - i .31 :

BxC 3 _ 0.02 0.03 0,931

»~iFror 57 0.47 ;’

AXBXC 3 0.10 0.23 - 0.833
ErrTor 5% R 0.34




Source

A
Error

. B
Error
AxB
E:IOI
C
nr

‘ifyor

AxC
Error

BxC
Brror
AxSxC
Error

P3 DERIVED
Mean Square

0.01
0.56

2+717
0.63

LATENCIES

'Probébilify

0.837

~ 0,050

0.743

< 0,000

0.274

0.489

0.040



— ‘
~ "7 s
’ “T3. DERIVED i.wzncixts,u |
Source 4f . ueah Square. - F
A 1 0.08 0.04
‘Error 19 : 1.75 _
B it 0,20 0.41
Error 19 0.43 - .
AXB 1 0.75 0.85
Error 19 0.88
C 3 0.53 0.84
Error 57 0.63
AxC 3 0.64 2.18
Error 57 0.23
BxC 3 0.13 0.30
Error 57 0.43
AxBxC 3 0,43 . 1361
Error 57 0.36 . i
Y

Probability

10.835
0.530
0.367

;b.u77A

\\f.101
0.829

0.264

e b e e




. e -
N:—»

Source
A

Error
B

Error

AxB
Error

C
Error

AxC
Error

BxC
Error

AXBxC
Error

P4 DERIVED LATENCIES

Mean Square

0.40
” J.,Q‘I

3,17

0.21
0.34

2,34
127

0.87
0,33

"0.43
0.23

0.18
0.34

F o

- 0,37

3.55

0.61

1.84

2.65

1.47

Probdbility

0.543.
0.077 -
0.445
0,152
0,059

10.233

0.657



Source

) a
Error

B
Error

AxB
Error

C
Error

AxC
Error

BxC
Brror

AxBxC
Error

P5 DERIVED LATENCIES

Mean Square

3.26
0.45

15.43
0.30

0.01
0.56

3,42

1.27
0.17

0.25

0.18

0.67
0.57

_F
7.20

17. 11

0.01

Probability

0.015
0.001
0.910
0.055
0.533
0.759

0.115



i

Source

A
. Brrer

B
Error

AxB

. Brror

> -

C

Error

AxC
Brror

BxC
Error

AXBXC
Brror

h
T5 DERIVED LATENCIES
Mean Square . F frobability
0.02 < 0.03. 0.861
0.62 : S
24,48 - 13.21 0,002
1.85 -
0.64 J
0.75 0.60 0,618
1‘-25 : o s
0.36 1,220, 0.310
0.29
1,10 1.73 0.172
0.63
0.49 1.82 0.154
0.27



)

Source
Error

Error

AXB,
Error

Error

AxC
Error

BxC
Error

AxBxC
Error

-

P6 DERIVED LATENCIES

Mean Squaré

4,20
1 0.83

12,34
- 2.36

~0.92

- 0u55

2,72
- 1.70

N =

1.66

1.60

1.38

0.93

Probability

0.038
0.035
0.213
0.201
0.590
0.260

0.433



&
T6 DERIVED LATENCIES

‘Source .af Mean Square A = F - Probability

A 1 3,58 4.60 0.0446
"Error 18 - 0.78 : o a

B R 1.25 0.97 0.338
Error 18 ' 1.23 ' -

- &xB 1o~ 2,22 2.65 - 0.121
~ Brror . . 18 ' 0.8t ’ :

C 3 4,67 1,97 0,129
Error - 54 2.37 : .

AXC 3 0,12 0.28 0.837
Error . 54 0.41 ‘

BxC 3 0.03 0.04 0.991
BError 54 0.80 d v
AxBxC 3 0.44 1,641 0.250
Error 54 0.31 :

-

.{+



APPENDIX D
ANOVA TABLES POR ZERO BASELINE

‘For all following table‘s_:

A = DERIVATION
B = BI/MON
C = PHASE

DATA



Source

- A
Error

B
Error

Ax B
Error

C
Error

-AxC
Error

BxC
Error

AxBxC
Error

P1 ZERO BASELINE AMPLITUDES

Mean Square

72.20
30,09

88.20
11.37

13.20
14.63
51.38
39.11

47.30
9'76

30.30
13.53

F

2. 40

7.75

0.30

1.58

0.77

Prébability

04138
0.012
0.354
0.273
0.005

- 0.204

0.516



P2 ZERO BASELINE AMPLITUDES

Source af Mean Square P PfObability )
a 1 .3028.87 - 67.u49 < 0.001
Error 19 44,88 ‘ .
B 1 620.22 7.53 0.013
Error 19 82,36 -
AxB 1 10.69 0.36 0.557
Error 19 : 29.93
c 3 533.60 8.43 < 0.001
Error 57 70.39
AxC 3 32.82 1.38 0.259
Error 57 ' 23.84 ' ’ o
BxC 3 ' 25.61 1.37 0.262
Error 57 , 18.72 ,
AXBxXC 3 15,41 0.95 0.420
Error . 57 16. 14 -



Source

© A
Error

B
Error

AxB
Error

C
Error
AxC
Error

BxC
Error

AxBxC
Error

T2

ZERO BASELINE AMPLITUDES
~Mean Square ’F
1597.58 , 28.36
56,32
183.11 3.40
’55- 63 T
4,05 . 0.14
28.47
1023.11 - 6.47
151.72 7 |
42,05 ' 1.12
37.51 '
17.938 0.67
26,76
20.99 : 1.65

12,76

Probability

< 0.001"-

0.710

0.001

0.348

- 0,573

0.189



Source

A
Error

B
Error

AXB
Error

C
Error

AxC

. Error

BxC
Error

AxBxC

- Error

B

P3

ZERQ BASELINE AMPLITUDES
Mean Squafe

2743.65

- 613,27

-96.86

f
23.65
138,42

2569.31

322,56

Y

209.59
- 62,50

42,59
32.30

63.87
23.32

F.

- 44,57

6.33 .

- 0.62
7.37
13,35
1.23

2,67

Pfobabilityr

< 0.001

.~ 0.021

0.442
< 0.001

0.025.

0.235

0.056



73

C o

ZERO BASELINE ANPLITUDES

Mean Square

507. 53
54,37

332. 11
76.52

27.61
39.57

2491,62

; 303;25

286.88
84.54

84,81
52,12

" 50,89
14,60

0,021

206
‘ F Probability
9.23 0.007
4.34 0.051
0.70 . 0.4ty
6.18 0.001
3;33 o.ozzk“
1.63 0.193
- 3.43



Source

Exror

Ercor

AxB
Error

Error

AxC
Error

BxC
Ezror

AxBxC
Error

P4 - ZERO BASELINE AMPLITODES

Mean Square F
. 4012.50 37.28
107.63
1132,35 : 12.48
35,52 .
108.78 . 3.68
23.54
5483.61 3,72
564,52
335,70 3,73
104,43
182,21 4,01
45.41
74,75 ’ 4,26
- %
\

L
J

~

Probability

<

0.001

0.003

A
A8

\\\-/J

<

L]

0.072
0.001
0.016
0.012

0.003



- Source

Y
Error

B
Error

AxB
Brror

C

Error

AxC
Errer

. BxC

Error

AxBxC

Error

P5

208

ZERO BASELINE ANPLITUDES

Mean Square I Probability

3009.50 . *78.30 < 0.001

1443,77 11.55 0.003
125,01 |
151. 35 5.13 0.036
29.52 :

4038.69 8.08 0.001
507.35 |
413. 30 3.67 0.018
112, 74 :
20.03 0.54 0.653
37,29

49,87 2.37 0.0881
21-06 -



N o ' 203

T5 ZERO BASELINE AMPLITUDES

Source af Mean Square F Probability
A 1 3292,82 37.78 < 0.001
Error 19 87.16
B 1 131,97 - 0.75 0.397 \>
Error 19 175, 65 '
AXB 1 11. 44 0.27 0.612
Error 19 42,37 . )
c 3 7027.33 9.27 < 0.001
Error 57 757.81
AxC 3 602,04 4.53 0.006
Error 57 132,97
 BxC 3 ' 36,99 ~ 0.83 0.485
Error 57 44,82
AXBxC 3 24,02 / 1.22 0.309
Error 57 13.61 : - “



Source
A
Error

B .
Error

AxB
Error

C
Error

AxC
Error

BxC
Error

AxBxC
Error

P6 ZERO BASELINE AMPLITUDES

Mean Square

351.03
31.62

t1.18
130.83

18.16
38.44

6331.04
6639.47

618.65
130.38

321. 14
78.41

24,17
24,34

_F

11.10

0.06

0.47

10.35

4.72

Probability

0.004
0.812

0.501



3
s “}’ .

*

iV - T6. ZERO. BASELINE AMPLITUDES

Source af . ' Mean Square F Probability
A - 1 “C 934,50 §§3.08 < 0.001
Error 18, ) 40,43 4

. B - t - 423,95 2.64 0.122
Error - 18 ) 160.85

AXB 1 " 70,12 | 1.86 0.189
Error . 18 37.68

C . 3 6512, 44 . 11.50 . < 0.001
Error - 54 ’566.ﬂ9 . ,

AxC 3 . 603,24 4,61 0.006
Error 54 132.17 i '

BxC 3 47,49 1.10 0.359
Error - 54 43.31 . . :
AXBXC 3 29.96 ‘ 0.55 . 0.651
Error : 54 18, 21

% o ' , 21



| APPENDIX E
ANOVA TABLES FOR PEAK-TO-TROUGH DATRA

For all following tables:

A = DERIVATION
B = BI/MON
C = PHASE



213

T‘i PEAK-;.'L‘O-TROUGH AMPLITUDES

Source df , Mean Square F Probability

A 1 ~+ 68,45 2,30 0.146
Error 19 29.78 . N

B B 92,45 8.35 0,009
Error . 19 11.07 .
AXB 1 11.63 0.81 0.3879
Error 19 14,32
Cc - 3 50.61 1.32 0.276
Error . - 57 38.23 .
AxC 3 46.83 4,76 - 0.005
Error - 57 3.84
) &

BxC , 3 28,391 1.49 0.226
Error 57 13.35 .

AxBxC 3 4,87 0.71 0.552
Error 57 6.89 ,



P2 PEAK-TO-TROUGH AMPLITUDES _- .

—

Source daf Mean Square F " Probability
A o 3053, 54  68.23 < 0.001 ’
Error 19 4q,11 » ‘
B -1 609,13 » 7.56 : 0.013
Error 19 80.62 : '
AXB R 9.28 0.33 0.578
Error 13 28,43 .
c 3 599,82 8.51 < 0:001
Error 57 70.45 :
AxC 3 32.13 1. 41 0.249
Error 57 22,73 , -
BxC : 3 25.81 1.42 0.246
Error 57 18,15
AXBxC 3 15,42 1,02 © 0.389
Error 57 15,05 -



AxC
Error

BxC
Error

- AXBxC
Error

T2

PEAR-TO~TROUGH AMPLITUDES

Mean Square

337.16
20.91

43.88
18.90

13.81
2. 31

233.16
57.30

0.32
15.12

19,231

\

I}

6.78
11,31

F

13.00

-

2.32

1.48

5.06

0.02

2.57

Probability

< 0,001

0.144

0.238

0.004

0.9396

0.063

0.618



Source

AxB
Error

Error

AxC
Error

BxC
Error

AxBxC
Error

P3 PEXK?TO-TROUGH AMPLITUDES

Mean Square F. Probability

257,40 15,29 0.001
16.83

56, 11 3.34 0.084
16,81
2. 11 0.44 0.514
14;77 ) ’

53,82 :

38,13 ©2.35 0.040
12.33

42,13 v 2.39 ' 0.0678
17,03 2. 14 0.105

= 7.97

216



a7

T3 PEAK-TO-TROUGH AMPLITUDES

Source af Mean Square F Probability

2 1 871.20 27.03 < 0,001
Error 13 32,23 :

B 1 23.65 0.43 0.494
Error 19 48.66

AxB 1 0.00 0.00 0.991
Error 139 20.29

c .3 18,24 0,28 0.842
Error 57 ) 66.08 ,

AxC 3 63.36 4. 34 0.008
Error 57 14,61

BxXC 3 29,84 0.31 0.440
Error 57 32.65 :
AxBxC 3 i 19.83 2.41 0.0676

IILor 57 ‘ 8,22



Py PEAK-TO-TROUGH AMPLITUDES

Source af Mean Square F - Probability
A 1 1820.06 - 37.10 < 0.001
Error 17 43,05 , :
B 1T 262.59 T 6457 0.020
Error 17 39.95 :
AxB R 49,17 1.64 0.218
Error 17 » 30.06
c 3 1099.90 C’/é.ss’ < 0.001
Error 51 128,59
AxC 3 77.739 5.06 ~0.004
Error . 51 15.36 : .
BxC 3 39.75 1.51 0.223
Error 51 26.33 :
KxBxC 3 15.48 . 1,92 0.138

Error 51 8.05



Source

A
Error

- B
EIIOI

AxB
Error

C
Error

AxC
Error.

BxC
Error

AxBxC
Error

T5 PEAK-TO-TROUGH AMPLITUDES

Mean Square

12546.72
124,74

9341.53
89.25

147,84
28.11

641,81
134.63

12.16
14,85

30.33

33.07
14.60

F

100,38

10.55

5,26

< 0.001
0.004
0.034
0.005
0.483

"0.783

0.031

Probability



W

Source

a
, ror

B
Error

AXB
Brror

Error

AxC
Error

BXC
Error

AxBxC
Error

P6

T 220
(\,
//'
PEAR-TO-TROUGH AMPLITUDES
Mean Square F Probability
1802.78 38.54 < 0.001.
u6-78 ’ : /,'
o - , Y )
4.33 0.04 0.836

111.86
13.15 0.60 0.443
31.38 7 7 .

151,37 ' 1.29 0.288

118.00
52,67 4.37 . 0.004
10.53

%

406,25 ‘ 8.28 < 0.001
10.391 , 0.66 0.581
16.54

,-} ¥



Source

A
Erreor

B
Errcr

Ax B
Error

Error

AxC
Brror

BxC
Error

AxExC
Error

76 PEAR-TO-TROUGH AMPLITODES

Mean Square P Probability
162.56 7.30 0.012
20,57 :
_ 210.06 6.00 . 0.Q2%
35.02
6.05
1”;31 N 0325 OU863
60.30
5.54 - 0,78 0.509
7.07 . . .
102,33 3.04 0.037
33.71 3 )
.
5,18 1.04 0,380
. u‘ 96 i



APPENDIX P

NEWMAN- KEULS STUDENTIZED TANGE TESTS FOR ZERO BASELINE DATA

For the followlng tables:

RR = Rarefactlon right; Rarefaction left
BC = Rarefaction right; Condensation left
CR = Condensation right; Rarefaction left
CC =

Consensation right; Condensation left



f .
PEAK TWO ZERO BASELINE PHASE DATA
Néwian-Keuis Studentized Range Test for
~ PHASE groups. :
cc=  RR= RC = Shortest
Sums : Significant
8736.48 9092.00 9037.04 Ranges
CR = 8662.00 134,48 - 430.00*%* 435,04*x* R2 = 214,62
cC = 8796.48 ~ 295.52%  300.56%*  R3 = 258.15
RR = 9092.00 - 5.04 . R4 = 284 .41

Note: df = 57; n per group = 80; MSe = 70,33

* = p < .05 ** =p < .07,



- o226
b
TROUGH TWO ZERO BASELINE PHASE DATaA
Newman-Keuls Studentized Range Test for
PHASE groups.,

, BR = cc = RC = Shortest
sums , Significant

8186.96 8228.48 8551.,52 Ranges
CR = 7852.00 334.96%* 376.u8%* 699,52%%* R2 = 315.09
RR = 8186.96 41.52 364.56 R3 = 378.933
CC = 8228.48 323.00 R4 = 417,55

Note: df = 57; n per group = B80; MSe = 151,72

* = p < .05; %% = p < .01,



225

PEAK THREE ZERQ BASELINE AMPLITUDES

Newmran-Keuls Studentized Range Test for
PHASE groups.,

CC = RR = RC = Shortest

sums Significant
8861.52 9439,52 9589.52 Ranges
CR = 8642,48 219,04 797.04%% 947,04%% . R2 = 459,43
CC = 8861.52 578.00%* 728.00%* R3 = 552.60
BR = 9439,52 150.00 R4 = 608,82
4
Note: d4f

* = p £ ,

= 57; n per group = 80; MSe = 322.56

05; ** = p < .01,



~
.‘TROUGH THREE ZERO BASELINE AMPLITUDES
Nevman-Keuls Studentized Range Test for
PHASE groups.
cc = RR = RC = Shortest
sums : Significant
7372.00 7869.04 8073.52 Ranges
CR = 7100.48 271.52 768.56%* 973,04*x* R2 = 5193.07
cC = 7372.00 437.04 701,52% R3 = 617.86
RR = 7869.04 204.48 R4 = 680.72
Note: 4Af

* = p <,

= 57; n per group = 80; MSe = 403.25

05; ** = p < ,01,

-



221

PEAK FOUR ZERO BASELINE AMPLITUDES

Newman-~Keuls Studentiied Rangs Test for
PHASE groups..

CCc = RR = RC = . Shortest
Sums ! . Significant
9073.92 10017.76 10151.36 Ranges
CR = 8731.12 342,80 1286,64%* 1420,24%* R2 =-607.82
cc = 9073.92 . 943.84% 1077.44%* R3 = 731.09
‘RR = = 805.47

10017.76 133.60 R4

Note: - df = 51; n per group = 80; MSe = 564,593

* = p < ,05; ** =p < ,01,
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PEAK FIVE ZERO BASELINE AMPLITUDES .

Newman-Keuls Studentized Range Test for
PHASE groups.

cCcC = - RR = RC = Shertest
Sums ' Significant
9160.56 9412.64 9926.88 Ranges
CR = 8513,12 647 .44% . 893,52%*% 1413, 76%* R2 = 576.19
cc = 9160.56 ) 252.08 766, 32% 'R3 = 693.04
RR = 9412.64 512,24 R4 = 763,55

Note: 4d4f = 5u;‘n-per group = 80; MSe = 507.35

¥* = p < ,05; ** = p < ,01,
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TROUGH FIVE ZERO BASELINE AMPLITUDES

Newman-Keuls Studentized Range Test for
PHASE dJroups.

cc = RR = RC = ) Shortest
sums Significant
5406,00 6352.48 6673.04 Ranges-
CR = 5033.04 306.36  1253.44%*¥ 1?7“;00** R2 = 704,15
CC = 5406.,00 7 U6, U8 . 1267,.04*x* R3 = 847.00
RR = 6352.48 320.56 R4 = 933,18
Note: df = 57; n per group = 80; MSe = 757.81
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PEAR SIX ZERO BASELINE AMPLITUDES

Newman-EKeuls Studentized Range Test for
PHASE groups.

-

gCc = RR = RC = Shortest
. Suas Significant
7013.,12  7732,64 8234.72 Ranges
CR = 6504.72 514,40  1227.32%% 1730.00%%* R2 = 661.88 .
cC = 7013.12 713.52  1215.60%%* R3 = 736.11
RR = 7732.64 | 502.08 R4 = 877.11

Note: df = 54; n per groaup 80; MS=2 = 669.75

* = p < ,05; ** =p < ,01,
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TROUGH SIX ZERO BASELINE AMPLITUDES

Newman-Keuls Studentized Range Test for
PHASE groups.

cCc = RR = RC = Shortest

sums s \ ; Significant
6226,32 6301.,60 T445.76 Ranges
= 5763.12 463,20  1138.48%% 1682.64%* R2 = 608.85
= 6226.32  575.28  1213.44%**  R3 = 732,32
= = 806.83

6301.60 - S44,16 R4

Note: df = 54; o per group = 80; MSe = 566.49

* = p < ,05; *f =p < ,01,



APPENDIX G

NEVMAN-KEULS STUDENTIZED RANGE TESTS POR.PEAK-TO-TROUGH,DATA

For the following<§§:ies:
RR Rarefaction right; Ra ction left

‘ RC = Rarefaction right; Condensation left
CR = Condeniation right; Rarefaction left
CC = Consensation right; Condensation left
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r PEAK TWO PEAK-TO-TROUGH AMPLITUDES

Heuuan-Keuls'Studentized Range Test for
PHASE groups. :

ce = RR = RC = Shortest
sums : Significant -
1536.80 1832.00 1300,80 Ranges
CR = 1461.60 135.20 430.40%*% 439,20%% R2 = 258,25
cC'= 1596.80 295.20%  304.00%% R3 = 258,25
RR = 1892.00 8.80 R4 = 284,53

Note: df = 57; n per qgroup = 80; MSe = 70.45

* = p < ,05; #* = p°< .01,



PEAK THREE PEAR-TO-TROUGH AMPLITUDES

Newman-Keuls Studentized Range Test for
PHASE groups.

—pe
»

cC = RE = KR = Shortest
Suas Significant
732,00 1038.40 1252.80 Ranges
CR = 790.40 1.60 248.00%  462,40%* R2 = 137.85
cc = 732,00 246,40% 4650,80**% R3 = 237.37
RC = 1038.40 214, 40 R4 = 262,18 ¢
Note: df = 57; o per group = 80; MSe = 53,82
* = p < ,05; ** =p < ,01,
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~
FEAK FOOR PEAK-TO-TROUGH AMPLITUDES
Bewman-Keuls Studentized Range Test for
PEASE groups.
cc = RC = RR = . Shortest
Sums - : Significant
1642.40  2080.00 2229.60 Ranges
CR = 1606,40 g 36,00 . &T73,60%*% 623,20%x V_BZ = 230.08
cC = 1642.40 437.60%* 587.20%% R3 = 348,30
RC = 2080.00 _ 146.60 R4 = 384.40

Note; df = 5%; n per group = B0; MSe = 128.53

* = p < .05; * =p < ,01,




PREQUENCY HISTOGRAMS FOR

~APPEBDIX H

RAW LATENCY

AND ZERO BASELINE DATA
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. P1 LATENCIES
nseC © FREQUENCY
5 10 15 20 25 30, 35 &0 INT. CUNM.
teccctrmccjocontrsacotrccctocactecnnpocn=d :

1,3860 « 0 0
1,8040 + 0 0
1.8220 + 0 0
1,6400 +X 1 1
1.4580 + 0 1
1.8760 +X 1 2
1.4940 0 2
1.5120 X 1 3
1.5300 + 0 3
"+, 5880 +XX 2 5
1.5660 ¢ 0 5
1.5840 +XIXXXXXXX 9 14
1,6020 ¢+ XIXXXXXXXXIXXXX 15 29
1.6200 0 23
1.6380 +XIXXXXXXXX 10 39
1.6560 + 0 39
1,6780 +XXXXXXXIXXXXXXXXXXXXXXXXXXXX 28 67
1.6920 + - 0 67
1.7100 +XXXXXIIXXXXXXXIXXXX 18 85
1.7280 + 0 85
1.7860 +XXXXXXXXIXXXXFXXXIXXXXXXXXXX 29 114
1,7680 ¢XIXXXXXXIXXXXXXIXXXXXXXXXXXXXXXXX 32 146
1.7820 + 0 146
1,8000 +XXXXXXXXXXXXXXXXXXX 19 165
1.8180 + 0 165
1,8360 +XXXXXXXIXXXXXXIXXIXIXXXX 23 188
1.8580 ¢ | | 0 188
1.8720 +XXXXXYXIXXFIXXIXIXXIXXXXXXXXXXXXXXXXXXXXXX* &5 233
1.8900 + : 0 233
1.9080 +XIXXXXXXIXXXXIIXXXIXXXXXXX 26 259
1.9260 +XXXXXXXXYXXX 12 27
1.9880. ¢ 0 271
1.9620 +XXXXXXXXXXIXX 13 284
1.9800 ¢XXXXXXXXX 3 293
1,9380 0 293
2.0160 + 0 293
2,0340 ¢+ IXXIXYXXXXXXX 13 306
2,0520 +XIXXXXXX 8 314

2,0700 + 0 31%
2,0880 +IXIXX 3
2.1060 + 0 317
2, Y280 +X° R A )
2,.1820 +X 1 319
2,1600 ¢ 0 319
2,1780 + 0 313
2,1960 +X 1 320



nsSeC

1.8900
1.9080
1.9260
1.9840
1.96 20
"1.9800
1.9980
2.0160
2.0340
2.0520
2.0700
2.0880
2.1060
2. 1280
2,1820
2.1600
2.1780
2. 1960
2.2180
2.2320
2.2500
2.2680
2.2860
2,3040
2.3220
2.3800
2.3580
2.3760
2.3940
2,8120
2.4300
2,8880
2.4660
2,4880
2.5020
2.5200
2.5380

2.5560

12,5780
2.5320

T1 LATENCIES

<

5 10 15 20 25 30 35

e oocteceapes colecovefecensdeonendoceejoaw

+ -
+

+X

L 4

+X

+X

¢

*
’ .

¢ : *
*

+XXXX
+

¢+XXXXXXXXXX

+XXIXXIXXIXXX

+ :

’ .
¢XIXXXXXXXXXXXXXXXXXXXXX
¢XXXXXIXXXXXXXXXXXXIXXXXXIX

¢
+XXXXXXXXXXXXXXXXXXXXXXXIXXXXXXXXXXX
+ ,
¢XXXXIXXXIXXXXXXXIXXXXXXXXXXXXXXXXXXX
XXX XXXIXXXXXXXXXXXXXXXXXXXXXXXXXXXX
N ,

¢ N
¢XXIXXXXXXXXXXXXXIXXXXXXXXXXXXXXXX
$IXXXIXIXXXXIXIXXXXXIXXXX !

’ .
¢XXXXIXIXXIXXI

+

¢IXIXIXXXIXXXIXXX

+XXIXXIXXX

+

¢XXXXXIXX

¢

+IXXIXXXXX ‘
¢

SIXIXIIXXIIIXXIXXX

+XITIXXXX

2.6100 + A

2,6280
2.6460
2,6640
2,6820
2,7000

+ XXX
[

+X

+
+XXX

40
-t
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FREQUENCY
INT, CUM,
0 0
0 0
1 1
0 1
1 2
1 3
0 3
0 3
) 3
0 3
) 3
M 7
0 7
10 17
122 29
0o 29
0o 23
23 52
25 17
0o 77
3 111
0 1
34 185 7
38 183
0 183.
0 183
33 216
22 238
0 238
13 251
0 251
15 266
7 273
0 273
7 280
0 280
9 283
0 283
16 305 °
8 313
0 313
3 316
0 316
1 317
0 317
3 320



MsecC

~2.7000
T 2.7150
2.7300
2.7450
2.7600
2.7750
2.7300
2.8050
2.8200
2.835%0
2.8500
2.8650
2.8800
2.8950
2,9100
2.9250
2. 9400
2.9550
2.9700
2.9850
3,0000
3.0150
3.0300

3.0850

3,0600
3.0750
3.03%00
3,1050
- 3.1200
3., 1350
3.1500
3.1650
3.1800
3.1950
3.2100
3.2250
3.25800
3.2550
3.2700
13,2850
3.3000
3.3150
3,3300
3.3850
3,3600
3.,3750
3.3%00
3.4050
3.8200
3.8350

e

P2 LATENCIES
FPREQUEBNCY

5 10 15 20 25 30 35 40 INT, CUAN.
Preccnlecentmccctmccctecncbernatnccctocand - .
+ XXX 3 3
* o 0 3
+XIXXXXXXXXXX 12 15
* 0 15
+YXXXXXXXXXXXXXXXX 17 32
+ ' 0 32
+KXXXXXXXXXXXXXXXX 17 49
+ : 0 49
+XXXXXXXXXXXXXXXXXXXXXXXXXXXXXX 30 79
° ) . 0 79
+ : o 0 79
+YXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX 31 110
¢ 0 110
¢XXXXXXXXXXXXXXXXEXXXXXXXXXXXXXXXXXXXXXXX® &9 159
+XXXXXXXYXXXXXXXXXXX ' 19. 178
. ) 0 178
+XXXXXXIXXXXXXXXXIXXXXXXXXX 26 204
+ 0 204
+ . 0 204
+XYXXXXXXXXXXXXXXXXXXXXXXXX XX - 2T 231
+ 0 23%
+XXXXXXXXXX 10 241
. 0 241
+XXXTXXXXXXXXXXXX 16 257
+ 0 257
+XYXXXXXXXXXXXXX 14 271
¢ 0 27¢%.
+XXXXXXX 7 278
¢ 0 278
. 0 278
+XXXXX 5 283
'3 : 0 283
+XXXXIXXX 7 230
¢ o 2%0
+XIXXXXXXXX 10 300
¢ 0 300
+XXIXXXX . : e 6 306
. 0 306
+XXXXXX 6 312
[ J R )/, 0 3‘ 2
. ' ~_-"* -0 312 -
+XXXX 8 316
+X 1 3
° ™, 0 317
+X i 1 318
+ 0 318
+ 0 318
+X 1 319
+ 0 349
+IX 1 320
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T2 LATENCIES
MSEC , : A FREQUENCY
, 5 10 15 20 25 30 35 40 IMNY., CON,
boecvetreccntecenborcntsacobcnacbravapoanns
2.9250 + 0 0
2.9500 +XX 2 2
2.9750 + 0 2
3.0000 +X | 3
3.0500 +X ! 5
3.0750 +Xxx 3 8
-3,1000 o 0 8
3.1250 +XXXXXXXX 8 16
3.1500 +XXXXXXXXXXXXXXXX 5 16 32
3.1750 ¢+XXXXXXXXXXXXXX 18 46
3,2000 +XXXXXXXXXXEXXKXXXXXXXXXXXXXXXXKXXXX 34 80
3.2250 + 0 80
3.2500 ¢XXXXXXXXXXXXXXXXXXXXXXXXXXX 27 107
3,2750 ¢ XXXXYXXXXXXXXXXXXXXXXXIXXXXXXXXXXXXXX 36 143
3.3000 ¢ S , 0 13
3.3250 ¢XXXXXXXXXXXXXXXXXXXXX 21 164
3.3500 +XXXYXYXXXXXXXXXXXXKXXXXXXXXX 27 191
3.3750 ¢XXXXXXXXXXXXXXXXXXIXXXXXXXX ~ 27 218
3.4000 +XXXXXXXXXXXXXXXX 16 234
3.4250 +XXXXXXXXXXXX 12 246
3.4500 ¢+ vy 0. 246
3.8750 +XXXYXXXXXXXXXXXX , 16 262
3.5000 +XXXXXXXXXXX ] 11 273
3.5250 +XXXXXXXXX 3 282
3.5500 + 0 282
3.5750 +XXXXX s+ 5 287
3.6000 +XXXXXXX , 7 294
3.6250 +XXXXXXXX 8 302
3.6500 +XXXXXX 6 308
3.6750 ¢ 0 308
3.7000 +XXX 3 3
3.7250 + 0 311
3.7500 +X 1 312
3.7750 + 0 312
3.8000 +XXX 3 315
3.8250 +XX 2 37
3,8500 + . 0 317
3.8750 +XX 2 319
3.3000 + 0 319
3.9250 + 0 319
3.9500 + 0 319
3.9750 + 0 319
5,0000 + 0 319
4,0250 + / 0 319
4,0500 +X 1 320
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" P3 LATENCIES

MSE FREQUENCY

c 5 10 15 20 25 30 35 40 InT. CUN.
Lt & T T e R <

3.3800 +

3.4000 +X

3.4200 ¢+

3- 4500 +

3.8600 ¢

3.4800 +XXXX

3,5000 +XXX

3.5200 +

3.5800 +XXXIXX

3.5600 +XXXXXXXXXXXXXXXXXXX 33
3.5600 +XXXXXXXXXXXXXXX 48
396000 ¢ o

e 3.6200 +XXXXXXIXXXIXXXX 63
3.6400 + ~ 63
3,6600 +XXXXXXXXXXIXXXX -78
3,6800 «+ ' 78

3.7000 ¢+XXXXIXXXXXXXXXXXXXXX
3,7200 ¢XXXXXXXXXXXIXXXXXXXXXXXXXXX
3.7400 +XXXXXI!XIXXIXXXXXXXXXXXXXXXX

NN - -s - - -
O VO WNONONWAHAOWEFOOO L0
&
[+ -]

3.7600 + 151
3,7800 +xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx 39 130
3.8000 + ) 0 190
3.8200 +XXXXXXXXXXXXXYXXXXX 19 209
3,.8400 + 0 209
3.8600 +XIXXXXXXXXXXXXXXXXXXXXXXXX 26 235
/' 3,8800 +XXXXXIXXXKXXXXX 15 250
3.9000 +XXIXXXXXXXXXXXXXXXX 19 269
3.9200 + 0 269
3.9400 +XXXXXXX - 7 276
3.9600 + - 0 276
3.9800 +XXXXXXXXXX 10 286
%.0000 +XXXXXXXXXXXXX 13 299
4,0200 ¢ 0 293
8.0400 +IXIXX 5 304
4,0600 + 0 304
4,0800 +XXXX 4 308
84,1000 + 0 308
8.1200 +XXY - 3 311
8,14800 +XX 2 3113
; 0o 313
5. 1800 + w 0 313
32,2000 +X \ t 314
4,2200 + \ 0 314
4.2800 +XIX 3 317
4,2600 ¢ 0 317
$.2800 +X 1 318
4,3000 +XX 2 320



nsec

3.3000

- 3.9250

3.9500
3.9750
4.0000
4,0250
4,0500
4, 0750
4, 1000
4. 1250
4, 1500
4. 1750
34,2000
4,2250
4.2500
4, 2750
%.3000
%3250
8.3500
4.3750
4.8000
4. 8250
».4500
4,4750
8.5000
%.5250
8.5500
8.5750
4.6000
4, 6250
8.6500
4.6750
4.7000
58,7250
8.7500
8.7750
4. 8000
%, 8250
4.8500
3,8750
%.9000
8.9250
4.9500
%.3750
5.0000

T3 LATENCIES

5 10 15 20 25 30 35 40
Ll 2 el R Rl LTy T Dy Guppy
[
L
L
+X
+XXXXXX
L
+XXX
+XXXIXXX
¢ ,
+XXXXXXXXXXXX >
$XXXXXXXXXXXXXXXXXX XXX X XXX XX
+XXXXXXAXXXXXX
SXXXXXXXXXXXXXYXXXXXXXXXXXX

$XXXXIXXXXXXXXXKXXXXXXX
. ) Nt
$XXIXXXXXXXXXXXXXXXXXXXXXXXXYXX
$IXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX
+XXXXXXXXXXXXXXXXXX

L4

XXX XXXXXXXXXXXXXXXXXXXXXXXXX
+XXXXXXXXXXXXXXXXXXXX
+IXXXXXXXXXX

+XXXXXXXX

+

+IXXXXXXXXXXX

+XXXXXX

+XXXXIXXXXXXX

+

+X

+XIXXX

+XXXX

+XX

+X

¢+

+XXXX

+IX

+

+X

+1

+XX

+X

¢+

+X

.

+X

242

FREQURNCY
INT. CUR,
o 0
0o 0
0 .0
1 1
6 7
0 7
3 10
7 17
0 17
12 29
27 56
13 69
26 95
22 117
o 17
29 146
v 117
18 195
0 195
30 225
20 245
11 256
8 264
0 264
12 276
6 282
12 294
0 234
1 295
5 300
4 308
2 306
1 307
0 307
4 311
2 313
0313
A 3w
1 315
2 317
t 318
¢ 318
1 319
0 313
1 320

-~
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P4 LATENCIES

, PREQUENCY

nsec 5 10 15 20 25 30 35 &0 Imr., Cun,
$erociencctrrcn ter e acnsbsanatecncina=t

4,6600 + 0 0
%,6800 +XIX 2 2
§4.7000 +XX 2 M
84,7200 o 0 §
5.7800 +IXXXXXXX 8 12
4.7600 ¢ 0 12
84.7800 +XIXXXXXIX 9 21
3.8000 ¢+ 0 2%
84,8200 +XXXIXX . s 26
8,8800 ¢XXXXXIXXXX 10 36
$.8600 +XXXIXXTILX _ ' 10 46
4.8800 ¢ 0 a6
§.9000 +XXXYYXXXXXIXXXXXEIXXXXXXXX ; , 2% 71
8,9200 ¢ ' 0 7%
8,9800 ¢ XXXXXXXXXXIXXKYXXXXXIXXXX 25 96
§,9600 « v : 0 96
8.9800 +XXXXDXXXXXXXXXIXXXIXXXYXXXXEXXXIXXXX 36 132
5.0000 ¢+XIXIXIXXXXXIXXXXIXIYYXX 20 152
5.0200 ¢ \ 0 152
5.0800 ¢XXYTXXXXXXIXXXXXXX 18 170
5,0600 ¢ : 0 170
5,0800 +XXIXXYXXIXXYXXXXXX 18 188
5.1000 +XXXXXIXXZXYXXXX th 202
5.1200 +XXXXXXXXXXXIXIX 18 216
5.1800 ¢ ¢ 0 216
5S.1600 +XIXXXXIXXXXXXX 18 230
5,1800 + 0 230
5,2000 ¢XXIXXXIIXXX 10 20
5,2200 ¢ 0 240
5,2000 +XXXXX S 245
5.2600 ¢XXIIX 8 269
5,2800 +XXXXX S 254
5,3000 ¢ 0 254
5,3200 ¢X t 255
55,3800 ¢ 6 255
5,3600 ¢XIXXXXX 6 28
5.3800 » 0 261
5.8000 *¢XTIXXIXX 7 268
5, 8200 +IXX 3 271
5.8800 +XXIXXX 5 276
5,8600 + 0 216
5,8800 +IXIXX 8 280
5,5000 +XXI 3 283
5.5200 + o 283
5.5400 +X 1 284
5.5600 ¢ 0 20a
5,5800 +IXXX 8§ 288
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’ PS LATENCIES

o~ ' PREQUEBCY
MSEC -~ 5 10 15 20 25 30 35 &0 IM@T. CUM.
Ll A R R S R D L P Py ’
5.,3200 +X D
95,3800 o 0 1
5.3600 +IXXXX 5 6
5.3800 o 0 6.
5., 8000 +XXXXXXYYXX E] 15
55,8200 +XXXXXXYIXXIXXXXXX o = 15 30
5.8800 ¢XXXXXXXXXXXXXXX 15 7 &5
5.8600 ¢ . \ _ T 0 45
5.8800 +XXXXXXIXXXXXXXXXIXYX 18 63
5,5000 +XXXIXXYYXXX 100 73
" 5,5200 ¢+ ' o 73
5. 5400 +XXXXXIXXXXXXXXXXXXXXXXX : 22 35
5.5600 ¢ : : 0 35
5.5800 ¢XXXXXIXXXYIXXXXXXXXX - 20 115
5.6000 ‘ 0 115
5.6200 ¢XXXXXXXXXX 10 125
5.6400 +XXXXYXXIXXXXX 13 138
5,6600 ¢+XXXYXXXX : 8 186
5.6800 + 0 tas
5.7000 +XXXXXXXXXXXXXXIXXXXXXYX : 22 168 .
5.7200 + 0 168
5.,7800 ¢XIXXXXXXIXXXXIXXXXXX 19 187
5.7600 + 0 187
5.7800 +XXXXIXXIXXXXXXXXXXXX 20 207
5.8000 +XXXXXXIXYXXXXXXXXXXIXXIX 23 230
5.8200 +IXXXXXEIXXXXXXXXXXXXXXXIXXXX 26 256
5.8800 ¢ 256
5,8600 +XXXXXXX 263
5.8800 + ' , , 263
5.9000 +XXXXXXXXXXIXXXXXXX 1 281
5.,9200 - 281
5.9400 +XIXXXXX 287
5.3600 +1X 289
5.9800 +XXX 292
6.0000 o 292
6£.0200 + 292
5.0400 +I1XX

6.0600 +IXXX

N
w
&

6,1000 « 302
6.1200 302
6+ 1400 + 302
6.1600 +1 303
6.1800 o 303
6.,2000 + 303
6.,2200 ¢ 303
6.,2800 +X 3o
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, 245 L
) . - ' :
e ’ '
TS LRATENCIES o :
FREQUENCY
nsec 5 10 15 20 25 30 35 40 INT. CUN.
e rematarcc e cnleccntecnn fevoaprra=d
6.0400 + 0 0
6.0600. +XX 2 2
6.0800 +XXX 3 5
6,1000 ¢+ ' 0 5
6.1200 +XXXX 4 3
6.1400 ¢ - 0 3
6. 1600 +XXXXXXXXXXKX 12 21
6.1800 + B o 21 .
65,2000 +XXXTXXXXIXXXXXXX ; o ‘15 36
6.2200 ¢XXXXXXXXXXXXXXXXX 17 53
6.2400 +XXXXIXXXXIXXXAXXXX 18 71
6.2600 ¢ 0 71 .
6.2800 +XXXXIXXXXXIXXXXXX ' 17 88 i
6.3000 ¢+ : 0 88 - . :
6.3200 *XXXXXXXXXXXXIXXXXXXXXXXXX 25 113 : i
6.3400 + 0 113 o
6.3600 +XXXXXXXXYIXXIXAXXXXXAXXXIXAAXY 27 10 5
6,3800 +XXXXXXXSIXXXXXXXXXIX 13 159 :
6.8000 ¢XXXXXXIXXXIXXXIXXXXX , 20 179 =
6.,4200 ¢+ - 0o 179 B
6.4400 +XXXXXIXXXXXXXIXXXXXXXXXXXXXXX 29 208 :
6.4600 + ‘ 0 208
6,8800 +XXXXXXXXXXXXXXXIXXXXXX ' 22 230
6,5000 +XXXXXXXXX 9 239
6.5200 + . 0 239
6.5400 +XIXXXXXXXX 9 248
6.5600 + ; 0 248
6.5800 +XXXXXXXXXX 10 258
6.6000 +YXXXXX 6 264
6.6200 +XXXXX 5 269
6.6400 + 0 263
6,6600 +XXXXXX . 6 275 :
6.6800 + 0 275 :
6,7000 +IXXIXXXIX : 7 282 -
6,7200 ¢ } 0 282 :
56,7800 +XXXXXXX 7 289 E
6,7600 +IXIXIXIXX 5 294 =
6.,7800 ¢XXXXXXXXX 9 303 3
6.8000 «+ 0. 303 =
6.8200 +XXXXXX 6 309 =
65,8800 ¢ 0 309 o
6.,8600 +I 1. 310 =
6.8800 + 0 310
6.3000 ¢IX 2 32
6.3200 +XXXXX 5 317
6.3400 +XXX 3 320

Mﬁ%ﬂ&m&féﬂ%\wu s
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P8 LATENCIES B
MSE ' R : PREQUENCY
c 5 10 15 20 25 30 35 40 INT. CUM.
, I P T R TR D PR R LR St ol g ] o _
7.0500 + 0 0
7.0750 + 0 0.
T. 1000 + o 0
7.1250 + 0 0
7. 1500 +XXX 3 3
7.1750 +xX 2 5
7.2000 +XXXXXXXXX 3 14
7.2250 « 0 14
7.2500 ¢XXXXXX 6 20
7.2750 ¢XXXXXX 6 26
7.3000 + ; 0 26
7.3250 +XXXXXXXXXXXKXXXXXXXXX PR Y |
7.3500 +IXXXXXXXXXXXXX 14 61
7.3750 +XXXXXXXXXXXXXX 14 75
7.4000 +XXXXXXXXXXXXXXXXXXXX . 20 35
7.4250 +XXXXXXXXXLXXXX ‘ ‘ 14 109
7.4500 ¢ P R 0 103
7.4750 +XXIXXXXXXXXXXXXXXXX o ‘ 18 127
7.5000 +XXXXXXXXXXXXXXX o . 15 142
" 7.5250 ¢XXXXXXXXXXXXXXXXXXXXXXXXXXXX 28 170
7.5500 ¢+ | 0 170
7.5750 ¢XXXXXXXXXXXXXXXXXAXXXX - 22 192
7.6000 +XXXXXXX 7 199
7.6250 ¢XXXXXXXXXXXXXXX 15 214 |
7.6500 +XXXXXXXXXXXXXXXXXX , 18 232
7.6750 + . 0 232
7.7000 +XXIXXXXXXXXXXXX 14 246
7.7250 +XXXXIXXXXXX : 10 256 .
7.7500 +XXXX 4 260
7.7750 « ] 0 260
7.8000 ¢XXXXXXX 7 267
7.8250 +XXXXXXX 7 274
© 7.8500 +XXXXXXXXX Ve 9. 283
7.8750 ¢XXXXXIXX , 7 290
7.9000 +XxX 2 292
7.9250 + 0 292
7.9500 +X 1 293
7.9750 +XXXX s 297
8.,0000 +X v 298
8.0250 + . 0 298
~ 8,0500 XX 2 300
8,0750 +XX 2 302
8,1000 ¢ 0 302
- 8,1250 + 0 302
8.1500 +XxX 2 304
8.1750 + , - 0 304
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16 LATENCIES

MSE , PREQUEBNCY
C. 5 10 15 20 25 30 35 40 INT. CUN.
e eccircantrccetecneincvstoccctsacanpsensd’
7.3850 + 0 ]
7.4200 + 0 0
7.4550 +X | -4
7,4300 +XxXX 3 4
7.5600 +XXXXX ' 5 1
7.5950 +XXXX . 15
7.6300 +XX 2 17
7.6650 +XXX 3 20
7.7000 +XXXxx 5 25
7.7350 ¢ XXXXXXXXX 3 34
7.7700 +XXXXXXXX 8 &2
7.8050 +XXXXXXXXXIXXXXXXXX ) 17 59
7.8400 +XXXXXXXXXX 10 69

7.8750 +XXXXXXXXXIXXXXXXXXIXXXXXXXXXXXXXXXXXXXXX* &3 118
7.9100 oxxxgixxxxxxxxxxxxxx 13 137
7.9450 ¢+XXXIXXXIXXXXXXXXXXXXXXXXX 25 162
7.9800 +XXXXXXXIXXXXX » 13 175
8,0150 +XXXXIXXXXXXXXXXXXXXXXXX 23 198
8.0500 +XXXXXXZXXXXXXXXX 16 - 214
8.0850 +XIXJIYXIXXXX 9 223
8.1200 +XIXXXIXXXXXXXX 13 236
8. 1550 +XXXXXXEX 7 243
8.1900 ¢XXXXXXXXXXXX 12 255
8.2250 +XXXXX 5 260
8,2600 + ’ 0 260
8,2950 +XXXXIXXX 7 267
8.3300 +XXXXX -5 272
8.3650 +XXXIX - 4 276
8.8000 +IXX 2 278
8.4350 +XxX 2 280
8.4700 +XX 2 282
8.5050 +XXIXX 4 286
8.5800 +XXXX 4 290
8.5750 ¢ 0 290
8.6100 +X 1 291
8.6850 ¢ 0 291
8,6800 ¢ 0 231
8.7150 +X 1292
8.7500 +XXX 3 295
8.7850 +IXXX 3 298 -
8.8200 « 0 298
8,8550 +XXX 3 301
8.8300 I 1 302
8.9250 ¢ - . 0 302
8.9600 +X 1 303
8.9350 +X 1 304



P1 AMPLITUDES

PREQUENCY

UVOLTS © 5 10 15 20 25 30 35 &0 IBT. conm.

L Ll L R LT Touu iy WUyt Gy iy

'o’“OOO 4 0 4]
-, 10500 » 0 0
-,07000 +X 1 1
-,03500 + 0 1
0. 0000 +X 1 2
coasioio ’x * 4 l . 1
.07000 +xXXX 4 7
+ 10500 +XXXXX 5 12
+ 18000 +XXYXXXXXXXXXY 12 24
+ 17500 "+ XXXXXXXX 8 32
» 21000 ¢ XXXXXXXXXXXXXXXXXXX 19 51
¢ 28500 ¢YXXXXXEXXXXIXXIXXXXXXXXXXXXXXX 28 79
+28000 +XXXXXXXXYIXXXXXXXXXXXXXXX 28 103
" +31500 ¢ XXXXXXXXXIYXX 12 115
+ 35000 ¢ IXXXXXIXXIXXXAXXXXXAXY 20 135
» 38500 + XXXXYXXYXX 9 184
42000 #XXXXCXXXXXXXXXXXXXX 13 163
+85500 ¢XXXXXXIXXIXYY 12 1758
+83000 +XXXXXXXXXXX 11 186

© 252500 +XXXXXXXXXXXXY 13 139
" .56000 +XXXX 8 203
+53500 +XXXXXXXXXXXYXXYX 15 218
.63000 +XXXXXXXIXX 9 227
66500 ¢IXXXYXXXXXXXXX 1 241
"~ .70000 ¢XXXXXXYX 7 248
+73500 ¢ XXXXIXXXXX 9 257
77000 +TXXXXXXXXXYX 11 268
" 480500 +XXXXXXXXYXXX 1 279
*+ 88000 +XXYXXX S 284
87500 0 284

+ 31000 +XXXTXXYX 8 292

. I8500 +XYXXX 5 237

. 38000 +YXX 3 300
1.0150 +XXXX N 304
1.0500 +XXIXIXX 6 310
1.0850 +XY 2 312
- 1,1200 +X 1 313
1. 1550 + i 0 313
1.1900 +X 1t 3.
1.2250 +11Y B S & |
1.2600 +_ 0 37
1.2950 « 0 317
1.3300 X 1 318
1. 3650 + 0 318
2 320

1. 8000 +XX



UVALTS RREQUENCY:
5 10 15 20 25 30 35 40 INT. CUM.
Ly R A P L Ll LY TR DU Oeers
-.66000 +X 1 }
-.60000 ¢ 0 1
-,54000 + 0 1
-, 88000 +X 1 2
-. 82000 + 0 2
-.36000 +XX .2 4
-,30000 + 0 4
~,28000 +XX1Y o : - - - B S :
-.18000 + 0.— 7
-.12000 +x 1 8
-, 06000 +XIXIXX 4 12
0.0000 +XXYXXXXXX 3 21
.06000 +XXXX 8 25
. 12000 +XYXYXIXXTXX 10 3%

« 18000 + IXXXXXXXXXXXXXXXXXXXXXXAX
J28000 +XXXXXXXXXLXLXXXXXXXXXNXYX

. 30000 +XXXXXXXXXXXLXXXXYXXXXXXXX

236000 +XXXXXXXXXXXXXXXXXXXXKX -
JH2000 +XXXXXXXTTXXYXXXXXXXXXXXXNXY

L,48000 +XXYIXXXXXXXXXXXXXXX

54000 +IXXXXXYXXTIXYXXXXXXIXY

+60000  + XXIXXIXXXXXXX

66000 +XXXXXXIXTXXXXXYIXXX

+ 72000 +YXXYXXXXXYYIXX

278000 +XYXYXXTXXXXXXXX

88000 +XXXXXXXXYTXXXXXXXIXX

.30000 +XXXYXXX

NN
NN WE
-

o
-

. - o i wt wd DD b N

N NNV DD ODWNDODWO OO
»N
L%
[ =]

.96000 +XXXIXXX 283

1. 0200 +XX 285

1.0800 +XXYXX 230 .
1, 1800 +IXX 292

1.2000 +XXXXXIXX 300

1. 2600 +XX 302

1.3%00 +XXTXYLXX < 309

1.3800 <X 310

1.8800 XX 312

1. 5000 » 0 ~312"
1.5600 ' 0 312
1.6200 +XX o 2314

1.6800 & - 0 31s

1. 7800 +XX - R S 1 { S
1.8000 X , 1 317

1.8600 +X 1 318
1.3200 X : 1 313

1.9800 0 319
2.0800 + ~ 0 319

2., 1000 + 0 313

2, 1600 oI 1 320



250

T2 ANPLITUDES e

~ PREQUENCY

UWOLTS 5 10 15 20 25 30 35 40 INT. CUM.

o mmpgr e bmmccpeccctonaricccabocnntnocet

~.66000 +X v
-.60000 + o 1
-.58000 + o 1
~. 48000 +X 1 2
-.32000 + o 2
~.36000 +Xx 2y
-.30000 + o
-.28000 +XXX - 37
- 18000+ . : ” 0o 7
-.12000 +x , 1 8
~. 06000 ¢XxIXX ~ 4 12
0.0000 +XXXXXXXXX 9 21
+ 06000 +XXXX 4 25
12000 +XXXIXIXXXX | 10 35
. 18000 +XXXTXXXXXXXXXXXXXXXXXEXX 26 59
.28000 + XXXXXXXXXIXXXXXXIXKXXXX 21 82
.30000 +XXXXXXIXXXIXXXXTAXXAXAXXX 25 107
.36000 +XXXXXXXXXKXXXXKXXXXXXX < .22 129
.$2000 +XITXXXXXXXXXXXXXXTXXXXXAXX 26 155
.48000 +XXXXXXXXXXXXXXXXXXX 19 174
.58000 +XXXXXXXXXXXXXXXXAXXX 20 134
.60000 ¢XXXXXXXXXXXXX 13 207
66000 +XXXITXXXXXXEXXXXKX 18 225
.72000 + XX XXXXXXXXXX 12 237
.78000 +XXXXXXXXIXXXX 13 250
.88000 +XXIXTXXXXXTXXXXXIXXXX .13 269
.90000 ¢XXXXXXX 7 276

.96000 +XXXYXXX 7 283
1.0200 +XX 2 285
1.0800 +XXXXX : 4 5 290
t.1800 +XX 2 292
1.2000 +XXIXXXXXX 8 300
1.2600 +XX 2 302
1.3200 +XXXXXIXX 7 309
1.3800 +X ‘ 1 310
1,4800 +XX -2 312
1.5000 ¢ 0 312
1.5600 + 0 312
1.6200 +XX : 2 31s
1.6800 ¢+ o - . - 0 314
1.7800 +XX 2 36

1.8000 ¢x o N 1 3171 -
8600 +X 1 318
. 9200 +X 1 319
1.9800 + 0 319
2.0800 ¢ 0 319
2.1000 + 0 313
2.1600 +X 1 320



UVOLTS

» 06000
0,0000
. 06000
+ 12000
. 18000
. 28000
» 30000
+ 36000
» 82000
48000
» 58000
«60000
.66000
« 72000
+ 78000
84000
+ 30000
» 36000
1.0200
1.0800
1, 1400
1.2000
1.2600
1.3200
1,3800
1.8400
1.5800
1.5600
1.6200
1.6800
1,7400
1.8000
1.8500
1.9200
1.9800
2.0800
2.1000
2.1600
2,2200
2,2800
2,3800
2.8000
2,4600
2.5200
2.5800
2.6800
2,.7000

P3 AMPLITUDES

5 10 15 20

25

30

35

40

proecaljrcomiovacbre s brecnfancatonanhanced

+ X1

+IXXXX

+ 1Y

+IXLXY

+IXXXIXXXXX
+XXIXXIXIXXIXXXXX
+IXXXXXXEXXXIXXXXXXX
+IIXIXXXIXXXXXXX
+XXYXYIEXIREXITIXINIIXI
+IXXXXXXXXXIXXXXX
+IXXXXXXIXXXX
+XXXIIXXXXXXXXXXXIXXX
+IXXXYXXXIXXXIXXXXXXXXX
+IXYXIXXIXXXX
+XXXXEXXXXIXIXXXYXXIXXIXXXX
+XXIXIXXIXIT
+XXXXXIXIXIX

+IXIX

+XXIXXYIXXXX

+IXXIXX
+XXYXXXXIXXIXIXIXXXIXIX

+ XX

+XXXXXX

+IIXX

+XXXX

+XXIXIXXIXX

+XX1X

+XXXXIXX

+IXXX

+IIXXXX

+

+XXIXX -

+IX

+XIX

+ XXX

+X

+XX

+IXIXX

+ XX

*

+

+X1X

+X

+IX

PREQUENCY
Inr, COn.
1 1
1 2
1 3
2 5
5 10
2 12
5 17
10 27
16 83
18 61
W 75
13 94
16 110
Ty 121
13 140
22 162
10 172
22 194
10 204
I 213
& 217
10 227
6 233
16 2893
2 251
6 2517
8 261
& 265
3 274
4 278
6 284
N 288
6 294
0 294
4 2358
2 300
2 302

3 305
1 306
-2 308
& 312
2 3ts
0 314
0 314
3 317
I 318
2 320



UVOLTS

'1"000
-"3300
'1'2600

-1. 1300

-1.1200
'100500
8000
-,31000
~.84000
-.77000
-.70000
-.63000
-, 56000
'0.9000
= .2000
' } 35Q00
-,28000
-, 21000
-. 18000
‘007000
0, 0000
.07000
» 18000
«21000
.28000
» 35000
«82000
+ 49000
. 56000
.63000
« 70000
+ 77000
+88000
» 31000
« 98000
1.0500
1. 1200
1.1300
1.2600
1.3300
1.8000
1.8700
1. 5800
1.6100
1.6800
1.7500
1.8200
1,8300
1.3600

—_—

T3 AMPLITUDES

5 10 15 20 25 30

+X

+

+»

+

¢

L 4

¢ I if,i

L'y 1 o
‘X : L
: .
+IX

+ XX .

+XXXXXXIXXX

+X \

+XXXXXXX ‘

+XXXXXXX

+XXXXXITXXXILX

+XXIXTIXLXX
SXTLXXXXXIAIXXIXXT \
+XIXXXXTXXXIXXX S
¢XIXIXXIXIXXXXIXIXXXXYXX XX
+XXXPXXXXXXIXXXIXX
+IXfIXIIIXXXXIXIXXRXXXIXXXXXXXXXXX
+XXXXXXXXXIXXIXIIXAXINANIX
SIXXXXXYXXIXXXXXXXXIXXXXX
¢+XIXITXXIXXXXXXXXXX
+IXXIXXXXXIXXEXXXX
$XYXXTIXXXXIXXXXXXXXXI

+1IXXXX

+IXXXXX

+JIXXIXX

134884¢

+IXXXXXXY

+1XXY-

+X

'3

+XIXX

+X

+ XXX

+IXXX

+XIXXX

+1X
*IIY
«XX
*

+

[ ]

+X
+1

~
&

252

PREQUENCY
Inr, Cun,

’Q&NNQ-.ONNO‘-J-‘—OQOQO-‘
O N E N e s :
Ve ENWARWOTONE EWN aboadoodd ot =

109
126
158
182
206
222
239
260
266
272
278
282
290
294
295
296
293
300
303
307
311
313
316
318
318
318
318
313
320

N v oot N W
- EN -

- OQDOONWNE F WmWwu P 0ERRON



P4 AMPLITUDES

UVOLTS

i) 800 00
-, 70000
T 60000

-, 50000

'.QOOOO
-030000
-,20000
-, 10000
0.0000
» 10000
+20000
+ 30000
. 80000
+ 50000
. 60000

« 70000

. 80000
. 90000
1.0000
1. 1000
1.2000
1.3000
1.8000
1.5000
1.6000
1.7000
1.8000

1.9000
2.0000
2. 1000
2.2000
2.3000
2.8000
2.5000
2,6000
2,7000
2.8000
2,9000
3.0000

3,1000

3,2000

33,3000 ¢

3,8000
3.5000
3.8000
3,.7000
3.8000

5 10 15 20 25

[E R TR TR EEE L LR 2 0----}----0----0----0--—-’

+

+X

4

[ 4

+ XX

+ -
. -
+XXXX : N
+XXXXXXXAXX

+ X -

+RXXXXXXX

+ XXX

+IXIXXXXAXXXIXXXLX
+IXXXXXXX

+IXXXXXXXXXX

S XX XXXXXXXYX XXXXXXXXXXXXXXXX
+IXXXXXX i
¢IXXIXXXXXXXXXXXXXXX
S IXIXXIXXXXXXXXXYXXXXXXXXXXXX
+IIXXXXXXXXX

+XXXXXXXXXXXXX
+IXXXXXXXIXXXX
SEIXIXXXXXXXXXXXXXXX

+IXXXXX

¢XXXXXXXXX

+IXXIXIXXXXX

¢IXXXXIX

¢IXXXXXX

+XXIXXXXNIXXX

+IXXXXX

¢IXX

XX

+XXXX

+XXXXXX

+IX o

+IIXXIXXXX

+X

+XXX —
+X
. - o
*X

]

+
.
+X
*

+X

253

INT.

o

-b

N -’
[- e )

j ‘ -t - - ok ot wd D) =
‘c>—¢:c>¢-ac)a\d-m'uvx;vvhuo\o~4~10\na\ocdua—:niaq

A W® W OFOONOO -0

PREQUENCY
Cun.

17

26
29
45
53
64
30
37
116
144
155
168
181
200
206
215
225
232
233
249
255
258
260
264,
270
272
280
281
284
285
285
286

286

286
286

287

287
288



254

B PS AMPLITUDES |
UVOLTS ' ' PREQUENCY

5 10 15 20 25 30 35 40 INT., CUM.
L e D L LY iy Sy Gy

-,24000 +XXX 3 3
-.16000 + 0 3
-. 08000 +XXX i} 3 6
0.0000 £IXIXX | 5 11
. 08000 +TXXXXXXXX 9 20
. 16000 X « 1 21
+« 28000 +XXXXXXXiX1X ' 1 32
+32000 +XTXXXXXXAXXXAKXXX 17 W9
. 40000 +XTXXXXTXIXXXXXXY | 16 65
+ 48000 +XXXXXXXIXXY 10 75
+ 956000 +XXXXXXXXX 3 By
+68000 +IXXXXXXXIXXXXXXXXK 18 102
s 72000 +XXXYXXIXXXIXXXX 12 114
.80000 +XXXXXXXXXXXX 12 126
.88000 +XXXXXXXXXXXXXXXXX 17 143
v 96000 ¢XXXXXXXXYXXYXXXXXXX 19 162
1.0800 #XXXXXXXXIXXXX ’ 13 175
1.1200 +XXXXXXXIXXXXXYX ) 13 188
1.2000 +XXXXXXXXXXX 11 139
1.2800 +XXXXXXXXXXX 11 210
1.3600 +XXXXXXXXXXXX ‘ 12 222
1.8800 +XYIXIXXXXXXX , 12 234
1.5200 +XYYIXXX ’ 6 240
1.6000 +XXXXXXX 7 247
1.6800 +XXXXXXXXX 3 256
1.7600 +XXXX 4 260
1.8800 +XXXXXX 6 266
1.9200 +X 1 267
2.0000 +XXX 3 270
2.0800 +X 1 271
2.1600 +XXXXXX 6 2717
2.2800 +XXXXXX , 6 263
2.3200 +IXXX . 8 287
2.8000 +XXXX | 8 291
2.4800 +X 1 292
2.5600 + 0 292
2.6800 ¢IX 2 294
2.7200 +X 1 295
2.8000 +XX 2 297
12,8300 +IX 2 299
¥2,9600 X ~ 1 300
3,0800 +% - f . - ¥ 301
3,1200 + “ 0 301
3,2000 +XX 2 303
3,2800 + 0 303
3.3600 + 0 303
3.8800 + 0 303
3.5200 +X 1 304




UVOLTS

-3,2000
-3.1000
-3.0000
-2.3000
-2.8000
-2.7000
-2,6000
-2.5000
-2,3000
-2,2000
-2,1000
-2,0000
°1.9000
-1.8000
-1.7000
-1.6000
-1. 5000
"..000
-103000
-1.2000
-1.1000
-1,0000
-.90000
-.,80000
=-,70000
-.,60000
-+50000
_"-.0000
“-,30000
-,20000
e ‘0000
0,0000
» 10000
» 20000
« 30000
.80000
« 50000
. 60000
« 70000
.80000
lm&&
1.0000
1,1000
1,2000
1.3000
1.4000

TS AMPLITUDES

5 10 15 20 25 30 35 40
+

+IX

+X

+ XX

+I

+ XX

+1

+ XXX

+IXIXXX

+ XX

+XXX

+ XX -

+XXIXIXXXXX

+XXXXX

+XIXXXXXXXXX

+X )

+XXXXXXXXXX
+IIXXXXXXXXX
+XXIXXXIXXXIXX
+XXXXXXXXXXXIXXXXXX
+IXXXXXXXXXXXXXXXIXXXXXYXYXX
+XXXXXIXXIXXIXYXIXXXXXXXXX
+XXXXXXXXIXXXXXXXXXXXXXXXXXXX
+XXXXXYXXXXXXXXXXXXZIXXXXX
¢ IXXXXXXXXXXYXXXXXXXXXXXXXXXXXYXXXXIX
+IXXXXXXXXX
+IXXXXIXXXIXIXXXXX
+XXXXXXX

+XXX

+XXXX

+XXXXXXXXX

+XXXX

+XXXX

+IXXXX

+1XXXXX

+YIXX

+IXXIXX

+XIXXXX

+IXXIX

+1X

+

Y

+X

255
PREBQUEBNCY
INT. CUM.
0 0
1 1
0 1
0 1
0 1
2 3
1 4
2 6
1 7
2 9
1 10
313
5 18
2 20
3 23
2 25
3 34
5 39
10 43
1 50
10 60
1M
11 82
17 99
27 126
22 148
27 175
24 193
33 232
10 242
15 257
7 264
3 267
a 271
9 280
s 284
v 288
5 293
6 299
s 303
5 308
5313
" 317
2 319
0o 319
0 319
" 320



256

P86 AMPLITUDES

UVOLTS PREQUENCY
5 10 15 20 25 30 35 &0 TINT, CUN,
tosmctensvtomcrfocratrcondmeovfononpnacel
-1.7000 + 0 0
-1.6000 + 0 0
'1-5000 *! 1 ,
'10‘000 ’l ‘ . 2
-1,3000 +XxX 2 4
-1,2000 +XXXX % 8
-1,1000 +XXXXX 5 13
-Y,0000 +XXX 3 16
-.90000 +1XXX 313
-,80000 +XYIXXXAXXXXLIXXX 14 33
-.70000 +XXXX 5 37
-,60000 +XXXXXX 6 83
-. 50000 +XXIXXXXX 7 50
~,. 80000 +XIXXXXXXXZXXXXX 14 64
~,30000 +XXXXXXXXXXXX 12 76
«,20000 +XXXXXXXXXXXXXXIXXIXIXXXX 23 99
~.10000 $+XXIXXXIXIIXIXXXXIXIXX 19 118
0,0000 +XYXXXXXIXIXXXIXXXXXXXX .22 140
, 10000 ¢+ XXXXXXXXXXXXXXXXXXXXX 21 161
.20000 +XXXXXXXXXXXXXXXXIXXXXXXXXXXXXX 23 1390
.30000 +XIXIXXXIXXXIXXXXXXXX 13 209
40000 ¢+XIXXXXXXXXXXXXXXXXX 18 227
.50000 +IXXXXXXXIXIXXX 18 241
.60000 +XIXXXXXXXIXX 12 253
., 70000 +XXXIXXXXI 3 262
, 80000 +XXXXX 5 267
,90000 +XXIXIXXYXX 3 216
1.0000 +XXXX 4 280
1.1000 +XXX 3 283
1.2000 +XXIX s 287
1.3000 +X 1 288
1.84000 +1IX 2 2%0
1.5000 + 0 29%0
1,6000 +IXX 2 292
1,7000 +XX 2 29&
1.8000 +XXI 3 297
1.9000 +1X 1 238
2,0000 « 0 298
2, 1000 + 0 298
2.,2000 +1XX 3 30%
2.3000 +1 "1 302
2.8000 + 0 302
2.5000 +X 1 303
2.6000 ¢ 0 303
2,7000 + 0 303
2.8000 +X 1 304



L e S L 28F

T6 APLITUDES
WOLTS FREQUENCY
5 10 15 20 25 30 35 80 I8T. COHN,
’----0--~-0----0“--0—---0-,-“0----0.---0

-2,0000 ¢+ 0 0
~1.9200 X t t
'1.3‘00 + 0 1
-1.7600 + 9 1
-1.6800 +X 1 2
-1.6000 +2XXX 8 6
-1.5200 + o, 6
7 =T.8800 exxxx @ - . 10
-1,2800 +XXXXIXXXXX 10 23
=1,2000 + XXX 3 26
=1,1200 +XXIXXXXX 7 33
=Y. 0800 +XXXXXXIX 7 80
-+96000 +XXIXX 8 - A8
-. 58000 <+ XIXXIXXXXX 8 52

- -

-.80000 ¢+ IXXIXXXIXIXXXX 18 66
=.72000 +XITXXXIXIXTAXXX 15 81
-.68000 +XXXXXTXXIIXXXXX ] 15 96
-,56000 +XXXXXXXXYXXXXXIX - 16 112
, -.88000 +XXXXZXXXXXIXX 13 125
- -, 80000 ¢XIXXXXXTIXXXX : 13 138
-+32000 *XXXXXXXXIXIAXAXXXXXXX - 20 158
-.28000 *XXXXXXXXXXIXTXXX ° - 15 173,
=, 16000 +IXXXXIIXXITIXXXXXXX 18 191
-. 08000 ¢+XIXIXXXXRIXXXIIAXIX | 19 210
0.0000 +IIXXXIXXXXIX , 12 222
.08000 +IIXXXXXXIXX 11 233
. 16000 +3XXXXYXX ‘ ‘ * : 8 281
+28000 +IXXXXYXX X 8 249
«32000 +XXXIXXXYXXX 10 259
.80000 +IXXXX . 8 263
.88000 +XXX 3 266
+ 56000 +XXIXXXXX 7 2713
68000 *XXXXX 5 278
»72000 13 ~ 2 280.
+80000 +IXIXX 5 285
. 88000 +XIXXXIX 6 291
»36000 +x 1 292
) 'tiﬂ"“'*ﬂff”’* Tt s T B S . ) Y
"1.1200 oXXX 3 298
- %,2000 exX — — 2300
1.2800 +xX 2 302
1.3600 « 0 302
1.8000 « 0 302
1.5200 +x 1 303
1.6000 o 303
1.6800 +X 1 308



APPENDIX I

ANOVA TABLE POR MOHAURAL PS5 DATA

...258




Source

Sex
Error

Ear
Ear x Sex
Error

df

18

-—

MONAURAL P5 DATA

Mean Square

2,17
3,72

F Probability
0.58 0.455
\
2.59 0.125
0.01 0:9337
»



APPENDIX J

'NEWMAN-KEULS STUDENTIZED TANGE TESTS FOR RAW LATENCY DATA
P4 -- DERIVATION BY PHASE .

. f
_ For the following table: , :
/BR’= Rarefaction right; Rarefaction left ‘
~~ RC = Rarefaction right; Condensation left
N . CR = Condensation right; Rarefaction left
' ‘CC = Consensation right; Condensation left s
~ - ' Ca )
i ‘ A
: . T/
’,



» 261 .
PEAK F?bR DERIVATION X PHASE INTERACTION
Newman-keuls Studentized Range Test for
DERIVATION X PHASE groups.
" ' Shortest
- VM-P! VM-P3 VN-P! VM-PY4 VN=-P3 VN-P2 VN-PU Significant
’ Ranges
VM-P1 5.00 10.64 -14.68 14,68 16.24 19.04 19.36 R2 = 9.23
VN-P3 5.64 3.68 9,68 11.24 14,04 14,36 R3 = 8.83
~ s ’
VN-P1 4,04 4,04 5,60 8,40 8,72 R4 = 8.49
VH-PY 0.00 1.56 4,36 4.68 RS = 7.36
- 7
VN-P3 t.56 4.36 U4.68 RS5 = 7.94
" YN-D2 2,90, 3.12 R6 = 7,23
V4-P2 0.32 R7 = 6,07

Groups = 40; df = 51; Error jterm = 0,11

[ —_






