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ABSTRACT 

The auditory brainstem response (ABR) is an evoked potential that has ~hieved 

widespread acceptance as a technique for evaluating the status and function of the auditory 

nervous system. For many diagnostic applications, the latency of an obtained ABR peak is 

compared to clinical norms. One who uses this appr~h makes some basic assumptions 

regarding between-subject and within-subject variability of latency. Although a great deal 

is known about between-subject variability of ABR latency, virtually nothing is known 

about such variability within a single subject. The purpose of this investigation was to 

describe the nature of within-subject variability of ABR latency. 

Nine male subjects participated in the study. E~h met the following criteria: 10-12 

years of age; normal speech and language development; normal academic progress; normal 

hearing; and, normal middle ear pressure. 

A repeated measures design was employed. Four sessions were scheduled for each 

subject and five ABRs were obtained at each session for each of three stimulus conditions. 

Stimuli were 100 JlS condensation clicks presented at 80 dB nHL. For each ABR peak, the 

Within-subject distribution of latencies was analyzed with regard to symmetry, kurtosis, 

range, and standard deviation using the SPSSx "Descriptives" procedure. 

For every subject, variability of latency was observed. Most often, the latencies were 

normally distributed and the magnitude of variability was small. The variability of 

latency, as indexed by the standard deviation, was less within any single subject than is 

commonly reported for groups of subjects. 

It was concluded that: (a) standard parametric techniques would be appropriate for 
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subsequent analysis of such data; and, (b) by establishing a baseline, the sensitivity of the 

ABR might be increased for certain within-subject monitoring applications. 
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INTRODUCTION 
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For many years, researchers have used auditory evoked potentials to gain information 

about the status and function of the auditory nervous system. By employing auditory 

stimuli that enhance synchronous neural firing and obtaining averages of many samples of 

activity, a time-locked response can be observed. The averaging process reduces the 

contribution of the asynchronous noise to the final record. 

In 1970, Jewett, Romano, and Williston reported recording electrical activity from 

the scalp that was characterized by "a series of waves between 2 and 7 msec after the 

arrival of the stimulus at the ear, which were surprisingly consistent within and between 

subjects" (p. 1517). Because of the short latencies of these waves, the authors concluded 

that the waves were generated by brainstem components of the auditory system. 

In a subsequent article, Jewett and W1111ston ( 1971) labeled the serIes of waves 

occurring in the first 9 ms after a click stimulus reached the tympanic membrana with 

sequential Roman numerals (I-VII), a nomenclature still used today. Jewett and Williston 

concluded that "waves I through VI have sufficient reliability to be worthy of establishing 

clinical and experimental norms", and suggested that "this response ... be considered when 

objective audiometry based upon latenc.y of response to one or a few fixed intensities is 

developed" ( 1971 , p. 694). 
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Independently, Sohmer and feinmesser ( 1970) reported findings that further 

encouraged the widespread clinical investigation of this evoked potential--the auditory 

brainstem response (ABR). These authors compared responses recorded from clip 

electrodes to those recorded from needle electrodes for each of 15 subjects. They found that 

the clip electrodes were more convenient, provided a lower Inter-electrode resistance, and 

caused less discomfort. The only advantage of the needle electrode was a slightly larger 

response amplitude. 

Once the ABR was identified as a reliab ly recorded auditory evoked potential, 

applications of this technique prol1ferated (Rowe, 1981). Hecox and Galambos ( 1974) 

reported obtaining reliable ABRs with limited between-subject variability from 35 

infants aged 3 weeks to approximately 3 years. They reported finding decreasing latency 

with increasing age, with latencies similar to adults' being obtained between 12 and 18 

months of age. These findings demonstrated a method for evaluating the function of the 

peripheral auditory mechanism in very young children, a finding that revolutionized 

pediatric audiometry (Jerger, 1987). 

other investigations expanded the application of ABRs to the diagnOSis of neurological 

disease. Starr and Achor ( 1975) reported abnormalities of ABR amplitude and latency that 

were found (at autopsy) to correspond with structural damage to the auditory brainstem 

pathways resulting from tumors and encephalomalacia of the midbrain and pons. 

Subsequently, Starr and Hamilton ( 1976) reported results obtained from 10 p6t.ients 

whose lesions were defined at autopsy or at surgery. Robinson and Rudge ( 1975) 

demonstrated the potential use of ABR in the diagnosis of multiple sclerosis when they found 
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abnormal responses in 22 of 30 patients studied. More recently, Schwartz, Bloom, and 

Dennis ( 1985) reported the use of serially recorded ABRs to monitor the functional 

integrity of the auditory pathway during brainstem neurosurgery. ABRs have also been 

used as indicators of the effectiveness of amplification (Kileny, 1982), as well as a means 

by which to select a hearing aid (Hecox, 1983)--although these applications remain 

controversial. 

From this brief review, it is apparent that theABR has gained widespread application 

since it was first described. Typical clinical use of this technique involves obtaining an 

ABR from a subject, measuring the latency of the individual peal< ( s) of interest, and 

comparing the obtained latencies (or derivations thereof, such as interpeal< intervals) to 

some set of normative values. 

The use of norms against which to compare an obtained value rests on at least two 

major assumptions. First, one who uses this approach inherently assumes the existence of 

characteristic latency values among normal subjects that can be approximated with 

sufficient sampling. This assumption relates to the range of normal variability seen 

between subjects within the same study or between studies. The second assumption is that 

ABR latency values obtained from any Single individual are stable. This latter assumption 

relates to the range of variability seen within each subject in the normative sample. If 

variability exists between or within normal subjects, then the range of normal values 

must be described as completely as possible to aid in the interpretation of test results. 

Between-subject variab11ity of the ABR, which 1s generally attributable to technical 

factors or subject characteristiCS, has received more attention than has within-subject 



variability. This is not surprising, because the primary clinical application of the ABR 

currently is the detection of audiologic or neurologic abnormalities based on recordings 

obtained during a single session. 

Sources of variabjlity in ABR Latency 
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Stockard, Stockard, and Sharbrough ( 1978) published the first comprehensive 

investigation of nonpathologic factors affecting the ABR. They grouped variables into (a) 

physiologic factors (age, sex, and bOOy temperature), (b) otologic factors (audiogram 

configuration), (c) technical factors related to stimulus character1stics and recording 

techniques, and (d) pharmacologic factors. Since that paper was published, significant new 

variables have not been discovered. Compare the variables listed by Stockard et a1. with 

those listed by Glattke ( 1983), who grouped variables into (a) recording methroology, 

including stimulus characteristics and recording techniques, and (b) subject 

characteristics (age, gender, body temperature, and drugs). 

Because the current study was concerned with the variability of ABR latency in 

normal subjects, several of these sources of variability are not pertinent. For example, 

"bOOy temperature" effects were demonstrated in situations involving hypothermia and 

"Otolc.;J1c factor's" were changes associated with hearing loss. Both hypothermia and hearing 

loss are, by definition, abnormal states and are not pertinent to stUdies of normal subjects. 

l ilcewise, "pharmacologic factors" (anesthetics, ototoxic drugs, chronic alcohol abuse, lind 

drugs affecting specific neurotransmitters involved in ABR generation and modulation) are 

not likely to be encountered among normal subjects--especially children. Finally, the 



most distinct ABRs are obtained using unfiltered clicks (Rosenhamer, L indstrtim, & 

Lundborg, 1978). Because the current study employed click stimuli, studies employing 

stimuli other than clicks (e.g., tone pips or tone bursts) will not be reviewed. 
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A number of sources of variability that are known to affect ABR latency in groups of 

normal subjects remain: (a) technical factors related to stimulus characteristics; (b) 

technical factors related to recording techniques; and (c) subject characteristics. The 

effects these lactors have upon ABR latency are well documented. 

Technical Factors Related to Stimulus Characteristics 

Stimulus rate. Both the amplitude and the latency of the ABR are affected by changes 

in the rate of stimulus presentation. In general, the amplitude of the early ABR components 

(waves I-IV) decreases with increasing stimulus rates (Beagley & Sheldrake, 1978; 

Jewett & Williston, 1971; Picton, Hillyard, Krausz, & Galambos, 1974; Thornton & 

Coleman, 1975). As a result of decreased amplitude, ABR components other than wave V 

may be difficult to identify (Beagley & Sheldrake, 1978), particularly at click rates 

greater than 30/s (Glattke, 1983). 

The latency of all ABR components increases with increasing cliCK rates (Don, Allen, 

& Starr, 1977; Rowe, 1978; Stockard et aI., 1978; Thornton & Coleman, 1975). Latency 

shifts as large as 900 ~s have been reported for wave V when the click rate was increased 

from 1 O/s to 1 OO/s (Don at a1., 1977). Higher presentation rates also result in increased 
< 

interpeak latencies (Stockard et aI., 1978), although this effect is more pronounced in 

newborns than 1n adults (Stockard, Stockard, Westmoreland, & Corflts, 1979). In 

general, wave V is the least affected component (Glattke, 1983; Jewett & W111iston, 1971 ; 



Thornton & Coleman, 1975). Its latenc.y is not substantially changed by the use of click 

rates up to 25-30/s (Glattke, 1983). 
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Stimulus mode. For diagnostic purposes, it is customary to test only in the monaural 

mode (Jerger, Oliver, & Stach, 1985). Separate monaural recordings allow interaural 

comparisons of ABR symmetry (Stockard et al., 1978), thus enabling the cliniCian to 

determine the normalc.y of eoch ear (Jerger et al., 1985). This use assumes two 

independent AB R generators (or sets of generators), one for eoch ear. 

Dobie and Norton ( 1980) proposed that, if two independent ABR generators are 

operating, then responses to binaural stimulation would be predfcted by the algebraic 

summation of the responses to monaural stimulation. When the comparison was made, 

results did not match this prediction. One possible interpretation of the lack of agreement 

is that there is some interaction between the two monaural ABR generators. More 

information is needed regarding the nature of the ABR in response to binaural stimulation. 

Stimulus phase. There is less agreement in the literature regarding the effects of 

changing stimulus phase (or polarity) upon ABR latenc.y than those of other technical 

factors (Jerger et al., 1985). Coats ( 1978) reported negligible differences in ABRs 

obtained using condensation, rarefaction, and alternating clfck polarity. Rosenhamer, 

l indstrtim, and lundborg ( 1978) compared the latencies of ABR waves I, III, and V obtained 

using these three phase presentations at two intenSity levels (60 and 80 dB SL) and found 

only the alternating versus condensation polarity at 80 dB Sl for wtNe III to differ 

sfgnificant ly. 

In contrast, Stockard et a1. ( 1979) reported that rarefaction clicks presented at 70 
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dB SL elicited an earlier wave I than did condensation clicks in 61 ~ of their normal adult 

subjects. The latenL)' of wave I was most sensitive to stimulus phase changes, and the 

latenL)' of wave V was least sensitive. Similarly, Stockard et al. ( 1978) reported that, 

although wave V latei'lL)' did not change in most cases, latencies of other ABR peaks tended to 

decrease with rarefaction clicks and increase with condensation clicks. As a result, 

interpeak intervals differed by as much as 300 ~s in the same normal individual as a 

function of click phase changes. Considerable intersubject variability in this pattern was 

noted, with some subjects showing a reverse pattern and others showing both increased 

latenL)' of some components and decreased latency of other components with a given phase 

change. Finally, cancellation or "smearing" of the peaks occurred in many normal subjects 

when stimuli with alternating polarity were employed (Stockard et a1., 1979). 

Stimulus intensity. LatenL)' of the major ABR peaks varies systematica11y with 

stimulus intensity (Glattke, 1983), with decreasing intensity result ing in increased 

latency (Thornton & Coleman, 1975). The rate of change for wave V is 400- 600 ~s per 

1 O-dB step between 10 and 50 dB SL, slowing to 1 00-300 ~s per 1 O-dB step above 60 dB 

SL (Glattke, 1983). For click stimuli, the rate of change for the other peak latencies is 

similar to that of wave V (Glattke, 1983); therefore, interpeak 'intervals are relatively 

independent of click intensity over a wide intenSity range (Stockard et a1., 1978). 

Further, increasing stimulus intensity enhances the resolution of wave I (Stockard at 

a1., 1978). Rosenhamer et a1. ( 1978) reported that the most stable feature of ABRs was 

the replicability of waves I, III, and V when recorded at suprathreshold levels. 



16 

Technical Factors Related to Recording Technigues 

Electrode location. Electrical activity from virtually any part of the brain may be 

detected at the scalp when a satisfactory activity-synchronizing method involving a signal 

averaging process is used (Jewett and Williston, 1971). The'majorityof investigators use 

differential electrroes--termed "noninverting", "inverting", and "common" as suggested 

by Glattke ( 1983)--to record ABRs. The question of optimal electrode placement for 

recording the ABR has been addressed by a number of authors. 

Regarding the placement of the noninverting electrode, van Olphen, Rodenberg, and 

Verwey ( 1978) compared responses obtained 810ng two anatomical axes: nasion-vertex

inion and mastoid process-vertex-mastoid process. They reported that maximum 

responses were found at the vertex, a finding supported by Terkildsen and Osterhammel 

( 1981) and Beattie, Beguwala, Mills, and Boyd (1986). Parker ( 1981) also reported 

that the best location for recording waves I and V together was at the vertex. 

Regarding the placement of the inverting electrode, the preferred site is the 

ipsilateral ear (Terkildsen & Osterhammel, 1981). Although other sites (the ipsilateral 

neck and the spinous process of the seventh cervical vertebra) were found to provide 

greater wave V amplitudes, no differences in latencies were found among these various sites 

(Beattie et a1., 1986). The use of a contralateral reference may separate a blended IV-V 

complex (Glattke, 1983); however, the use of an ipSilateral reference favors enhancement 

of the early Wt!Nes (Glattke, 1983; Terkildsen & Osterhammel, 1981), especially wt!Ne I 

(Picton et a1., 1974). Besides the loss of wave I, a subtle phase shift of the other ABR 

components occurs when the inverting electrode is changed from the ipsilateral to the 
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contralateral ear (Glattke, 1983). Usually, the effect of this phase shift is to decrease the 

interpeal< interval of waves II-III and increase the interpeal< interval of waves IV-V 

(Stockard et at, 1978). 

One other consideration regarding the placement of the inverting electrlXle is the site 

of the e1ectrocle. Both mastoid and earlobe locations are frequently employed. Placing the 

electrlXle on the earlobe (vs the mastoid) minimizes muscle artifacts, which are the 

greatest source of noise variability (Stockard et al., 1978). Further, placing the electrode 

on the medial lobe (vs the lateral lobe) slightly reduces stimulus electrical artifact and 

results in the highest-amplitude wave I (Stockard et a1., 1978). 

Regarding the pl~ment of the common electrocle, sites employed include (a) the 

mastoid, earlobe, or neck contralateral to stimulation, and (b) the forehead. Beattie et at 

( 1986) found no differences in latencies among these various sites. Electrode montages 

including either forehead or contralateral neck placement of the common electrocle were 

found to provide greater wave V amplitude than other placements (Beattie et aI., 1986). 

Two major benefits accrue to placing the common electrode on the forehead. First, the 

inverting and common leads do not have to be reversed when stimulus presentation is 

changed from one ear to the other, as 1s the case when the contralateral mastoid or the 

contralateral earlobe is used. Second, placing the common electrode on the forehead (and 

the noninverting electrode at the vertex) enables one to place inverting electrodes both 

ipsilateral and contralateral to the stimulus (for monaural stimulation). Thus, an 

1psl1aterally referenced and a contralaterally referenced ABR can be recorded 
~ 

simultaneously. 
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Signal-to-noise characteristics. Absolute amplitudes of the surface-recorded ABR 

are small, having magnitudes less than 1 ~v (Schwartz & Berry, 1985). These amplitudes 

are, at most, only 1 ~ of the amplitudeofon!Jling EEGactivity (Stockardet a1., 1978). 

Several methods exist for eliminating unwanted electrical activity and enhancing the ABR, 

thereby improving the signal-to-noise ratio (Schwartz & Berry, 1985). These methods 

include electrode placement (discussed above) and bandpass filtering (discussed below). 

However, the single most powerful tool for improving the signal-to-noise ratio of the ABR 

is time domain averaging (Thornton, 1982). 

When records of serial samples of electrical activity are averaged, ranoom activity 

(noise) is cancelled, allowing time-locked activity (signal) to be visualized. The number 

of samples that must be obtained to ensure clear response resolution depends upon the 

amplitude of the desired response and the amount of noise present. The signal-to-noise 

ratio improves in proportion to the square root of the number of samples. Generally, a 

clear ABR appears within the initial 500 to 1000 samples due to a sufficient reduction of 

noise in the record (Stockard et al., 1978). Although some clinicians (e.g., Sohmer & 

Zuckerman, 1979) rely on averages of 1000 samples, the more commonly accepted 

pracUce is to obtain an average of 2000 samples (Jerger et al .• 1985; Schwartz & Berry. 

1985; Stockardet a1., 1978). 

Filter settings. The filters used with the preamplification system make an important 

contribution to the reduction of unwClnted noise (61Clttke, 1983). In the C8SB of ABRs, the 

noise is oominated by low frequencies due to relatively slow EM6 sources, although 

high-frequency noise may also be present (Kevanishvili & Aphonchenko, 1979). 
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Differences in filter settings may explain, in part, the variations in normative values for 

ABR latencies that are reported from different laboratories and clinics (Schwartz and 

Berry, 1985). 

Increasing the lower cutoff frequen~ results in prcgressive decreases in the latencies 

of all ABR waves (Boston & Ainslie, 1980; Laukli & Malr, 1981; Schwartz & Berry, 

1985; Stockard et a1., 1978). Conversely, decreasing the upper cutoff frequen~ results 

in prcgressive laten~ increases of all ABR waves (Boston & Ainslie, 1980; cacace, Shy, & 

Satya-Murti, 1980; Lauk1i & Mair, 1981; Schwartz & Berry, 1985; Stockard et a1., 

1978). 

Although some authors have reported that decreasing the high-frequen~ cutoff 00es 

not affect interpeak intervals (Cacace et aI., 1980; Laukli & Mair, 1981 ; Stockard et al., 

1978), lowering the high-frequen~ cutoff below about 3000 Hz results in greater phase 

shifts in the fester components (Glattke, 1983). Further, lowering the cutoff below 1500 

Hz may disrupt waveform morpho1CXJY substantially, with wave V remaining as the only 

remnant of the ABR (Schwartz & Berry, 1985). 

Regarding the selection of filter settings, Laukli and Mair ( 1981) recommended the 

use of a wide bandwidth. However, more noise Is passed as the bandwidth is Increased 

(especially to the lower frequencies), confounding ABR resolution (Sohmer & Zukerman, 

1979). To reduce low-frequency EMG noise, the low-frequency cutoff should be set at 100 

Hz or higher (Glattl<e, 1983). Bandwidths of 100-3000 Hz (Jerger et a1., 1985; 

Stockard et al., 1978) or 150-3000 Hz (Schwartz & Berry, 1985) have been proposed 

for optimal clinical recording of ABRs. 
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Finally, the type of filters used can affect latenGY. Because analog filters introduce 

significant nonlinear phase shifts, they have a pronounced effect upon the waveform, 

resulting in latenGY changes (Boston & Ainslie, 1980; Schwartz & Berry, 1985). Such 

phase shifting may be minimized or even eliminated through the use of digital filters 

(Boston & Ainslie, 1980; Dawson & Doddington, 1973). 

Subject Characteristics 

~. ABRs have been recorded from infants as young as 25 weeks gestational age, if 

the stimulus is sufficiently intense (Starr, Amlie, Martin, & Sanders, 1977). In very 

young subjects, the peak latencies of all waves and the Intervals between major waves (Le., 

I-III, 1-V, and 111-V) are prolonged relative to ooult values (Salamy, 1984; Stockard et 

al., 1978). With increasing age, there is a progressive decrease in peak latencies 

(Salamy, 1984) and interpeak intervals (Stockard et al., 1978) attributed to maturation 

of the central auditory pathways (Salamy, 1984; Stockard, Stockard, & Coen, 1983). By 

2 to 4 years of age, both absolute and interpeak latenGY values for the ABR waves assume 

characteristics similar to those obtained from ooult subjects (Glattke, 1983; Sal amy , 

1984; Stockard et al., 1978). 
. 

Although a single set of latenGY norms Is considered applicable to individuals from 

about the third year through the sixth or seventh decade (Glattke, 1983), the literature 

suggests that latencies begin to increase grooually with age beyond the fourth year. Allison, 

Wood, end eoff ( 1983) found significant increases in the peak hrtencies of 811 ABR waves 

and in the I-III and 1-V interpeak intervals ecress subjects ranging in age from 5 to 95 

years of age when linear regression lines were plotted as a function of age. others have 



reported longer peak latencies (Kjaer, 1980) and interpeak intervals (Stockard et al., 

1978) in subjects older than 50 years of age. Rosenhamer, Lindstrom, and Lundborg 
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( 1980) found no differences in interpeak intervals between their two groups of subjects 

(females and males; mean ages : late-twenties vs late-fifties); however, they did find 

significant increases in the absolute peak latencies when results were compared for their 

younger and older female subjects. Beagley and Sheldrake ( 1978) also reported 

significant increases in peak latencies across the second to eighth decades of life. Although 

statistically significant, the absolute latency differences are small (Beagley & Sheldrake, 

1978), on the order of 100-200 us (Rosenhamer et al., 1980). 

Sex . Among newborns (Houston & McClelland, 1985; Stockard et a1., 1979; Stockard 

et al., 1983) and chi Idren up to 4 years of age ( Houston & McClelland, 1985), no 

significant latency differences were found between females and males. With increasing age, 

differences do appear, although there is lack of agreement regarding the nature of the 

differences. 

Stockard et al. ( 1978) reported that females have significantly shorter interpeak 

intervals than age-matched males for those interpeak intervals that include WBVe V. This 

result would be expected if wave V latency was differentially affected. Indeed, Beagley and 

Sheldrake ( 1978) found significantly shorter WBVe V latency among females. 

Michalewski, Thompson, Patterson, Bowman, & Litzelman ( 1980) reported that only wave 

V showed significant latency differences between female and male young adult subjects. 

Conversely, Rosenhamer et al. ( 1980) reported significant differences between males and 

females in peak latenCies, but no signifiC6nt interpeak interval differences. 
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Allison et al. ( 1983) collected ABRs from 130 male and 156 female subjects ranging 
-

in age from 4 to 95 years and found that all peak latencies and all interpeak intervals 

(except I-II) were significantly longer in males than in females. Houston and McClelland 

( 1985) reported that the differences observed between 1 O-year-old males and females 

approached those seen in adults, although none of their 1 O-year-olds showed any of the 

hormonal changes associated with puberty. As previously suooested (Stockard et a1., 

1978), Allison et a1. ( 1983) reported that brain size was the relevant variable 

under lying sex differences (;'e., correcting for differences in brain-size ratio accounted 

for all male-female differences in latenLY). Jerger and Johnson ( 1988) list two other 

factors that are suooested to contribute to the differences observed in males' and females' 

ABR latencies: differences in body temperature; and differences in hormonal milieu (most 

notable post-pubescence). 

Many of the reported differences were highly statistically significant; however, the 

actual magnitude of the differences was quite small, on the order of 200 IlS or less. 

Although Significant interactions between sex and hearing loss have been recently reported 

(Jerger & Johnson, 1988), these differences (like age effects) are generally considered 

negligible in practical terms for most ABR applications (Beagley & Sheldrake, 1978). 

Summary Re: Sources of Variability 

Evaluation of ABR findings requires knowledge of normal ABR characteristics, which 

tokes into account (a) the variability due to differences in stimulation, recording, ClOd 

subjects, and (b) the range of normal tnter- and tntrasubject variability (Bergho1tz, 

1981). The first of these is well OOcumented. Lil<ewise, the range of normal intersubject 
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variabihty of ABR latencies is also well OOcumented (e.g., Chiappa, Gladstone, & Young, 

1979; Kendall & Lawes, 1978; Kjaer, 1979; Rosenhamer & Holmqvist, 1982; 

Rosenhameretal.,1978;Spreng, 1980;Stoc:kardetal., 1979; Thornton, 1975). Indeed, 

virtually all clinical applications of the ABR are based upon our knowledge of the range of 

normal intersubject (i.e., between-subject) variability. It is this range of variability to 

which obtained latenc.y values are compared during the evaluation of ABR findings. This 

leaves one other source of variability that must be taken into account: intrasubject (i.e., 

Within-subject) variability. 

Within-subject Variability 

Few articles have attempted to address within-subject variability of ABR latencies. 

Perhaps the lack of attention paid to within-subject variability of ABR latencies can be 

attributed to some seminal papers that minimized this source of v8f'iability. For example, 

Jewett and Williston ( 1971) reported that "responses from the same individual were 

remarkably consistent" (p. 687), even when the recordings were made 6 months apart. 

They attributed run-to-run differences to "variability from uncontrolledsystematic 

variations In the response [Italics ~], from '" varIatIons In the sIgnal, or from noIse" 

(Jewett & Williston, 1971, p. 694). Although these authors alluded to within-subject 

variability, they did not describe such variability quantitatively nor did they encourage 

such research, although theirs was the first description of the ABR published in this 

country. 

Later, Robinson and RultJe ( 1975) reported that ABR WfNes I-V "are reliably 
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recorded in healthy subjects and they are highly consistent from run to run" (p .. 1164). No 

data were presented to support this statement, nor were any references cited. Stockard et 

al. ( 1978) stated that "intra-individual variability of [ABRs] is largely due to technical 

factors" (p. 179) and went on to specify that "intertrial variability in [ABRs] is mainly 

due to variability in the 'noise' or to 5)'Stematic variations in the signal" (p. 206). 

Only two articles (Edwards, Buchwald, Tanguay, & Schwafel, 1982; Lauter & Loomis, 

1986) have reported studies nominally designed to investigate within-subject variability. 

Three other articles (Chiappa et at, 1979; Rosenhamer et al., 1978; Stockard et a1., 

1979) made limited mention of the topiC. 

A cursory review of the findings from these studies of within-subject variability of 

ABR latencies would appear to support the contention that such variability is negligible. 

Rosenhamer et al. ( 1978) and Chiappa et a1. ( 1979) found no statistically Significant 

latency changes from one session to another. Among 98 within-session comparisons, 

Edwards et a1. ( 1982) reported that only 3 demonstrated statistically significant 

variability, a finding they attributed to chance. Stockard et a1. ( 1979) reported stable 

ABR latencies over "several" sessions. Lauter and Loomis ( 1986) reported results that 

suggest the relative variability of the latencies of the five ABR peaks is stable for at least 

some adult subjects. Thus, one might conclude that ABR latencies within a given subject do 

not vary appreciably within a single session or across several sessions. However, a more 

cereful review of these studies reveals limitations to the conclusions. (The general design 

of these studies is summarized in Table 1.) 

Rosenhamer et a1. ( 1978) calculated means and standard deviations across subjects 
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for the latency differences (Session 2 - Session 1) of ABR waves I, III, and V, and then 

tested for significance using paired 1 tests. Although these authors did provide an estimate 

of test-retest reliability within a small. group of subjects across a specified time interval, 

they did not address the reliability of ABR latencies within subjects. Further, the 

conclusions reached by these authors were based on only three comparisons, one for each 

peak. 

The study by Chiappa et a1. ( 1979) also compared results obtained at two sessions. 

However, the method of analysis WBS not specified, which limits interpretation of the 

results. Analyses described in other parts of this paper imply that latency measures were 

averaged across subjects. If such were the case, then this investigation reported 

test-retest reliability within a small group of subjects rather than within single subjects. 

I n a study designed to investigate (a) cl ick phase and ( b) side of recording as sources 

of variability, Stockard et a1. ( 1979) found 5 of 64 subjects who revealed a "distinctive" 

phase effect in the interpeak intervals, peak amplitudes, and morpholDl{ of their ABRs. 

The authors based their conclusions regarding variability of ABR latencies upon data 

collected from this small unusual subgroup. Neither the data nor the results of analyses 

(student's 1 tests and ANOVAs) were reported; therefore, it is not known if absolute 

latencies or raref~tion-condensation differences remained stable. Although these authors 

moved beyond a two-point comparison, they did not define the term "several sessions." 

They reported that measures were averaged; however, which measures were averaged were 

not spectfted. Thus, this appears to be another investigation of the test-retest re1tabllity 

of ABR latencies within a small, unusual group of subjects. 
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Table 1 
General Characteristics of Studies Nominally Reporting Within-subject Variability 

number of intersession 
study stimuli subjects sessions interval 

1. alternating- 6; age* & sex not 2 6 months 
polarity clfcl<s; reported 
16.67/s; 80 dB SL; 
filters O. 18-4.5 k.Hz 

2. clicks; 10/s; 8; age* & sex not 2 2-9 months 
60 dB SL; filters reported (mean = 4.8) 
0.1-3 kHz 

3. rarefaction c lIcl<s; 5; age* & sex not 'several' 2-3 months 
1 0-80/s; 70 dB SL; reported 
filters O. 1-3 kHz 

4. rarefaction clicks; 10 (2 females, 8 2 11 0- 188 days 
20/s; 72 dB HL; males); 22-42 (mean = 146) 
filters O. 1 - 3 kHz years old 

5. condensation cl1cl<s; 7 ( 4 females, 3 8 1 weel< 
11. 1 Is; 80 dB nHL; males); ege** 
filters O. 15-3 kHz 

References for studies: 1. Rosenhamer et al. ( 1978); 2. Chiappa et a1. ( 1979); 
3. Stockard et a1. ( 1979); 4. Edwards et a1. ( 1982); 5. Lauter & Loomis ( 1986). 
* ~ not specified, although age range for the larger sample is reported. 
** N}3 specified as ''young adults". 
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Subject characteristics were not described sufficiently in any of these studies to 

permit generalizability of the findings. further, data were averaged (or, in the case of 

Chiappa et al., appear to have been averaged) across subjects prior to analysis. Thus, the 

results obtained in each of these stUdies relate to test-retest reliability of ABR latencies 

among a small group of subjects. However, none of these studies reported results that 

describe within-subject variability of ABR latenc.y. 

Edwards et a1. ( 1982) obtained six ABRs per subject at each of two sessions, allowing 

calculation of a within-subject mean and standard deviation for each peak latenc.y for each 

session. These data revealed that the majority (75.5~) of the within-session standard 

deviations were less than or equal to 0.1 ms. In only two cases, once for wave II and once 

for wave IV, did the within-session standard deviations exceed 0.2 ms for any subject. 

Edwards et a1. then analyzed the data, using "a large number" of ANOVAs, to determine 

whether significant differences existed " ... in the latenc.y of any wave for any subject with 

or across the 6 month inter-test interval ... " (p. 126). This methocl of analysis is 

problematic in that the authors appear to have performed ANOVAs on each subject, thus 

Violating the assumption of independence. Because further description of the analyses was 

not provided, it is not possible to determine if such was the case. tiowever, if it was, then 

their results and conclusions are suspect. 

Lauter 8< Loomis ( 1986) also employed a repeated-measures design that would have 

allowed a description of within-subject variability of ABR latencies over time. However, 

the data were not analyzed to determIne whether dIfferences In ABR latencIes exIsted; nor 

were data presented that would allow this analysis to be performed. Instead, profiles of 
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relative within-subject variability of ABR latencies were constructed using the inverse of 

the coefficient of variation--a value subsequently named the coefficient of stability, or Cs 

(Lauter & Loomis, 1988). Most of the data presented by Lauter & Loomis ( 1986) 

represented values averaged across subjects. However, they did report comparisons of 

within-subject "Cs profiles", with one profile representing Cs values obtained from the 

first 4 sessions and the other profile representing Cs values from the second 4 sessions. 

Among 21 such comparisons (7 subjects x 3 stimulus mocles), seven of the pairs showed 

replicability (i.e., the Cs values obtained from the second 4 sessions were apprOXimately 

equal, peak by peak, to the Cs values obtained from the first 4 sessions). In six of the 

pairs, larger Cs values (i.e., decreased variability) were obtained for one or more peaks 

from the second 4 sessions than from the first 4 sessions. In the other eight pairs, smaller 

Cs values ( i.e., increased variability) were obtained for one or more peal<s from the second 

4 sessions. These findings suggest that the relative variability of ABR peal< latencies may 

remain constant for some adult subjects over a perioo of two months. However, for the 

majority of these subjects, the relative variability was not constant. 

Summary 

The ABR has become a valuable procedure to aid in the diagnosis of disorders affecting 

the auditory nervous system. At present, ABR audiometry is the most widely used 

elec:trophysiologic measurement in audiology. In addition to its use in the di8QllOSis of 

brainstem lesions, the ABR is used in many screening pr~rams as the method of choice to 

estimate the hearing status of individuals at ris\< for hearing loss, especially neonates and 
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infants. For either use, "it is important to verify as completely as possible the range of 

normal values seen in the test as it is clinically performed" (Chiappa et a1., 1979, p. 87), 

because "it is the range and limits of normality that are relevant in [the] diagnostic 

app li cati on of the [ABR]" (Stockard et a1., 1979, p. 827). Abnormalities of ABR latency 

are often subtle (Allison et al., 1983). Thus, it is importantto take into account as many 

factors as possible when assessing a subject's response, although the effect of any single 

factor may appear clinically unimportant. 

for between-subject comparisons, the normal variability of ABR latencies and factors 

contributing to that variability have been well documented. However, from this review, it 

is apparent that little is known about within-subject variability of ABR latencies. To 

determine whether such variability is a factor that needs to be considered during applied 

clinical studies, it is first necessary to describe more completely its nature and range 

among normal subjects. The purpose of the present study is to describe within-subject 

variability of ABR latencies. 

Research Quest ion 

The specific questlon to be oo:Jressed Is: what Is the nature of within-subject 

variability of ABR latencies in a sample of young, presumed normal subjects? 



~.~ 

CHAPTER 2 

METHODS 
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Nine male subjects were selected to participate in this study on the basis of the 

following criteria: (a) age between 10 years 0 months and 12 years 11 months; (b) 

normal development (by parent report) in academics, speech-language, and intelligence; 

and (c) negatlve history (by parent report) of significant otltis media during childhood. 

Significant otitis media was defined as a history of repeated ear infections sufficient to have 

required (a) the placement of pressure-equalization tubes or (b) the administration of 

prophylactic suppression drugs, during which 'brea~through' episodes of otitis media 

occurred. 

Subjects of this ~ were selected because they are old enough to (a) have achieved 

adult-like latencies, (b) cooperate with the experimenter, and (c) be beyond the age of the 

highest incidence and prevalence of otitis media. Subjects were recruited through 

advertisements distributed at a private elementary school and via personal acquaintances. 

Procedure 

For each subject, four biweekly sessions were scheduled. Sessions occurred at the 

same time of dBy for a given sUbject--to control for diurnal differences (Ker~hof, 

Korving, Wi11emse-v. d. Geest, and Rietveld,1980)--and, on the same day of the week. 

At each session, the same order of testing was followed using standard clinical 
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procedures. First, an otoscopic observation was used to assure that the external auditory 

meatus was clear. Second, a tympan()]ram was obtained using a Teledyne Avionics Model 

TA-3D Acoustic Impedance Meter, to assure that middle ear function was within normal 

limits bilaterally (defined as peak compliance between -100 and +50 mm H20). Third, 

behavioral audiometric thresholds were established using a Grason-Stadler Model GSI-16 

clinical audiometer, to assure that hearing sensitivity was within normal limits 

bilaterally (defined as thresholds 515 dB HL (re: ANSI S3.6-1969) at the audiometric 

test frequencies of 500, 1000,2000, and 4000 Hz). 

These 3 procedures- -otoscopic observation, tympanometry, and audiometry--served 

initially as subject selection criteria and subsequently as subject screening criteria. If 

any of the three criteria were failed at the first session that potential subject would have 

been excluded from the study. This did not occur. At any subsequent session, failure of any 

of the three resulted in (a) cancelling that sesSion, (b) making appropriate referrals, and 

(c) postponing the cancelled session, as well as subsequent session( s), by 2 weeks. This 

occurred once. Only one cancelled session per subject was permitted. Failure of any of the 

screening procedures at a second session would have resulted in the dismissal of that 

subject from the study. 

Upon completion of data collection, subjects were paid $7.50 per session for their 

part iei pat ion. 

ABRs. Following administration of preliminary tests, ABRs were obtained. Five 

averages were obtained during each session for each mroe of stimulus presentation, 

monaural right, monaural left , and binaural. 
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The stimuli were 100 JlS condensation clicl<s presented at an intensity of 80 dB nHL 

end a rate of 23/s through TDH-39P earphones with P /N 51 OCO 17-1 cushions. 

Calibration following data collection revealed that an 80 dB nHL click yielded 105 dB 

peak-equivalent SPL relative to a 4000 Hz tone. For each subject, the order of stimulus 

presentation (i.e., right. left, and binaural) was randomized across all sessions to control 

for potential order effects. 

Ten-millimeter silver disk recording electrodes were placed at the vertex (Cz) and on 

the medial surface of each earlobe, with a common electrocle placed on the forehead. 

Standard electrocle cream (EC 2 Electrocle Cream. Gress Instrument Company. Quincy. MA.) 

was used. Electrocle impedance, measured several times during each recording session, was 

~5000 0, with differences between the electrodes ~3000 O. 

ABRs were obtained using a Nicolet Moclel CA-2000 system. Two-thousand samples 

were obtained using a time window of 10 ms post-stimulus onset. Fllters were set at 150 

and 3000 Hz (-3 dB ; 12 dB/octave roll-off). Artifact rejection criterion was set at 25 

JlV peak-to-peal<. Averages were stored on magnetic disk and analyzed off-line. Any 

response for which more than 200 samples were rejected during averaging was not stored, 

and a subsequent average was obtained. 

For purposes of measurement, Cz was referenced to the ipsilateral ear during 

monaural stimulation and to linked earlobes during binaural stimulation. Prior to 

obtaining each average, 6 control based on 1000 samples was recorded to document the 

noise floor for that subject at that time. In EOlition. a contralaterally referenced average 

was also obtained during monaural stimulation. 
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from each of the averages, the absolute latency of each of the ABR peaks was measured 

using a digital cursor with 20 J,lS resolution. Absolute latency was defined as the time 

interval in milliseconds from stimulus onset to the relative maximum of each wave (after 

Chiappa et a!., 1979; Edwards et al., 1982; Kjser, 1980; Starr et al., 1977). If the 

relative maximum consisted of a single point, the time period between stimulus onset and 

that point was taken as the absolute latency. If the relative maximum was a plateau of more 

than one point, absolute latency was determined in the following Wf1'l. When the plateau 

width was an odd number of points, the value of the median was tak.en as the absolute 

latency (e.g., 2nd of 3, 3rd of 5). If the plateau were an even number of pOints, then the 

point immediately preceding the median was taken as the absolute latency (e.g .• 1 st of 2, 

2nd of 4). This process of defining absolute latency was also used if (a) the relative 

maximum consisted of two equally high peak.s separated by one lower point or (b) the peak 

consisted of a "shoulder" on a larger wave complex for waves IV and V. 

Absolute latencies were measured for only one waveform per stimulus condition per 

subject at a time. Prior to measuring a second waveform for that stimulus condition for 

that subject, waveforms from a different subject were measured. In OO:Iition, peak. 

latencies for each waveform for a given stimulus cond1tion were recorded on separate 

sheets of paper. This was oone to control against measurement bias that might have 

occurred if (a) more than one waveform per stimulus condition was measured sequentially 

for any given subject or (b) latencies obtained from previously measured waveforms were 

known at the time of measurement. 

To estimate intrarater measurement reliability. one average for one stimulus 
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condition for one subject was ranoomly selected. Two months after the initial 

measurements, the absolute latencies of the five peaks in this average were re-measured 

five times each. (Results of these measurements are presented in Appendix A, p. 71.) The 

agreement among the five latency values for each of the five peaks was 1 OO~, as was the 

agreement between these values and the init1al measurements. 



CHAPTER 3 

RESULTS 

Data for 2700 individual peak-latenL-y values were collected (9 subjects x 4 

sessions x 5 runs x 3 stimulus mlXfes x 5 peaks). In two cases (.07JG), it was not 
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possib Ie to identify a particular peak; both cases (in different subjects) involved wave IV 

recorded in response to binaural stimUlation. This left a sample of 2698 individual 

peak-latenL-y values, upon which the results are based. 

Clarity of the averooes 

In the vast majority of the cases (96.4%), the peak of each individual wave was 

clearly defined as a relative maximum one, two, or three bins wide. In response to 

monaural stimulation I less than 3~ of the peaks for waves I-IV were four bins wide or 

wider. For wave V, 6.1 ~ and 5~ for left and right ear stimulation, respectively, were 

that wide. In response to binaural stimulation, peaks four bins wide or wider were 

encountered more often than in the monaural stimulus modes (2.8~, 5~, 4.4%, 8.9%, 

and 9.4~ for waves I-V, respectively). OVerall, 97 peaks (3.6~) were four bins wide 

or wider. Of these, 64 (66%) were four bins wide, 19 ( 19.6lf:) were five bins wide, 10 

( 1 0.3~) were six bins wide, and 4 (4.1 If:) were seven bins wide. 

The contralaterally referenced ABR, simultaneously obtained during monaural 

stimulation, proved useful during the measurement of peak latencies. This recording is 

generally used to help identify waves IV and V in the ipsilaterally referenced recording 
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when they occur as a "shoulder" on a larger wave (known as the IV-V complex). In this 

sample, this occurred 67 times ( 18.6jg) for wave IV and 6 times (1.7jg) for wave V. 

For the averages obtained during binaural stimulation, wave IV occurred as a shoulder 71 

times (39.4jg); wave V 10 times (5.6JG). 

In oo:Iltion, the contralaterally referenced ABR was occasionally used to help identify 

waves II-V. For left ear stimulation, this occurred 1 time for wave II, 12 times for wave 

III, 97 times for wave IV, and 19 times for wave V (0.6JG, 6. 7JG, 53. 9JG, and 10.6JG 

respectively). For right ear stimulation, this occurred 12 times for wave II, 10 times 

for wave III, 85 ttmes for wave IV, and 25 ttmes for wave V (6.7lt, 5.6lt, 47.2lt, and 

13.9~ respectively). Thus, especially for identifying wave IV, the contra1aterally 

referenced ABR was very helpful. 

Representativeness of the current subject sample 

At the stimulus intensity emplQYed in the current study (80 dB nHL). wave I would 

be expected to have a latency of 1.6-1.7 ms among normal-hearing subjects. with each 

subsequent wave occurring at approximately 1 ms intervals (Fria, 1980; Schwartz & 

Berry, 1985). Standard deviations of 0.2-0.3 ms have been reported for each of these 

values (Fria. 1980). 

To determine if the latencies obtained during the present investigation were 

comparable with those reported by previous studies, the latencies measured from the first 

ABR from the first session only were over8ged ecross subjects by stimulus mode (see 

Table 2). This procedure approximates that typically employed when gathering clinical 

normative data. The ~reement between the mean latencies in Table 2 and the expected 
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Table 2 

Mean latencies (and standard deviations) in ms, calculated as if the current data were 
being used to establish clinical norms. (i.e., 1 latency per subject per WfNe per stimulus 
mode averaged across subjects) 

Stimulus wave 

mode II III IV V 

Left 1.63 (.08) 2.70 (.11) 3.72 (.15) 4.80 (.22) 5.55 (.21) 

Right 1.63 (.08) 2.70 (.13) 3.74 (.17) 4.82 (.19) 5.61 (.17) 

Binaural 1.69(.14) 2.81(.14) 3.79(.15) 4.90(.25) 5.61(.21) 



latencies described above indicate that this sample is representative of normal-hearing 

subjects. 
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The assertion that this sample is representative further is supported by the 

distribution of the latencies (see Table 3). This distribution was calculated using the 

means obtained from the current sample ( 1.6 ms for wave I; 2.7 ms for wave II; 3.7 ms 

for wave III; 4.8 ms for wave IV; and, 5.6 ms for wave V) and a standard deviation of 0.2 

ms from the literature. A large majority (more than 75:&) of the latencies for waves I, 

II, and III fell within 1 standard deviation from the mean, regardless of stimulus mode. 

The distribution of latenCies for waves IV and V approximated that expected In a normal 

distribution. In response to monaural stimulation, latencies more than 2 standard 

deviations from the mean were obtained only for waves IV and V ( 1.4:& and 5.6SE, 

respectively). I n response to binaural stimulation, latencies more than 2 standard 

deviations from the mean were obtained for waves II, IV, and V (0.6SE, 3. 4SE, and 7.8Jt. 

respectively). (Complete tables of latencies are presented in Appendix B, p. 73.) 

Within-subject Distribution of Latencies 

Analysis of the distribution of latencies by wave for ecK:h subject was performed 

using the SPSSx (version 3.1) Statistical Program, "Descriptives" procedure. Peak 

latencies for all sessions were included. Thus, for ecK:h wave a sample of 20 values was 

obtained. For Subjects #4 and #5, each of whom had one missing latency velue for wfIt(e 

IV In response to binaural stlmulaUon, the missing value was replaced by the mean 

latency for that session and that condition. 
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Table 3 

Distribution of latencies obtained for the current study. (for each WffoIe, n= 180 per 
condition, except for wave IV in the binaural condition where n= 178) 

distance from the mean* 
Stimulus (re: S.D. = Q.2 ms2 

mode wffoIe UL ± 1 - ±2 ±2 - ±3 

LEFT 173 (96.1~) 7 (3.9~) 

II 169 (93.9~) 11 (6. Ill:) 

III 170 (94.4~) 10(5.6~) 

IV 97 (53.9ll:) 79 (43.9~) 4(2.2~) 

V 122(67.8~) 51 (28.3~) 7(3.9~) 

--------------------------------------------------------------
RIGHT 173 (96.1~) 7 (3.9~) 

II 165 (91.7~) 15 (8.3lt) 

III 146 (81.1~) 34 ( 18.9~) 

IV 118 (65.6lt) 61 (33.9lt) 1 (0.6~) 

V 127 (70.6~) 40 (22.2~) 13 (7.2~) 

--------------------------------------------------------------
BINAURAL 163 (90.6:t) 17 (9.4:t) 

II 149(82.8~) 30 ( 16.7~) 1 (0.6:t) 

III 142 (78.9lt) 38 (21.1 It) 

IV 126 (70.8:t) 46 (25.6:t) 6 (3.4:t) 

V 122 (67.8:t) 44 (24.4:t) 14 (7.8:t) 

* Under a normal distribution, 68.2~ of the responses fall within 1 standard deviation 
from the mean; 27.2:t between 1-2 standard deviations; and 4.2:t between 2-3 standard 
deviations. 
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Four properties of distributions are generally of interest in analyzing data: central 

tendency, variability, symmetry, and kurtosis (mass & Hopkins, 1984). The mean was 

chosen as the measure of central tendency. Two complementary measures of variability 

were chosen: the range and the standard deviation. Skewness is the measure of degree of 

asymmetry. Kurtosis is the measure of how peaked or flat a distribution is. These 

measures, along with the minimum and maximum latency values, are presented for each 

subject in Tables 4-12. 

Symmetry and kurtosis 

Skew. A normal distribution, being symmetrical, has a skew of zero. Negative skew 

indicates that the mean of a distribution is smaller than the median. Positive skew 

indicates that the mean is larger. 

For every distribution in the current investigation, the standard error of skew was 

0.512. With this value, confidence intervals (Cis) were constructed around zero to 

determine which distributions were sufficiently skewed to be considered significantly 

different than normal. For a 99~ CI, the cutoff values were ± 1.319 [i.e., 2.576 x (SE 

skew)]. Skew values outside the 99~ CI are so indicated by an asterisk in Tables 4-12, 

and are summarized in Table 13. 

Approximately one-tenth of the latency distributions obtained in response to each 

monaural stimulus condition and approximately one-sixth of the laten~ distributions 

obtained in response to the binaural stimulus condition were sufficiently skewed to be 

considered significantly different than normal at a .01 level of confidence. At least one 

significantly skewed distribution was obtained from each subject, except for Subject #6. 
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Table 4 

Distribution of latencies for Subject # 1 : minimum! min} and maximum {max}latencv; 
ran9§ of latencies; mean laten!::y and standard deviation--[all in ms1; skew and kurtosis of 
the distribution (presented by stimulus condition and wfNe) 

standard 
min max rBn9§ ID§D. deviation skew kurtosis 

LEFT 
W'CNe I 1.54 1.70 0.16 1.582 .043 1.391 * 2.035 

wave II 2.62 2.74 0.12 2.694 .041 -.440 -.879 

W'CNe III 3.58 3.68 0.10 3.647 .029 -.571 -.565 

WfNe IV 4.46 4.74 0.28 4.547 .068 1.168 2.228 

W'CNe V 5.28 5.46 0.18 5.363 .050 .361 -.120 

RIGHT 
WfNe I 1.58 1.70 0.12 1.680 .032 -1.922* 4.067* 

W'CNe II 2.52 2.74 0.22 2.646 .085 -.281 -1.475 

wave III 3.50 3.68 0.18 3.577 .049 .642 -.119 

W'CNe IV 4.38 4.80 0.42 4.585 .134 -.005 -1.239 

W'CNe V 5.26 5.46 0.20 5.352 .051 .101 .108 

BINAURAL 
W'CNe I 1.58 1.70 0.12 1.639 .038 -.716 -.666 

W'CNe II 2.52 2.76 0.24 2.693 .067 -1.752* 3.243* 

W'CNe III 3.50 3.68 0.18 3.621 .047 - 1. 769* 3.171* 

WfNe IV 4.38 4.74 0.36 4.633 .101 -1.473* 2.571* 

W'CNe V 5.32 5.40 0.08 5.367 .025 -.228 -1.266 

*Significantly different than normal at a .01 level of confidence. 
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Table 5 

Distribution of latencies for Subject #2: minimum {min} and maximum {max}laten£Y; 
rangg of latencies; mean laten£y and standard deviation--[all in ms]; skew and kurtosis of 
the distribution (presented by stimulus condition and wave) 

standard 
min max range . mean deviation skew kurtosis 

illI 
wave I 1.54 1.78 0.24 1.678 .067 -.359 -.513 

wave II 2.54 2.68 0.14 2.605 .043 -.007 -.745 

wave III 3.46 3.70 0.24 3.547 .054 1.281 2.305 

wave IV 4.38 4.76 0.38 4.563 . 111 -.156 -.621 

wave V 5.42 5.58 0.16 5.496 .051 .098 -1.184 

RIGHT 
wave I 1.58 1.72 0.14 1.630 .043 .277 -.947 

wave II 2.52 2.62 0.10 2.561 .031 .197 -.985 

wave III 3.62 3.72 0.10 3.678 .031 -.566 -.795 

wft.le IV 4.54 4.86 0.32 4.629 .073 1.855* 4.780* 

wave V 5.42 5.62 0.20 5.525 .053 -.206 .261 

BINAURAL 
wave I 1.60 1.72 0.12 1.650 .033 -.075 -.408 

wave II 2.58 2.70 0.12 2.647 .046 .185 -1.716 

wave III 3.66 3.86 0.20 3.701 .042 3.081* 11.779* 

wave IV 4.60 4.76 0.16 4.688 .071 -.288 -1.755 

wave V 5.54 5.62 0.08 5.595 .027 -.824 -.222 

*Significantly different than normal at a .01 level of confidence. 
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Table 6 

Distribution of latencies for Subject #3: minimum (min} end maximum (max} leten£::!; 
ran9§ of latencies; mean laten£::! and standard deviation--[all in ms]; SKew and Kurtosis of 
the distribution (presented by st1mulus cond1tion and wave) 

standard 
min max range mean deviation skew kurtosis 

LEFT 
wave I 1.56 1.98 0.42 1.679 .124 1.205 .577 

wave II 2.74 3.00 0.26 2.835 .087 .910 -.355 

wave III 3.82 3.98 0.16 3.871 .047 1.599* 1.581 

wave IV 4.68 5.16 0.48 4.936 .147 -.477 -1.002 

WeNeV 5.78 6.00 0.22 5.841 .054 1.713* 3.135* 

RIGHT 
wave I 1.64 1.96 0.32 1.759 .068 .909 3.538* 

WeNe II 2.80 3.08 0.28 2.925 .081 .448 -.244 

wave III 3.96 4.08 0.12 4.005 .043 .395 -1.558 

wave IV 4.76 5.20 0.44 4.968 .150 .205 -1.380 

wave V 5.88 6.10 0.22 5.966 .068 .619 -.451 

BINAURAL 
wave I 1.70 2.00 0.30 1.847 .092 .437 -.857 

wave II 2.82 3.14 0.32 2.951 .106 .462 -.942 

wave III 3.86 4.08 0.22 3.981 .067 -.115 -1.109 

wave IV 4.96 5.22 0.26 5.043 .078 .556 -.691 

wave V 5.84 6.06 0.22 5.960 .055 -.258 -.205 

*Significantly different than normal at a .01 level of confidence. 
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Table 7 

Distribution of l6tencies for Subiect #4: minimum {min} and maximum {max}laten~; 
ranlE of latencies; mean laten~ and standard deviation--[allin ms]; skew and kurtosis of 
the distribution (presented by stimulus condition and wave) 

standard 
min max ranlE mean deviation skew kurtosis 

J.ill 
wave I 1.54 1.72 0.18 1.651 .054 -.678 .218 

wave II 2.72 2.96 0.24 2.787 .070 .937 .311 

wave III 3.58 4.08 0.50 3.776 .186 .580 -1.202 

wave IV 4.44 5.20 0.76 4.704 .251 .776 -.804 

wave V 5.48 5.78 0.30 5.677 .059 -1.663* 6.227* 

RIGHT 
wave I 1.56 1.64 0.08 1.596 .022 .437 .069 

wave II 2.68 2.96 0.28 2.829 .081 -.200 -.711 

wave III 3.70 4.06 0.36 3.918 .132 -.857 -1.104 

wave IV 4.76 5.18 0.42 4.882 .123 .988 .391 

wave V 5.50 5.70 0.20 5.613 .062 -.425 -.948 

BINAURAL 
WeNe I 1.60 1.72 0.12 1.647 .025 .805 2.691* 

wave II 2.80 2.98 0.18 2.926 .045 -.909 1.720 

wave III 3.72 4.10 0.38 3.998 .119 -1.061 .081 

wave IV 4.56 5.30 0.74 4.926 .243 .648 -.934 

wave V 5.58 5.80 0.22 5.739 .068 -.834 -.350 

*Significantly different than normal at a .01 level of confidence. 
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Table 8 

Distribution of latencies for Subiect #5: minimum! min~ and maximum ! maxllaten~; 
ranoo of latencies; mean laten~ and standard deviation-- [all in ms]; skew and kurtosis of 
the dlstrlbutfon (presented by stfmulus condltfon and wave) 

standard 
min max ranoo mean deviation skew kurtosis 

LEFT 
wave I 1.56 1.64 0.08 1.594 .027 .468 -.762 

wave II 2.74 2.92 0.18 2.797 .057 .576 -.950 

wave III 3.52 3.68 0.16 3.591 .052 .434 -.991 

wave IV 4.38 5.04 0.66 4.635 .160 1.016 .667 

wave V 5.34 5.64 0.30 5.482 .076 .080 .217 

RIGHT 
wave I 1.50 1.64 0.14 1.578 .041 -.284 -1.295 

wave II 2.58 2.88 0.30 2.758 .082 -.761 .601 

wave III 3.54 3.64 0.10 3.573 .029 .458 -.508 

wave IV 4.48 4.86 0.38 4.661 .138 -.146 -1.666 

wave V 5.48 5.66 0.18 5.590 .061 -.346 -1. 103 

BINAURAL 
wave I 1.52 1.68 0.16 1.613 .049 -.154 -.989 

wave II 2.70 2.92 0.22 2.861 .043 -2.808* 10.637* 

wave III 3.56 3.60 0.04 3.582 .018 -.213 -1.852 

wave IV 4.50 4.94 0.44 4.641 .169 .916 -1.170 

wave V 5.34 5.66 0.32 5.516 .103 -.059 -.849 

*Significantly different than normal at a .01 level of confidence. 
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Table 9 

Distribution of latencies for Subject #6: minimum ~ min} and maximum {max}laten!;Yi 
rang§ of latencies; mean laten!;Y and standard deviation- - [all in msl ; skew and kurtosis of 
the distribution (presented by stimulus condition and wave) 

standard 
min max range mean deviation skew kurtosis 

LEFT 
WfNe I 1.56 1.70 0.14 1.652 .041 -.919 .685 

WfNe II 2.72 2.84 0.12 2.770 .043 .054 -1.340 

WfNe III 3.76 3.88 0.12 3.808 .041 .198 -1.405 

wave IV 4.68 5.18 0.50 4.980 .136 -.238 -.432 

wave V 5.82 6.08 0.26 5.976 .075 -.031 -.826 

RIGHT 
wave I 1.62 1.72 0.10 1.653 .030 1.091 .681 

wave II 2.70 2.84 0.14 2.801 .047 -1.012 .023 

wave III 3.66 3.88 0.22 3.806 .072 -1.034 .024 

wave IV 4.82 5.16 0.34 4.990 .095 -.291 -.718 

wave V 5.80 6.12 0.32 5.977 .097 -.382 -.690 

BINAURAL 
wave I 1.64 1.72 0.08 1.672 .035 .299 -1.898 

WfNe II 2.78 2.92 0.14 2.853 .044 .299 -1.031 

wave III 3.76 3.90 0.14 3.842 .051 -5.14 -1.090 

wave IV 4.86 5.18 0.32 5.049 .113 -.321 -1.459 

wave V 5.94 6.08 0.14 6.017 .048 -.060 -1.543 

*Significently different than normal at a .01 level of confidence. 
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Table 10 

Distribution of latencies for Subject #7: minimum {min} and maximum {max} laten~; 
rangg of latencies; mean laten~ and standard deviation--[all in ms]; skew and kurtosis of 
the distribution (presented by stimulus condition and wave) 

standard 
min max range mean deviation skew kurtosis 

LEFT 
W'eNe I 1.70 1.84 0.14 1.762 .043 .336 -.082 

W'eNe II 2.60 2.82 0.22 2.730 .069 -.476 -.673 

wave III 3.62 3.84 0.22 3.727 .067 .615 -.742 

W'eNe IV 4.46 4.96 0.50 4.772 .166 -1.079 -.190 

wave V 5.50 5.68 0.18 5.626 .053 -1.369* 1.417 

RIGHT 
W'eNe I 1.76 1.88 0.12 1.803 .037 .821 .313 

W'eNe 1.1 2.58 2.88 0.30 2.718 .080 .119 -.369 

W'eNe III 3.70 3.80 0.10 3.744 .026 .201 -.235 

W'eNe IV 4.76 4.94 0.18 4.861 .054 -.059 -.950 

W'eNe V 5.56 5.68 0.12 5.628 .035 -.424 -.299 

BINAURAL 
W'eNe I 1.76 1.84 0.08 1.798 .024 .805 -.297 

W'eNe II 2.68 2.88 0.20 2.802 .040 -1.379* 3.886* 

W'eNe III 3.70 3.76 0.06 3.737 .025 -.447 -1.470 

W'eNe IV 4.48 4.96 0.48 4.752 .186 -.454 -1.660 

W'eNe V 5.62 5.68 0.06 5.644 .026 .253 -1.793 

*Significantly different than normal at a .01 level of confidence. 
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Table 11 

Distribution of latencies for Subject #8: minimum (min} and maximum {max}latengyi 
ran~ of latenciesi mean laten~ and standard cleviatlon--[all in ms]; skew and kurtosis of 
the distribution (presented by stimulus condition and wave) 

standard 
min max range mean deviation sk.ew k.urtosis 

llII 
wave I 1.44 1.66 0.22 1.532 .077 .719 -1.050 

wave II 2.48 2.64 0.16 2.540 .055 .488 -.928 

wave III 3.54 3.70 0.16 3.617 .046 .203 -.277 

wave IV 4.58 4.84 0.26 4.671 .076 .482 -.656 

wave V 5.48 5.76 0.28 5.602 .080 .384 -.599 

RIGHT 
wave I 1.52 1.66 0.14 1.594 .042 -.161 -.767 

wave II 2.44 2.64 0.20 2.567 .056 -1.043 1.012 

wave III 3.58 3.76 0.18 3.628 .044 1.578* 3.281* 

wave IV 4.50 4.76 0.26 4.570 .077 1.238 .671 

wave V 5.56 5.72 0.16 5.643 .044 .312 -.549 

BINAURAL 
wave I 1.48 1.66 0.18 1.543 .069 .981 -.733 

wfI'le II 2.52 2.76 0.24 2.640 .081 .016 -.774 

wave III 3.60 3.82 0.22 3.706 .071 -.454 -1.211 

wave IV 4.56 4.84 0.28 4.778 .067 -2.015* 5.305* 

wfI'le V 5.52 5.72 0.20 5.582 .066 .900 .137 

*Significantly different than normal at a .01 level of confidence. 
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Table 12 

Distribution of latencies for Subject #9: minimum (min) and maximum (max) laten!;!y; 
ran~ of latencies; mean Jaten!;!y and standard deviation- -[a11 in ms]; skew and kurtosis of 
the dIstrIbution (presented by stImulus conditIon and wave) 

standard 
min max ran~ mean deviation skew kurtosis 

LEfT 
wave I 1.58 1.78 0.20 1.645 .040 2.129* 6.762* 

wave II 2.58 2.84 0.26 2.718 .056 -.235 1.353 

wave III 3.76 3.90 0.14 3.822 .044 .057 -1.056 

wave IV 4.58 4.88 0.30 4.721 .091 .280 -.659 

wave V 5.34 '5.84 0.50 5.550 .178 .356 -1.544 

RIGHT 
wave I 1.52 1.70 0.18 1.632 .054 -.817 -.680 

wave II 2.58 2.86 0.28 2.790 .084 -1.344* .684 

wave III 3.78 3.90 0.12 3.871 .031 -1.322* 2.176 

wave IV 4.50 4.94 0.44 4.705 .146 .397 -1.328 

wave V 5.40 5.78 0.38 5.612 .121 -.477 -1.113 

BINAURAL 
wave I 1.56 1.72 0.16 1.671 .052 -.724 -.492 

wave II 2.68 2.88 0.20 2.800 .059 -.267 -.812 

wave III 3.78 3.92 0.14 3.876 .045 -.483 -1.060 

wave IV 4.64 4.98 0.34 4.784 .140 .263 -1.813 

wave V 5.50 5.78 0.28 5.670 .080 -.273 -.631 

*Significantly different than normal at a .01 level of confidence. 
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Table 13 

Occurrences of skewed distributions (and their direction) that fell outside the 99~ 
confidence interval! presented by wave and stimulus condition (per cell, n=9) 

Stimulus wave 

condition II III IV V 

left 2 (positive) 0 1 (positive) 0 1 (positive) 

2 (negative) 

Right 1 (negative) 1 (negative) 1 (positive) 1 (positive) 0 

1 (negative) 

Binaural 0 3 (negative) 1 (positive) 2 (negative) 0 

1 (negative) 
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Five (28lt;) of the significantly skewed distributions were obtained from Subject # 1. 

The significantly skewed distributions were further analyzed to determine how they 

differed from normal. Relative to the mean and standard deviation of each significantly 

skewed distribution, the number of peak latencies that fell more than 2 standard 

deviations from the mean were identified (see Table 14). Two ( 11 It;) of these 

distributions ha:! a single score falling between 2 and 3 standard deviations from the mean. 

Five (28~) had two scores falling between 2 and 3 standard deviations from the mean. 

Six (33~) had a single score falling between 3 and 4 standard deviations from the mean. 

Five (28~) had a single score falling more than 4 standard deviations from the mean. 

Kurtosis. A normal distribution (termed "mesokurtic") has a kurtosis of zero. 

Distributions with negative kurtosis (termed "p 1atykurtic") have fewer extremely high 

or low scores than a normal distribution. Distributions with positive kurtosis (termed 

"leptokurtic") have more extreme scores than a normal distribution. 

For every distribution in the current investigation, the standard error of kurtosis 

was 0.992. With this value, Cis were constructed around zero to determine which 

distributions were significantly different than normal. For a 99~ CI, the cutoff values 

were ±2.555 [I.e., 2.576 x (SE kurtosis)]. Kurtosis values outside the 99~ CI are so 

indicated by an asterisk in Tables 4-12, and are summarized in Table 15. Every 

distribution that was significantly different than normal was 1eptokurtic. 

Fewer than one-tenth of the distributions obtained in response to each monaural 

sttmu1us condition and approximately one-fifth of the distributions obtained In response 

to binaural stimulation were sufficiently leptokurtic to be considered significantly 
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Table 14 

Number of peak latencies observed in the significantly skewed distributions that fe1l more 
than 2 standard deviations from the mean (of the respective distribution), presented by 
wave and subject (and, stimulus condition) 

wave 

Subject II III IV V 

# 1 (left) 

# 1 (right) 1* 

# 1 (binaural) 2 2 2 

#2 (right) 1** 

#2 (binaural) 1* 

#3 (left) 2 1* 

#4 (left) 1** 

#5 (binaural) 1** 

#7 (left) 2 

#7 (binaural) 1* 

#8 (right) 1* 

#8 (binaural) 1** 

#9 (left) 1** 

#9 (right) 1* 

*EQual to or greater than 3 standard devIations, but less than 4 standard devIations from 
the mean. 
**Equal to or greater than 4 standard deviations from the mean. 



Table 15 

Occurrences of leptokurtic distributions that fell outside the 99l't confidence interval, 
presented by wave and stimulus condition (per cell, n=9) 

Stimulus wave 

condition II III IV V 

Left o o o o 3 

Right 2 o o 

Binaural 3 2 2 o 
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different than normal at a .01 level of confidence. At least one significantly leptokurtic 

distribution was obtained from each subject, except for Subject #6. Four (27~) of the 

significantly leptokurtic distributions were obtained from Subject # 1. 

Variability 

Range of latencies. For each subject and each stimulus condition, the wave having the 

largest range of latencies was identified (refer to Tables 4-12). Wave IV had the largest 

range in 78~ of the distributions for the monaural-left and the binaural condition, and in 

89~ of the distributions for the monaural-right condition. Other waves that had the 

largest ranges were: wave V, monaural-left; wave II, monaural-right; and, waves II and 

III, binaural. 

Within each subject, for each peak, session, and stimulus condition, the range of 

latencies was compared with the across-session range. Generally, the latency range 

across sessions was greater than the latency range within any Single session for any given 

subject. However, on 29 occasions (21.5~), the range of latencies within one session 

was as large as the across-session range. The range of latencies in a single session was as 

large as the across-session range on at least one occasion for every subject. The 

distribution of these relat1vely wide s1ngle-session ran~ was tabulated by sess10n (see 

Table 16). Although cell sizes were too small to allow for meaningful statistical analysis, 

it was noted that 75~ or more of these relatively wide ranges were obtained from the 

first two sessions for each stimulus mOOe. Only two relatively wide single-session renges 

(6.7lf» were obtained In Session 4. 

Standard deviation. For each subject and each stimulus condition, the wave having 



Table 16 

Occurrences of within-session latency ranges as large as the subject's across-session 
latency range, presented by session. 

Stimulus session 

condition 2 3 4 

Left 6 3 2 

Right 4 2 

Binaural 5 3 2 o 

Note: For one subject, equally long ranges occurred in two sessions (# 1 & #2). Both 
were tabulated. Therefore, the total number of cases described in this table is 30. 
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the largest standard deviation was iOOnt ified (refer to Tab 1es 4-12). Wave IV had the 

largest standard deviation in 78~ of the distributions forthe monaural-left and the 

binaural condition, and in 6 7~ of the distributions for the monaura1- right condition. 

other waves with the largest standard deviations were: wave V, monaural-left; waves II, 

"I, and V, monaural-right; and, waves II and" I, binaural. 

Only 25 ( 19~) of the standard ciwiations exceeded 0.1 ms. Of those, 68~ were 

obtained for wave IV. Further, on ly 2 ( 1.5~) of the standard deviations equaled or 

exceeded 0.2 ms, a commonly reported value for between-subject standard deviations 

(Fria, 1980). Both of these were obtained for wave IV. 

Finally, the mean within-subject standard deviation was calculated for the "major" 

peaks (waves I, III, and V) by averaging the within-subject standard deviations across all 

subjects (see Table 17). For each of the major peaks, the mean within-subject standard 

deviation never exceeded 0.08 ms for any stimulus condition. 
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Table 17 

Mean within-subject standard deviations (across subjects) for the major ABR peaks (in 
ms). 

Stimulus wave 

condition III v 

Left 0.057 0.063 0.075 

Right 0.041 0.051 0.066 

Binaural 0.046 0.054 0.055 



CHAPTER 4 

DISCUSSION 

The purpose of this study was to describe the within-subject variability of ABR 

latencies among nine normal-hearing male children. 

Clarity of the averages 
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Based upon a sample of ABRs obtained from 50 normal-hearing subjects using 

alternating-polarity clicks presented at 60 dB SL (re: the subject's behavioral threshold 

for the click stimulus), Chiappa et a1. ( 1979) reported that all five peaks were readily 

identifiable in approximately 70lt of the ipsilaterally referenced ABRs. For the 

remainder of their sample, wave IV was a "shoulder" on wave V in approximately 15~ of 

the ABRs, and vice versa. In the current sample, all five peaks were readily identifiable 

in 80~ of the ipsilaterally referenced ABRs (i.e., both monaural stimulus conditions). 

Wave IV was a shoulder on wave V in 19lt of the ABRs and wave V was a shoulder on wave 

IV in 2~. (Due to rounding, these values do not total 100lt.) The increased clarity of the 

ABR peaks (except wave IV) obtained for the current study may be due to several factors. 

First, 1t could be a function of the subjects' ages, supporting the observation that the ABR 

waveform is generally clearer in adolescents than in adults (T. J. Glattke, personal 

communication, November 4,1988). Second, theABR peaks obtained by Chiappaetal. 

may have been "smeared" by thefr use of alternatfng-polarfty clicks (Stockard et al., 

1979), thus complicating peak identification. Finally, the intensity level used in the 
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current study (80 dB nHL) may have been higher than that used by Chiappa et at (60 dB 

SL). It is not possible to determine if such were the case because different scales of 

intensity were used and no audiometric data were reported by those authors. 

Despite the relative clarity of the ipsilaterally referenced averages observed in the 

current study, the corresponding contralaterally referenced average often was used to aid 

in peak identification. Indeed, in the case of wave V, which may be the most important 

wave for clinical evaluation, the contralaterally referenced average was used to help 

identify about one-fourth of the peaks. 

Within-Subject Distribution of Latencies 

Mean latencies 

Mean latencies were used for two purposes in this investigation. First, between

subject mean latencies (based on latency values obtained from the first ABR from the first 

session) were used to determine the representativeness of the subject sample. This 

procedure approximates that typically employed when gathering clinical normative elata. 

The agreement between the mean latencies thus calculated (Table 2) and published 

normative data, and the distribution of all latencies In the current sample relat1ve to these 

mean latencies (Table 3) suooest that these subjects are representative of normal

hearing subjects. 

Second, within-subject mean latency was used as the measure of central tendency in 

describing the distributions of latenCies for each subject (Tables 4- 12). This permitted 

the calculation of z-scores, upon which both skewness and kurtosis are based. (Standard 



errors of the means are presented in Appendix C, p. 101). 

Symmetry and kurtosis 
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The degrees of symmetry and kurtosis observed in a distribution are important in 

two major respects. First, they indicate two important Wf!'{S in which a given distribution 

mf!'{ differ from a normal distribution. Second, these features can indicate if standard 

parametric techniques are appropriate for subsequent inferential analysis of the data. If 

not normally distributed, some transformation of the data mf!'{ be necessary before 

proceeding with analysis, or alternate nonparametric techniques mf!'{ be required. 

Of the 135 distributions evaluated in the current investigation, the great majority 

were symmetrical and mesokurtic (87lf: and 89lf:, respectively). Those distributions 

that were Significantly skewed and/or leptokurtic appeared to differ only in terms of one 

or two latency values. Such distributions were differed primarily because of sample size. 

It was concluded that standard parametric techniques would be appropriate for 

subsequential inferential analysis of the data. 

Those distributions that were significantly skewed and not mesokurtic were all 

leptokurtic. Most often, significantly skewed distributions are leptokurtic because of 

scores that are far from the mean (Glass & Hopkins, 1984). Thus, this finding was to be 

expected. 

The data were further examined to determine during which session( s) the 

"outlier( 5)" (i.e., the latency or latencies that most likely resulted in a signifiamtly 

skewed distribution) occurred. Of the 18 distributions described in Table 14, the 

outlier( s) occurred in Session 1 in seven instances (39lf:); in Session 2 in four instances 



(22~); in Session 3 in three instances (17~); and, in Session 4 in four instances 

(22~). The incidence of fX:Currence of outliers within sessions was similar to that 

observed across sessions. That is, the outlier was observed with similar frequency at 

Trial 1 , Trial 2, etc. This suggests that a latency value far from the mean of a subject's 

distribution of latencies for a given peak and stimulus condition is equally likely to be 

observed from any ABR collected for that subject. Thus, if a difference greater than 
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0.1- 0.2 ms is observed between the latencies of any given peak in the two ABRs typically 

gathered at each intensity for clinical purposes, the average of the two values may provide 

a more accurate estimate of the latenLY of that peale 

Variability 

The latencies of the ABR peaks obtained frc;n each subject in this investigation did 

vary. In each condition, variability was observed for every wave across sessions, and for 

virtually every wave within each session. Across stimulus conditions, wave IV was 

observed to have the greatest within-subject variability of ABR peak latenLY, both in the 

magnitude of within- and across-session latency ranges and in the magnitude of standard 

deviations of the distributions. This finding differs from that of Edwards et al. ( 1982), 

who reported wave II to be the most variable. Taken together, however, the current 

findings support the lacl< of clinical confidence placed on waves II and IV, and thus, their 

designation as "minor" peaks. 

Range of latencies. There is one major drawback to using the range as 0 descriptor of 

a d1str1but10n. Because the range 1s determ1ned by just two scores, 1t 19nores the spread 

of all scores except the largest and the smallest. The range is also greatly increased by one 



62 

extreme score, or outlier. In such a case, the actual values of the extreme scores would be 

of more interest than their distance apart. 

Nonetheless, the range serves at least two useful functions. First, as a descriptive 

statistic, the range provides an indication of the variability observed in a distribution. If 

sample sizes are identical, ranges can be used for Simple comparisons (e.g., the range of 

"A" is larger than the range of "B "), although it would not be possible to determine the 

reliability of any difference observed. Second, the range can provide a gross check on the 

accuracy of the calculation of standard deviations. If the range is less than 2 or more than 

8 standard deviations wide, 1t is nearly certain that a computational error was made. 

Comparison of these values in Tables 4-12 reveal that all of the ranges fall within this 

interval. 

In the current investigation, the range had two purposes. First, it was one measure 

used to identify which ABR peak's latencies were the most variable. Consistently, wave IV 

had the largest ranges of latencies. Second, ranges were averaged across subjects to 

provide an indication of the magnitude of latency variability observed in this group of 

subjects. The average within-subject range of latencies for each condition was generally 

100-150 us and, except for wave IV, did not exceed 250 us. For some subjects, the 

range of within-subject latencies for wave IV was as great as 760 us across sessions and 

500 IlS within any given session. 

Standard deviations. The standard deviation is a more useful descriptor of variability 

observed in a distribution. Although the sample standard deviation tends to underestimate 

the population standard deviation, the bias is negligible unless sample size is very small. 
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For a sample size of 20, as used in the current investigation, the bias is estimated at 1 ~ 

(Glass & Hopkins, 1984). That is, the expected value of the sample standard deviation is 

equal to 99~ of the population standard deviation. One wfJY the sample standard deviation 

can be adjusted to more accurately estimate the population standard deviation is to use a 

value smaller than the sample size [i.e., (n-1 ) vs (n)] as the denominator during 

calculations. The SPSSx Statistical Program employs such an algorithm. It should be 

noted that, throughout this investigation, the term "standard deviation" refers to the 

sample standard deviation based on a sample size of (n-1), unless otherwise noted. 

Comparing the standard deviations of the latency distribut10ns (Tables 4-12) 

provides further evidence that the latency of wave IV is the most variable among the ABR 

peaks. Indeed, based on the variability observed for wave IV, one might conclude that 

standard deviations less than those reported (i.e., 0.2-0.3 ms) are inappropriate for 

clinical applications. However, the magnitude of variability reflected in the standard 

deviations of the major ABR peaks suggests that less variability of latencies would be 

expected from subsequent testing of the same subject than is reported for normative data. 

In the current investigaton, 91 ~ of the latency distributions of the major ABR peaks 

hoo standard devlatlons less than 0.1 ms. In only 2 of the latency dlstrlbut10ns did the 

standard deviation exceed 0.14 ms. When the standard deviations of the major peaks were 

averaged across subjects, the largest mean standard deviation was less than 0.08 ms. This 

finding has potentially important clinical implications because it suggests that a smaller 

range of latenc1es than 1s currently employed may be approprlate when evaluaUng serlal 

ABRs collected from the same subject. That is, based upon a relatively conservative 
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within-subject standard deviation of O. 1 ms (versus 0.2 ms commonly reported for 

between-subject data), a range of ±0.2 ms around that subject's mean latency for a given 

wave would be expected to encompass approximately 95$ of the latencies obtained from 

that subj ect for that wave. 

Using a narrower range of latencies to detect changes relative to some baseline has at 

least two possible applications. First, it may provide for more sensitive monitoring of 

changes in auditory function related to degenerative diseases, such as multiple sclerosis. 

Second, it may provide for more sensitive monitoring of changes in auditory function 

related to the growth of small acoustic neuromas. An increasing number of asymptomatic 

acoustic neuromas is being detected with current imaging techniques (esp., magnetic 

resonance imaging) when those techniques are employed for other purposes, such as 

evaluating the effects of closed head trauma (B. Stewart, personal communication, May 

22, 1989). Because these tumors are small and asymptomatic, noninvasive monitoring of 

their status is often preferred over surgical intervention. Employing a narrower range of 

latencies might make the ABR more sensitive to subtle changes in the tumor size. For 

either of these possible applications, it would be necessary to obtain a sufficient number 

of ABRs at the Initial session to establish an adequate estimate of that subject's mean 

latency. Further investigations of within-subject variability of ABR latencies employing 

clinical subjects should be conducted. 

Potential sources of vari8bility. It is possible that fluctuations in the noise floor 

(i.e., the concurrent electric events) may have contributed to the variabflfty observed in 

the current stultt by shifting the relative maximum (Stockard et al., 1978). This source 
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of variability cannot be measured directly because 1t is not possible to simultaneously 

stimulate and not stimulate the auditory system. However, two considerations suggest that 

the contribution of this source of variability was minimal. First, all no-stimulus 

averages recorded prior to obtaining each ABR were relatively flat. No systematic 

fluctuations in the noise floor (e.g., 60 Hz noise) were observed in any of the no-stimulus 

averages. Among 45 averages selected for measurement, the mean maximum 

peak-to-trough amplitude of the noise was 0.10 JlV (standard deviation = 0.05 Jlv). 

Although the no-stimulus averages were base! on 1000 samples rather than the 2000 

samples used for the ABR averages, non-systematic fluctuations in the noise floor should 

be more apparent (i.e., have greater amplitude) in a 1 OOO-sample average than in a 

2000-sample average. The second consideration that suggests the contribution of noise 

was minimal is that noisy recordings were rejected. If more than 200 samples exceeded 

the artifact rejection criterion (25Jlv) before 2000 artifact-free samples were obtained 

for averaging, sampling was terminated and reinitiated. The number of samples that 

exceeded the artifact rejection criterion in any given average was generally 10-50, 

perhaps because all of the subjects slept for at least part of the recording sessions. 

Approximately one-fourth of the total sample had less than 20 samples rejected and, of 

these, many had no samples rejected. Finally, because 2000 samples were averaged to 

obtain each ABR, noise present in any individual sample would be reduced to 

apprOXimately one-fortieth of its original amplitude. In sum, the ABRs obtained during 

this study likely represent relatively Quiet recordings. 

Stockard et al. ( 1978) speculated that another source of intertrial variability is 
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fluctuation in the signal. They proposed that the most common source of such variability 

is change of the effective stimulus intensity due to (a) changes in ambient sound levels or 

(b) changes in headphone placement. Methodology to monitor effective stimulus intensity 

(e.g., use of a probe microphone placed mear the subject's tympanic membrane) was not 

incorporated into the design of the current study. However, several observations suggest 

that the contribution of this source of variability also was minimal. First, with regard to 

changes in ambient sound levels, the ABR unit is located in a room near the end of a 

hallway. For most of the subjects, testing occurred in the late afternoon, when activity in 

the hallway was virtually nonexistant. For three of the subjects, testing occurred on 

Saturday morning, when no one else was in the clinic. Further, the room has a 

continuously circulating ventilation system; therefore, any (minimal) fan noise was 

constant. Finally, many variations on the pattern of variability were observed within any 

single session. That is, for some subjects, the shortest latency for a given wave within a 

single session was observed for the first ABR recorded in that session. For the same 

subject but a different wave, the shortest latency was observed for the last ABR recorded 

in that session, or for the second ABR, etc. No consistent within-subject patterns of 

variability were detected within any given session across waves. Second, with regard to 

changes in headphone placement, the headphones were not removed and replaced during any 

session. Although gradual slippage of the headphones might have occurred during a 

session, this is unlikely. Eech subject reclined in a comfortable position with his head on 

a p1110w throughout each session. Because the heOOphones were not placed on the subject 

until he was comfortable, the pillow helped support the headphones throughout the 
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session. These considerations suggest that possible fluctuations in the signal, which may 

have contributed to the observed variability in latency, also was minimal. 



CHAPTER 5 

SUMMARY AND CONCLUSIONS 
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The current data were collected from young, normal-hearing, male subjects using a 

single, suprathreshold stimulus intensity. Within-subject variability of ABR latencies 

was observed for every subject in the current investigation. In each stimulus condition, 

variability was observed for every wave across sessions, and for Virtually every wave 

within each session. Stockard et a1. ( 1978) proposed that wlthln-sesslon variability is 

due to fluctuation in either the noise floor or the Signal. Although methcmlogy to monitor 

such fluctuations was not incorporated into the design of the current study, it is proposed 

that neither of these sources made a SUbstantial contribution to the variability that was 

observed. 

Most often, the latencies obtained for any given subject, peal<, and stimulus condition 

were normally distributed. Although slightly more than 10% of the latency distributions 

were Significantly skewed and/or leptokurtic, this may be a function of sample size. 

For the major ABR peaks (waves I, III, and V), the mangltude of variability observed 

in their latencies within any given subject was small. The within-subject range of 

latencies of these peaks never exceeded 500 J,1S, and was genera11y no larger than 300 J,1S. 

The sttlndard devitltion of the Within-subject latency distributions never exceeded 190 J,1S 

for the major peaks, and was generally no larger than 80 J,1S. 

The greatest within-subject variability of ABR latencies was observed for wave IV. 



This phenomenon was observed for every subject, both within and across sesSions, 

regardless of stimulus condition. 

Conclusions 

Based upon the results, the following conclusions were reached : 
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1. Among averages serially collected from a single subject, ABR peak latencies vary, 

both within a single session and across a number of sessions spanning a six-to-eight week 

time interval. The source of such variability is unclear. To determine the contribution of 

proposed sources, a study could be designed wherein the effective stimulus intenSity, the 

ambient sound level, and the ABR are simultaneously recorded. Data thus obtained could be 

analyzed using multiple correlation techniques. 

2. In general, the latencies of each peak collected from any given subject are 

distributed normally. Thus, one of the basic assumptions underlying standard parametric 

data analysis is met. This suooests that using analyses of variance for subsequent analYSis 

of such data would be appropriate for the group data. Similar parametric techniques for 

analyzing the Within-subject data currently are not available. 

3. Among the major peaks, the varlabl1lty of latenCies, as Indexed by the standard 

deviation of the distribution, is less within any single subject than is reported for groups 

of subjects. In addition, the within-subject range of latencies was smaller than the 

across-subject range. This suggests that, following the collection of an adequate baseline, 

the sensitivity of the ABR for monHorlng within-subject changes in those portions of the 

auditory brainstem that contribute to the response might be increased by using a smaller 



standard deviation than is commonly reported to be in clinical use. Potential clinical 

applications of this suggestion might include monitoring changes related to growth of a 

small acoustic neuroma or the progression of a degenerative disease (e.g., multiple 

sclerosis). 
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In conclusion, the current stucty demonstrated that measurable within-subject 

variability of ABR latencies exists, at least among some adolescent, normal-hearing 

males. It would be important to know the variabiHty obtained at lower stimulus 

intensities and among other subjects (e.g.: normals differing in sex and/or age; clinical 

populations). The sour~ of such variability is unclear. (One investigation to address 

potential sources was outlined.) It is proposed that the use of appropriately established 

baseline elata might increase the sensitivity of the ABR, at least for monitoring purposes. 
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APPENDIX A 

Reliability Measurements 



Results of initial and subsequent measurements of the random ly selected average to 

estimate intrarater measurement reliabi lity (reported in ms). 

wave I 

MEASUREMENT 

initial 1.62 

reliability # 1 1.62 

reliability #2 1.62 

reliability #3 1.62 

reliability #4 1.62 

reliability #5 1.62 

SUBJECT #2. BINAURAL MODE 

SESSION #3, AVERAGE # 1 

wave II wave III 

2.62 3.66 

2.62 3.66 

2.62 3.66 

2.62 3.66 

2.62 3.66 

2.62 3.66 

wave IV wave V 

4.68 5.54 

4.68 5.54 

4.68 5.54 

4.68 5.54 

4.68 5.54 

4.68 5.54 
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APPENDIX B 

Raw Data--I ndividual Latencies 

(Reported in ms post-stimulus onset) 
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SUBJECT :# 1 , LEFT EAR 

wave I wave II wave III wave IV wave V 

SESSION # 1 

1st average 1.62 2.68 3.66 4.62 5.32 

2nd average 1.62 2.68 3.66 4.62 5.32 

3rdaverage 1.60 2.74 3.62 4.50 5.34 

4th average 1.60 2.74 3.62 4.50 5.34 

5th average 1.58 2.74 3.68 4.46 5.36 

SESSION #2 

1st average 1.54 2.64 3.62 4.58 5.28 

2nd average 1.56 2.64 3.62 4.58 5.28 

3rd average 1.58 2.70 3.66 4.52 5.38 

4th average 1.58 2.70 3.66 4.52 5.38 

5th average 1.70 2.72 3.58 4.74 5.32 

SESSION #3 

1st average 1.54 2.62 3.66 4.56 5.43 

2nd average 1.54 2.62 3.66 4.56 5.43 

3rd average 1.54 2.68 3.62 4.52 5.46 

4th average 1.54 2.68 3.62 4.52 5.46 

5th average 1.66 2.72 3.62 4.62 5.36 

SESSION #4 

1st average 1.58 2.68 3.68 4.46 5.34 

2ndavercg3 1.58 2.68 3.68 4.46 5.34 

3rd average 1.56 2.74 3.68 4.54 5.38 

4th average 1.56 2.74 3.68 4.54 5.38 

5th average 1.56 2.74 3.66 4.52 5.38 
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SUBJECT # 1, RIGHT EAR 

wave I wave II wave III wave IV wave V 

SESSION # 1 

1 st average 1.64 2.62 3.52 4.68 5.30 

2nd average 1.64 2.62 3.52 4.70 5.30 

3rd average 1.70 2.62 3.56 4.68 5.26 

4th average 1.70 2.62 3.56 4.68 5.26 

5th average 1.58 2.74 3.68 4.46 5.36 

~ESSION #2 
1st average 1.70 2.62 3.60 4.80 5.34 

2nd average 1.68 2.62 3.60 4.80 5.34 

3rd average 1.70 2.74 3.58 4.66 5.34 

4th average 1.70 2.74 3.58 4.66 5.34 

5th average 1.70 2.72 3.58 4.74 5.32 

SESSION#3 

1st average 1.70 2.74 3.66 4.54 5.42 

2nd average 1.70 2.74 3.66 4.54 5.42 

3rd average 1.70 2.70 3.58 4.48 5.46 

4th average 1.70 2.72 3.58 4.48 5.36 

5th average 1.66 2.72 3.62 4.62 5.36 

SESSION #4 

1st average 1.68 2.52 3.54 4.40 5.36 

2nd average 1.70 2.52 3.54 4.40 5.36 

3rdaverage 1.66 2.54 3.54 4.44 5.40 

4th average 1.66 2.54 3.54 4.56 5.40 

5th average 1.70 2.52 3.50 4.38 5.34 
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SUBJECT # 1 , BINAURAL 

wave I wave II 'ftave III wave IV wave V 

SESSION # 1 

1 st average 1.58 2.74 3.68 4.70 5.36 

2nd average 1.64 2.68 3.62 4.60 5.34 

3rd average 1.64 2.68 3.62 4.60 5.34 

4th average 1.64 2.68 3.62 4.60 5.34 

5th average 1.64 2.68 3.62 4.60 5.34 

SESSION #2 
1st average 1.70 2.72 3.58 4.74 5.32 

2nd average 1.66 2.76 3.64 4.74 5.38 

3rd average 1.66 2.76 3.64 4.74 5.38 

4th average 1.66 2.76 3.64 4.74 5.38 

5th average 1.66 2.76 3.64 4.74 5.38 

SESSION#3 

1st average 1.66 2.72 3.62 4.62 5.36 

2nd average 1.58 2.68 3.66 4.64 5.40 

3rdaverage 1.58 2.68 3.66 4.64 5.40 

4th average 1.58 2.68 3.66 4.64 5.40 

5th average 1.58 2.68 3.66 4.64 5.40 

SESSION #4 

1st average 1.68 2.52 3.50 4.38 5.34 

2nd average 1.66 2.72 3.62 4.64 5.38 

3rd average 1.66 2.72 3.62 4.64 5.38 

4th average 1.66 2.72 3.62 4.64 5.38 

5th average 1.66 2.52 3.50 4.38 5.34 
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SUBJECT #2, LEFT EAR 

wave I wave II wave III wave IV wave V 

SESSION #1 

1st average 1.66 2.60 3.56 4.66 5.46 

2nd average 1.66 2.60 3.56 4.54 5.46 

3rd average 1.70 2.56 3.52 4.38 5.48 

4th average 1.70 2.56 3.52 4.38 5.48 

5th average 1.68 2.58 3.70 4.76 5.54 

S~SSION #2 

1st average 1.74 2.64 3.50 4.58 5.54 

2nd average 1.74 2.64 3.50 4.58 5.54 

3rd average I. 78 2.54 3.58 4.48 5.52 

4th average 1.78 2.54 3.58 4.48 5.52 

5th average 1.70 2.64 3.64 4.70 5.58 

SESSION#3 

1st average 1.62 2.62 3.52 4.56 5.42 

2nd average 1.62 2.62 3.52 4.54 5.42 

3rdaverage 1.58 2.62 3.52 4.54 5.44 

4th average 1.58 2.62 3.52 4.54 5.44 

5th average 1.54 2.54 3.60 4.68 5.58 

SESSION #4 

1st average 1.64 2.58 3.46 4.50 5.46 

2nd average 1.70 2.60 3.50 4.38 5.46 

3rdaverage 1.74 2.68 3.54 4.64 5.54 

4th average 1.74 2.68 3.54 4.(,4 5.54 

5th average 1.66 2.64 3.56 4.70 5.50 
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SUBJECT #2, RIGHT EAR 

wave I wave II wave III wave IV wave V 

SESSION #1 

1st average 1.68 2.56 3.70 4.62 5.52 

2nd average . 1.68 2.56 3.70 4.86 5.52 

3rd average 1.64 2.56 3.70 4.64 5.56 

4th average 1.64 2.56 3.70 4.64 5.56 

5th 8verage 1.68 2.58 3.70 4.76 5.54 

SESSION #2 

1st average 1.60 2.54 3.62 4.56 5.50 

2nd average 1.60 2.54 3.62 4.56 5.50 

3rd average 1.66 2.54 3.70 4.54 5.50 

4th average 1.66 2.54 3.70 4.62 5.50 

5th average 1.66 2.58 3.70 4.60 5.56 

SESSION#3 

1st average 1.58 2.58 3.64 4.60 5.42 

2nd average 1.58 2.58 3.64 4.60 5.42 

3rd average 1.58 2.60 3.66 4.62 5.48 

4th average 1.58 2.60 3.66 4.62 5.48 

5th average 1.62 2.62 3.66 4.54 5.54 

SESSION #4 

1st average 1.58 2.52 3.72 4.64 5.54 

2nd average 1.58 2.52 3.72 4.64 5.54 

3rdaverege 1.64 2.52 3.68 4.66 5.62 

4th average 1.64 2.52 3.68 4.66 5.62 

5th average 1.72 2.60 3.66 4.60 5.58 
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SUBJECT #2, BINAURAL 

wave I wave II wave III wave IV wave V 

SESSION #1 

1 5t average 1.68 2.58 3.70 4.60 5.54 

2nd average 1.64 2.70 3.68 . 4.76 5.62 

3rdaverage 1.64 2.70 3.68 4.76 5.62 

4th average 1.64 2.70 3.68 4.76 5.62 

5th average 1.64 2.70 3.86 4.76 5.62 

SESSIQ~ #2 
1st average 1.66 2.58 3.70 4.60 5.56 

2nd average 1.66 2.62 3.68 4.60 5.62 

3rdaverage 1.66 2.62 3.68 4.60 5.62 

4th average 1.66 2.62 3.68 4.60 5.62 

5th average 1.66 2.62 3.68 4.60 5.62 

SESSION#3 

1st average 1.62 2.62 3.66 4.68 5.54 

2nd average 1.60 2.62 3.70 4.76 5.58 

3rd average 1.60 2.62 3.70 4.76 5.58 

4th average 1.60 2.62 3.70 4.76 5.58 

5th average 1.60 2.62 3.70 4.76 5.58 

SESSION #4 

1 5t average 1.72 2.60 3.66 4.60 5.58 

2nd average 1.68 2.70 3.72 4.70 5.60 

3rdaverage 1.68 2.70 3.72 4.70 5.60 

4th average 1.68 2.70 3.72 4.70 5.60 

5th average 1.68 2.70 3.72 4.70 5.60 
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SUBJECT #3, LEFT EAR 

wave I wave II wave III wave IV wave V 

SESSION #1 

1st average 1.68 2.80 3.86 4.98 5.80 

2nd average 1.68 2.80 3.86 4.98 5.80 

3rd average 1.68 3.00 3.88 5.00 5.78 

4th average 1.68 3.00 3.88 5.00 5.78 

5th average 1.98 3.00 3.86 5.06 5.84 

SESSION #2 

1st average 1.88 2.90 3.84 4.98 5.82 

2nd average 1.88 2.90 3.84 '4.98 5.82 

3rd average 1.86 2.76 3.98 5.06 5.84 

4th average 1.56 2.76 3.98 5.06 5.84 

5th average 1.56 2.88 3.96 5.16 6.00 

SESSION#3 

1st average 1.66 2.86 3.84 5.10 5.84 

2nd average 1.66 2.86 3.84 5.10 5.84 

3rdaverage 1.56 2.76 3.84 4.90 5.84 

4th average 1.56 2.76 3.84 4.90 5.84 

5th average 1.68 2.84 3.86 4.86 5.92 

SESSION #4 

1st average 1.58 2.76 3.88 4.74 5.80 

2nd average 1.58 2.76 3.88 4.74 5.80 

3rdaverage 1.64 2.78 3.84 4.72 5.84 

4th average 1.64 2.78 3.84 4.72 5.84 

5th average 1.58 2.74 3.82 4.68 5.94 
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SUBJECT #3, RIGHT EAR 

w~el wave II wave III w~elV w~eV 

SESSION #1 

1st ~erage 1.64 2.88 3.96 5.08 5.90 

2nd average 1.64 2.88 3.96 5.10 5.90 

3rd~erage 1.82 2.80 3.96 4.76 5.96 

4th average 1.82 2.80 3.96 4.76 5.96 

5th average 1.96 3.04 3.98 5.20 6.00 

~ESSIQN #2 

1st ~erage 1.78 2.98 4.06 5.18 6.10 

2nd average 1.78 2.98 4.06 5.18 6.10 

3rd average 1.76 2.94 4.06 5.14 6.02 

4th average 1.76 2.94 4.06 5.14 6.02 

5th average 1.72 2.88 4.08 4.92 6.06 

SESSION#3 

1st average 1.74 3.08 3.98 4.96 5.90 

2nd average 1.74 3.08 3.98 4.96 5.90 

3rd average 1.78 2.92 4.02 4.94 5.92 

4th average 1.78 2.92 4.02 4.94 5.92 

5th average 1.76 2.90 4.04 4.98 5.98 

SESSION #4 

1st ~erage 1.78 2.86 3.98 4.84 5.88 

2nd~erage 1.78 2.86 3.98 4.84 5.88 

3rd average 1.72 2.96 3.96 4.82 5.98 

4th average 1.72 2.96 3.96 4.82 5.98 

5th average 1.70 2.84 4.04 4.80 5.96 
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SUBJECT #3, BINAURAL 

wave I wave II wave I" wave IV wave V 

SESSION:# 1 

1 st averarJC! 2.00 3.00 3.86 5.06 5.84 

2nd average 1.98 2.82 3.90 5.10 5.98 

3rd average 1.98 2.82 3.90 5.10 5.98 

4th average 1.98 2.82 3.90 5.10 5.98 

5th average 1.98 2.82 3.90 5.10 5.98 

SESSION .#2 
1st average 1.72 3.14 4.08 5.22 6.06 

2nd average 1.86 3.10 4.06 5.06 6.02 

3rd average 1.86 3.10 4.06 5.12 6.02 

4th average 1.86 3.10 4.06 5.14 6.02 

5th average 1.86 3.10 4.06 5.12 6.02 

SESSION#3 

1st average 1.76 2.90 4.04 4.98 5.98 

2nd average 1.78 2.96 3.96 4.98 5.94 

3rd average 1.78 2.96 3.96 4.98 5.94 

4th average 1. 78 2.96 3.96 4.98 5.94 

5th average 1.78 2.96 3.96 4.98 5.94 

SESSION #4 

1 st average 1.70 2.84 4.04 5.00 5.96 

2nd average 1.82 2.92 3.98 4.96 5.90 

3rd averege 1.82 2.92 3.98 4.96 5.90 

4th average 1.82 2.92 3.98 4.96 5.90 

5th average 1.82 2.92 3.98 4.96 5.90 
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SUBJECT #4, LEFT EAR 

wave I wfNe II wave III wave IV WfNeV 

SESSION # 1 

1st average 1.66 2.84 3.98 5.02 5.68 

2nd fNerage 1.66 2.84 3.98 5.20 5.68 

3rd fNerage 1.72 2.72 4.08 5.06 5.66 

4th fNerage 1.72 2.72 4.08 5.06 5.66 

5th average 1.72 2.96 4.08 5.10 5.74 

~E~~IQN #2 
1st fNerage 1.58 2.72 3.96 4.76 5.48 

2nd average 1.60 2.74 3.74 4.70 5.66 

3rd fNerage 1.64 2.78 3.74 4.74 5.68 

4th average 1.64 2.78 3.74 4.74 5.68 

5th fNerage 1.66 2.80 3.86 4.68 5.78 

SESSION#3 

1st fNerage 1.66 2.78 3.58 4.58 5.68 

2nd average 1.66 2.78 3.58 4.58 5.68 

3rd fNerage 1.66 2.86 3.58 4.50 5.70 

4th fNerage 1.66 2.86 3.58 4.50 5.70 

5th average 1.72 2.90 3.60 4.50 5.74 

SESSION #4 

1st average 1.64 2.72 3.70 4.44 5.64 

2nd average 1.64 2.72 3.70 4.44 5.64 

3rd fNerage 1.54 2.72 3.62 4.52 5.66 

4th average 1.54 2.72 3.62 4.52 5.66 

5th average 1.70 2.78 3.70 4.44 5.74 
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SUBJECT #4, RIGHT EAR 

WfNe I weve II wave III WfNe IV wfNeV 

SESSION #1 

1st fNerage 1.56 2.68 4.00 4.98 5.52 

2ndfNerage 1.56 2.70 4.00 4.90 5.52 

3rdaverage 1.60 2.78 3.96 5.08 5.60 

4th fNerage 1.60 2.78 3.96 5.08 5.60 

5th fNerege 1.64 2.90 4.06 5.18 5.58 

SESSION #2 

1 st fNerage 1.60 2.74 3.74 4.76 5.66 

2nd fNerage 1.58 2.72 3.96 4.96 5.70 

3rd fNerage 1.58 2.88 4.00 4.82 5.66 

4th average 1.58 2.88 4.00 4.80 5.66 

5th fNerage 1.58 2.78 4.06 4.82 5.70 

SESSION#3 

1st average 1.60 2.82 3.70 4.88 5.66 

2nd average 1.60 2.82 3.70 4.88 5.66 

3rdfNerage 1.60 2.82 3.72 4.76 5.54 

4th fNerage 1.60 2.82 3.72 4.76 5.54 

5th average 1.64 2.86 3.78 4.76 5.50 

SESSION #4 

1st average 1.58 2.96 4.00 4.90 5.62 

2nd fNerage 1.58 2.96 4.00 4.90 5.62 

3rd average 1.62 2.90 4.00 4.76 5.62 

4th average 1.62 2.90 4.00 4.76 5.62 

5th average 1.60 2.88 4.00 4.90 5.68 
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SUBJECT # 4, BINAURAL 

wave I wave II wave III wave IV wave V 

SESSION #1 

1st average 1.64 2.90 4.06 5.58 

2nd average 1.62 2.90 4.10 5.30 5.76 

3rd average 1.62 2.90 4.10 5.30 5.76 

4th average 1.62 2.90 4.10 5.30 5.76 

5th average 1.62 2.90 4.10 5.30 5.76 

SESSION #2 

1st average 1.66 2.80 3.78 4.56 5.70 

2nd average 1.66 2.96 3.86 4.72 5.66 

3rd average 1.66 2.96 3.86 4.72 5.66 

4th average 1.66 2.96 4.04 4.72 5.66 

5th average 1.66 2.96 3.86 4.72 5.66 

SESSION#3 

1st average 1.72 2.90 3.72 4.86 5.74 

2nd average 1.66 2.98 3.98 4.76 5.80 

3rd average 1.66 2.98 4.00 4.76 5.80 

4th average 1.66 2.98 4.00 4.76 5.80 

5th average 1.66 2.98 4.00 4.76 5.80 

SESSION #4 

1st average 1.60 2.88 4.00 5.00 5.68 

2nd average 1.64 2.92 4.10 4.92 5.80 

3rdaverage 1.64 2.92 4.10 4.92 5.80 

4th average 1.64 2.92 4.10 4.92 5.80 

5th average 1.64 2.92 4.10 4.92 5.80 
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SUBJECT #5, LEFT EAR 

wave I wave II wave III wave IV wave V 

SESSION # 1 

1 st average 1.60 2.74 3.52 5.04 5.34 

2nd average 1.60 2.74 3.52 4.72 5.34 

3rd average 1.58 2.74 3.68 4.82 5.46 

4th average 1.58 2.74 3.68 4.82 5.46 

5th average 1.58 2.92 3.56 4.84 5.58 

SESSION #2 

1 st average 1.64 2.86 3.58 4.84 5.64 

2nd average 1.64 2.86 3.58 4.52 5.44 

3rd average 1.60 2.82 3.62 4.52 5.52 

4th average 1.60 2.82 3.62 4.52 5.52 

5th average 1.60 2.86 3.60 4.66 5.58 

SESSION#3 

1 st average 1.56 2.76 3.54 4.58 5.46 

2nd average 1.56 2.76 3.54 4.58 5.46 

3rd average 1.56 2.74 3.58 4.56 5.42 

4th average 1.56 2.74 3.58 4.56 5.42 

5th average 1.64 2.82 3.64 4.38 5.58 

SESSION #4 

1st average 1.58 2.76 3.54 4.52 5.46 

2nd average 1.62 2.76 3.56 4.56 5.48 

3rd average 1.58 2.86 3.66 4.56 5.48 

4th average 1.58 2.86 3.66 4.56 5.48 

5th average 1.62 2.78 3.56 4.54 5.52 
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SUBJECT #5, RIGHT EAR 

wave I wave II wave III wave IV wave V 

SESSION #1 

1st average 1.54 2.58 3.60 4.78 5.54 

2nd average 1.54 2.58 3.60 4.78 5.54 

3rd average 1.513 2.68 3.54 4.86 5.56 

4th average 1.58 2.68 3.54 4.76 5.56 

5th average 1.64 2.76 3.60 4.80 5.56 

SESSION #2 

1st average 1.62 2.80 3.58 4.86 5.66 

2nd average 1.62 2.80 3.58 4.52 5.66 

3rd average 1.60 2.84 3.60 4.48 5.64 

4th average 1.60 2.84 3.58 4.48 5.64 

5th average 1.50 2.74 3.64 4.62 5.66 

SESSION#3 

1st average 1.54 2.76 3.56 4.54 5.56 

2nd average 1.54 2.76 3.56 4.54 5.56 

3rd average 1.54 2.74 3.54 4.48 5.48 

4th average 1.54 2.74 3.54 4.48 5.48 

5th average 1.52 2.72 3.56 4.54 5.62 

SESSION #4 

1st average 1.62 2.78 3.56 4.74 5.52 

2nd average 1.60 2.80 3.54 4.74 5.62 

3rd average 1.60 2.80 3.54 4.74 5.62 

4th average 1.62 2.88 3.60 4.74 5.66 

5th average 1.62 2.88 3.60 4.74 5.66 
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SUBJECT #5, BINAURAL 

wave I wave II wave III wave IV wave V 

SESSION #1 

1 st average 1.58 2.92 3.56 5.34 

2nd average 1.62 2.84 3.58 4.88 5.50 

3rd average 1.62 2.84 3.58 4.88 5.54 

4th average 1.62 2.84 3.58 4.88 5.54 

5th average 1.62 2.84 3.58 4.88 5.54 

SESSION #2 

1 st average 1.60 2.86 3.60 4.94 5.58 

2nd average 1.68 2.88 3.60 4.54 5.50 

3rd average 1.68 2.88 3.60 4.54 5.50 

4th average 1.68 2.88 3.60 4.54 5.50 

5th average 1.68 2.88 3.60 4.54 5.50 

SESSION#3 

1st average 1.52 2.70 3.56 4.54 5.62 

2nd average 1.56 2.88 3.60 4.50 5.66 

3rd average 1.56 2.88 3.60 4.50 5.66 

4th average 1.56 2.88 3.60 4.50 5.66 

5th average 1.56 2.88 3.60 4.50 5.66 

SESSION #4 

1st average 1.64 2.86 3.56 4.56 5.42 

2nd average 1.64 2.86 3.56 4.56 5.42 

3rd average 1.64 2.86 3.56 4.56 5.42 

4th average 1.64 2.86 3.56 4.56 5.42 

5th average 1.56 2.90 3.56 4.54 5.34 
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SUBJECT #6, LEFT EAR 

wave I wave II wave III wave IV wave V 

SESSION # 1 

1 st average 1.64 2.80 3.86 5.02 5.92 

2nd average 1.64 2.80 3.86 5.02 5.92 

3rd average 1.70 2.84 3.84 5.18 6.08 

4th average 1.70 2.84 3.84 5.18 6.08 

5th average 1.64 2.78 3.88 5.16 5.98 

SE~SIO~ #2 

1 st average 1.64 2.72 3.76 5.14 6.02 

2nd average 1.62 2.72 3.76 5.04 5.96 

3rd average 1.66 2.78 3.80 5.06 5.94 

4th average 1.66 2.78 3.80 5.06 5.94 

5th average 1.68 2.76 3.84 5.08 6.06 

SESSION#3 

1st average 1.56 2.72 3.76 4.92 5.90 

2nd average 1.56 2.72 3.76 4.92 5.90 

3rd average 1.68 2.72 3.80 4.94 5.92 

4th average 1.68 2.72 3.80 4.94 5.92 

5th average 1.64 2.80 3.84 4.86 6.00 

SESSION #4 

1st average 1.62 2.72 3.80 4.84 5.96 

2nd average 1.64 2.82 3.78 4.88 5.82 

3rd average 1.70 2.80 3.76 4.84 6.06 

4th average 1.70 2.80 3.76 4.84 6.06 

5th average 1.68 2.76 3.86 4.68 6.08 
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SUBJECT #6, RIGHT EAR 

wave I wave II wave III wave IV wave V 

SESSION # 1 

1 st average 1.62 2.84 3.66 5.00 5.80 

2nd average 1.62 2.84 3.66 5.02 5.80 

3rd average 1.62 2.82 3.70 5.06 5.92 

4th average 1.62 2.82 3.70 5.06 5.92 

5th average 1.64 2.84 3.80 5.16 6.06 

SESSION #2 

1st average 1.64 2.76 3.80 5.04 5.96 

2nd average 1.64 2.78 3.80 4.98 5.98 

3rd average 1.68 2.80 3.84 5.10 6.00 

4th average 1.68 2.80 3.84 5.10 6.00 

5th average 1.66 2.84 3.86 5.06 6.06 

SESSION#3 

1st average 1.64 2.70 3.80 4.82 5.86 

2nd average 1.64 2.70 3.80 4.82 5.86 

3rdaverage 1.64 2.76 3.84 5.04 5.94 

4th average 1.64 2.76 3.84 5.04 5.94 

5th aver6J8 1.64 2.84 3.80 4.88 6.04 

SESSION #4 

1st average 1.68 2.76 3.86 4.98 6.08 

2nd average 1.72 2.84 3.88 4.90 6.04 

3rdaverage 1.72 2.84 3.88 4.90 6.04 

4th average 1.66 2.84 3.88 4.92 6.12 

5th average 1.66 2.84 3.88 4.92 6.12 
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SUBJECT #6, BINAURAL 

wave I wave II wave III wave IV wave V 

SESSION # 1 

1 st average 1.64 2.78 3.88 5.16 5.98 

2nd average 1.64 2.88 3.88 5.14 6.00 

3rd average 1.64 2.88 3.88 5.14 6.00 

4th average 1.64 2.88 3.88 5.14 6.00 

5th average 1.64 2.88 3.88 5.14 6.00 

SESSION #2 

1st average 1.66 2.84 3.86 5.06 6.06 

2nd average 1.70 2.92 3.90 5.18 6.08 

3rd average 1.70 2.92 3.90 5.16 6.04 

4th average 1.70 2.92 3.90 5.18 6.08 

5th average 1.70 2.92 3.90 5.18 6.08 

SESSION#3 

1st average 1.64 2.80 3.84 4.86 6.00 

2nd average 1.72 2.84 3.82 4.90 6.06 

3rd average 1.72 2.84 3.82 4.90 6.06 

4th average 1.72 2.84 3.82 4.90 6.06 

5th average 1.72 2.84 3.82 4.90 6.06 

SESSION #4 

1st average 1.64 2.82 3.76 5.00 5.96 

2nd average 1.64 2.82 3.76 5.00 5.96 

3rdaverage 1.64 2.82 3.76 5.00 5.96 

4th average 1.64 2.82 3.76 5.00 5.96 

5th average 1.70 2.80 3.82 5.04 5.94 
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SUBJECT #7, LEFT EAR 

wave I wave II wave III wave IV wave V 

SESSION # 1 

1st average 1.70 2.60 3.68 4.46 5.50 

2nd average 1.70 2.60 3.68 4.46 5.50 

3rd average 1.76 2.74 3.68 4.88 5.60 

4th average 1.76 2.74 3.68 4.88 5.60 

5th average 1.74 2.76 3.70 4.80 5.64 

~ESSION #2 
1st average 1.78 2.80 3.82 4.82 5.64 

2nd average 1.78 2.80 3.84 4.82 5.64 

3rd average 1.84 2.80 3.84 4.62 5.66 

4th average 1.84 2.80 3.84 4.54 5.66 

5th average 1.76 2.74 3.76 4.46 5.66 

SESSION#3 

1st average 1.78 2.70 3.66 4.82 5.62 

2nd average 1.78 2.70 3.66 4.82 5.62 

3rd average 1.70 2.66 3.72 4.82 5.58 

4th average 1.70 2.66 3.72 4.82 5.58 

5th average 1.74 2.76 3.72 4.92 5.66 

SESSION #4 

1st average 1.76 2.74 3.68 4.88 5.68 

2nd average 1.84 2.66 3.62 4.82 5.66 

3rdaverage 1.76 2.82 3.72 4.96 5.68 

4th average 1.76 2.82 3.72 4.96 5.68 

5th average 1.76 2.70 3.80 4.88 5.66 
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SUBJECT #7, RIGHT EAR 

wave I wave II wave III WfNe IV WfNeV 

SESSION # 1 

1 st average 1.80 2.72 3.72 4.82 5.60 

2nd average 1.80 2.72 3.72 4.82 5.60 

3rdaverage 1.78 2.72 3.70 4.76 5.60 

4th fNerage 1.80 2.72 3.70 4.86 5.60 

5th fNerege 1.80 2.88 3.74 4.88 5.62 

~ESSIQ~ #2 
1st fNerage 1.76 2.68 3.74 4.80 5.64 

2nd average 1.76 2.68 3.76 4.80 5.64 

3rd average 1.88 2.58 3.76 4.88 5.62 

4th average 1.88 2.58 3.74 4.88 5.62 

5th average 1.86 2.66 3.78 4.94 5.66 

SESSION#3 

1st average 1.76 2.82 3.74 4.86 5.56 

2nd average 1.76 2.82 3.74 4.86 5.56 

3rd average 1.80 2.64 3.72 4.80 5.64 

4th averege 1.80 2.64 3.72 4.80 5.64 

5th average 1.80 2.68 3.74 4.86 5.62 

SESSION #4 

1st average 1.76 2.70 3.80 4.88 5.66 

2ndfNerage 1.82 2.80 3.76 4.92 5.68 

3rdeverage 1.82 2.80 3.76 4.92 5.68 

4th average 1.80 2.76 3.76 4.94 5.66 

5th average 1.82 2.76 3.78 4.94 5.66 
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SUBJECT #7. BINAURAL 

wave I wave II wave III wave IV wave V 

SESSION # 1 

1st average 1.80 2.88 3.74 4.88 5.62 

2nd average 1.78 2.82 3.70 4.48 5.66 

3rd average 1.78 2.82 3.70 4.48 5.66 

4th average 1.78 2.82 3.70 4.48 5.66 

5th average 1.78 2.82 3.70 4.48 5.66 

SESSION #2 

1 st average 1.76 2.74 3.76 4.74 5.66 

2nd average 1.84 2.78 3.76 4.60 5.68 

3rd average 1.84 2.78 3.76 4.60 5.68 

4th average 1.84 2.78 3.76 4.60 5.68 

5th average 1.84 2.78 3.76 4.60 5.68 

SESSION#3 

1st average 1.80 2.68 3.74 4.86 5.62 

2nd average 1.78 2.82 3.76 4.90 5.62 

3rd average 1.78 2.82 3.76 4.90 5.62 

4th average 1.78 2.82 3.76 4.90 5.62 

5th average 1.78 2.82 3.76 4.90 5.62 

SESSION #4 

1st average 1.80 2.82 3.72 4.92 5.62 

2ndaver~ 1.80 2.82 3.72 4.92 5.62 

3rd average 1.80 2.82 3.72 4.92 5.62 

4th average 1.80 2.82 3.72 4.92 5.62 

5th average 1.80 2.78 3.74 4.96 5.66 
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SUBJECT #8, LEFT EAR 

wave I wave II wave III wave IV wave V 

SESSION # 1 

1 st average 1.44 2.52 3.62 4.58 5.56 

2nd average 1.44 2.52 3.62 4.58 5.56 

3rd average 1.66 2.54 3.54 4.64 5.62 

4th average 1.66 2.54 3.54 4.64 5.62 

5th average 1.66 2.52 3.56 4.68 5.66 

SESSIO~ #2 
1st average 1.48 2.58 3.70 4.64 5.48 

2nd average 1.48 2.58 3.70 4.72 5.48 

3rd average 1.64 2.64 3.66 4.76 5.52 

4th average 1.62 2.64 3.66 4.76 5.52 

5th average 1.60 2.56 3.68 4.84 5.76 

SESSION#3 

1st average 1.48 2.58 3.60 4.60 5.72 

2nd average 1.48 2.58 3.60 4.60 5.72 

3rd average 1.48 2.48 3.62 4.60 5.58 

4th average 1.48 2.48 3.62 4.60 5.58 

5th average 1.50 2.62 3.62 4.68 5.56 

SESSION #4 

1st average 1.46 2.48 3.60 4.72 5.58 

2nd average 1.50 2.48 3.62 4.58 5.60 

3rd average 1.52 2.48 3.58 4.72 5.68 

4th average 1.52 2.48 3.58 4.72 5.68 

5th average 1.54 2.50 3.62 4.76 5.56 
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SUBJECT #8, RIGHT EAR 

wave I wave II wave III wave IV wave V 

SESSION # 1 

1st aver~ 1.58 2.56 3.64 4.50 5.64 

2nd average 1.58 2.56 3.64 4.50 5.64 

3rdaverage 1.52 2.56 3.64 4.52 5.64 

4th average 1.52 2.56 3.64 4.52 5.64 

5th average 1.58 2.62 3.76 4.56 5.72 

SESSION #2 

1st average 1.66 2.62 3.58 4.70 5.60 

2nd average 1.66 2.62 3.58 4.70 5.60 

3rd average 1.64 2.56 3.60 4.60 5.70 

4th average 1.64 2.56 3.60 4.60 5.70 

5th average 1.62 2.64 3.70 4.58 5.72 

SESSION#3 

1st average 1.62 2.56 3.62 4.52 5.62 

2nd average 1.62 2.56 3.62 4.52 5.62 

3rdaverage 1.62 2.56 3.58 4.52 5.68 

4th average 1.62 2.56 3.58 4.52 5.68 

5th average 1.58 2.62 3.68 4.50 5.62 

SESSION #4 

1st average 1.54 2.50 3.62 4.76 5.56 

2nd average 1.56 2.44 3.62 4.62 5.60 

3rdaverage 1.56 2.44 3.62 4.62 5.60 

4th average 1.58 2.62 3.62 4.52 5.64 

5th average 1.58 2.62 3.62 4.52 5.64 
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SUBJECT #8, BINAURAL 

wave I wave II wave III wave IV wave V 

SESSION #1 

1st average 1.58 2.62 3.76 4.56 5.72 

2nd average 1.48 2.76 3.76 4.76 5.52 

3rd average 1.48 2.76 3.76 4.76 5.52 

4th average 1.48 2.76 5.76 4.76 5.52 

5th average 1.48 2.76 3.76 4.76 5.52 

~ESSIQt:l#2 

1 st average 1.62 2.64 3.82 4.80 5.72 

2nd average 1.66 2.68 3.70 4.82 5.52 

3rdaverage 1.66 2.68 3.70 4.82 5.52 

4th average 1.66 2.68 3.70 4.82 5.52 

5th average 1.66 2.68 3.70 4.82 5.52 

SESSION#3 

1st average 1.50 2.62 3.62 4.68 5.56 

2nd average 1.52 2.62 3.76 4.78 5.60 

3rdaverage 1.52 2.62 3.76 4.78 5.60 

4th average 1.52 2.62 3.76 4.78 5.60 

5th avercge 1.52 2.62 3.76 4.78 5.60 

SESSION #4 

1st average 1.50 2.52 3.60 4.84 5.60 

2nd average 1.50 2.52 3.60 4.84 5.60 

3rd average 1.50 2.52 3.60 4.84 5.60 

4th average 1.50 2.52 3.60 4.84 5.60 

5th average 1.52 2.60 3.64 4.72 5.68 



98 

SUBJECT #9, LEFT EAR 

wave I wave II wave III wave IV wave V 

SESSION # 1 

1st average 1.64 2.74 3.76 4.82 5.36 

2nd average 1.64 2.74 3.76 4.76 5.36 

3rd average 1.64 2.70 3.80 4.70 5.70 

4th average 1.64 2.70 3.82 4.70 5.60 

5th average 1.78 2.84 3.90 4.88 5.74 

SESSION #2 

1st average 1.62 2.66 3.76 4.62 5.34 

2nd average 1.62 2.66 3.76 4.62 5.34 

3rd average 1.62 2.70 3.80 4.66 5.40 

4th average 1.62 2.70 3.80 4.66 5.40 

5th average 1.70 2.72 3.88 4.70 5.68 

SESSION#3 

1st average 1.64 2.74 3.84 4.58 5.46 

2nd average 1.64 2.66 3.86 4.58 5.44 

3rdaverage 1.64 2.74 3.80 4.74 5.46 

4th average 1.64 2.74 3.80 4.74 5.46 

5th average 1.68 2.58 3.86 4.70 5.42 

SESSION #4 

1st averaje 1.64 2.68 3.82 4.72 5.76 

2nd averege 1.64 2.76 3.82 4.84 5.78 

3rd averaje 1.62 2.74 3.86 4.88 5.84 

4th average 1.66 2.76 3.88 4.70 5.82 

5th averege 1.58 2.80 3.86 4.82 5.64 
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SUBJECT #9, RIGHT EAR 

wave I wave II wave III wave IV wave V 

SESSION # 1 

1 st average 1.64 2.86 3.88 4.88 5.66 

2nd average 1.64 2.86 3.88 4.88 5.66 

3rd average 1.66 2.84 3.90 4.92 5.76 

4th average 1.66 2.84 3.90 4.92 5.76 

5th average 1.70 2.84 3.88 4.94 5.78 

QESSIQN #2 
1st average 1.64 2.84 3.84 4.58 5.68 

2nd average 1.64 2.84 3.84 4.58 5.68 

3rd average 1.66 2.84 3.88 4.50 5.70 

4th average 1.66 2.84 3.88 4.58 5.70 

5th average 1.56 2.68 3.90 4.68 5.64 

SESSION#3 

1st average 1.68 2.58 3.86 4.70 5.42 

2nd average 1.68 2.84 3.90 4.68 5.50 

3rd average 1.68 2.84 3.90 4.68 5.50 

4th average 1.68 2.84 3.90 4.82 5.68 

5th averege 1.68 2.84 3.90 4.82 5.68 

SESSION #4 

1st average 1.54 2.64 3.86 4.52 5.46 

2nd average 1.58 2.68 3.86 4.64 5.60 

3rd average 1.52 2.74 3.84 4.58 5.44 

4th average 1.58 2.78 3.78 4.58 5.40 

5th average 1.56 2.74 3.84 4.62 5.54 



100 

SUBJECT #9. BINAURAL 

wave I wave II wave III wave IV wave V 

SESSION # 1 

1 st average 1.70 2.84 3.88 4.94 5.50 

2nd average 1.72 2.88 3.92 4.94 5.72 

3rdaverage 1.72 2.88 3.92 4.98 5.78 

4th average 1.72 2.88 3.92 4.98 5.78 

5th average 1.72 2.88 3.92 4.98 5.78 

SESSION #2 

1st average 1.56 2.68 3.90 4.68 5.64 

2nd average 1.7.2 2.82 3.92 4.64 5.68 

3rd average 1.72 2.82 3.92 4.64 5.68 

4th average 1.72 2.82 3.92 4.64 5.68 

5th average 1.72 2.82 3.92 4.64 5.68 

SESSION#3 

1st average 1.66 2.74 3.84 4.66 5.58 

2nd average 1.66 2.74 3.84 4.66 5.58 

3rdaverage 1.66 2.74 3.84 4.66 5.58 

4th average 1.66 2.74 3.84 4.66 5.58 

5th average 1.60 2.76 3.90 4.66 5.64 

SESSION #4 

1st average 1.58 2.80 3.86 4.82 5.76 

2nd average 1.64 2.80 3.82 4.86 5.74 

3rdaverage 1.64 2.80 3.82 4.86 5.74 

4th average 1.62 2.84 3.78 4.84 5.64 

5th average 1.68 2.72 3.84 4.94 5.64 



APPENDIX C 

Standard Errors of the Means 

(Reported in ms) 
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wave I wave II wave III wave IV WfNeV 

SUBJECT # 1 

Jeft 0.010 0.009 0.007 0.015 0.011 

right 0.007 0.019 0.011 0.030 0.011 

binaural 0.008 0.015 0.011 0.023 0.006 

SUBJECT #2 

Jeft Q.015 0.010 0.012 0.025 0.011 

right 0.010 0.007 0.007 0.016 0.012 

binaural 0.007 0.010 0.009 0.016 0.006 

SUBJECT #3 

left 0.028 0.020 0.011 0.033 0.012 

right 0.015 0.018 0.010 0.034 0.015 

binaural 0.021 0.024 0.015 0.017 0.012 

SUBJECT #4 

left 0.012 0.016 0.042 0.056 0.013 

right 0.005 0.018 0.029 0.028 0.014 

binaural 0.006 0.010 0.027 0.054 0.015 

SUBJECT #5 

left 0.006 0.013 0.012 0.036 0.017 

right 0.009 0.018 0.007 0.031 0.014 

binaural 0.011 0.010 0.004 0.038 0.023 

SUBJECT #6 

left 0.009 0.010 0.009 0.030 0.017 

right 0.007 0.011 0.016 0.021 0.022 

binaural 0.008 0.010 0.012 0.025 0.011 

SUBJECT #7 

left 0.010 0.015 0.015 0.037 0.012 

right 0.008 0.018 0.006 0.012 0.008 

binaural 0.005 0.009 0.005 0.042 0.006 
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SUBJECT #8 

left 0.017 0.012 0.010 0.017 0.018 

right 0.009 0.013 0.010 0.017 0.010 

binaural 0.015 0.018 0.016 0.015 0.015 

SUBJECT #9 

left 0.009 0.013 0.010 0.020 0.040 

right 0.012 0.019 0.007 0.033 0.027 

binaural 0.012 0.013 0.010 0.031 0.018 
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