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Abstract
Auditory-evoked-potential (AEP) data from two studies originally designed for other purposes
were reanalyzed. The auditory brainstem response (ABR), middle-latency response (MLR), and
long-latency response (LLR) were measured. The latencies to each of several peaks were
measured for each subject for each ear of click presentation, and the time intervals between
successive peaks were calculated. Of interest were differences in interpeak intervals between the
sexes, between people of differing sexual orientations, and between the two ears of stimulation.
Most of the differences obtained were small. The largest sex differences were for interval I → V in
the ABR and interval N1 → N2 of the LLR (effect sizes > 0.6). The largest differences between
heterosexuals and nonheterosexuals were for the latency to Wave I in both sexes, for the interval
Na→ Nb in females, and for intervals V → Na and Nb → N1 in males (effect sizes > 0.3). The
largest difference for ear stimulated was for interval N1 → N2 in heterosexual females (effect size
~0.5). No substantial differences were found in the AEP intervals between women using, and not
using, oral contraceptives. Left/right correlations for the interpeak intervals were mostly between
about 0.4 and 0.6. Correlations between the ipsilateral intervals were small; i.e., interval length
early in the AEP series was not highly predictive of interval length later in the series. Interpeak
intervals appear generally less informative than raw latencies about differences by sex and by
sexual orientation.
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1. Introduction
Following the presentation of a brief acoustic stimulus such as a click, a succession of peaks
is evoked in the brain waves that are detected using simple electrode arrays on the scalp
(e.g., Hall, 2007). This succession of peaks is known as the auditory evoked potentials
(AEPs). The most common way to analyze and report AEP data is to measure either the time
elapsed between stimulus presentation and the maximum magnitude of the peak of interest
(the latency), or the amplitude of that peak measured from its maximum magnitude to the
following minimum magnitude (e.g., Davis, 1976). By convention, the succession of peaks
seen is divided into three temporal groups: the auditory brainstem responses (ABRs) having
peak latencies between 0 and about 10 ms, the middle-latency responses (MLRs) having
peak latencies between about 10 and 50 ms, and the long-latency responses (LLRs) having
peak latencies between about 50 and 300 ms (Picton et al., 1974).

A number of factors affect the latencies of the peaks in the AEP (for a review, see Burkard
and Don, 2007). However, because the peaks are loosely associated with anatomical regions
within the central auditory nervous system (e.g., Møller, 1998), the time intervals between
the latencies of successive peaks do provide a rough measure of the transmission times
between regions of the brain, and these intervals have proved to be useful for neuro-
diagnostic purposes (Hall, 2007). The presence of neurological pathology typically leads to
a prolongation of the interpeak intervals (Møller, 2007). The transmission times of the ABR
have been studied most extensively (e.g., Fabiani et al., 1979; Griffiths et al., 1989).

Calculating interpeak intervals has been most common for early peaks such as the interval
between wave I and wave III (I → III), between wave III and wave V (III → V), or between
wave I and wave V (I → V) of the ABR (e.g., Fabiani et al., 1979; Griffiths et al., 1989;
Grillon et al., 1989; Skoff et al., 1980; Rosenhall et al., 2003). Less commonly, investigators
sometimes have reported interpeak intervals between later waves such as Na, Pa, and Nb of
the MLR (e.g., Davis & Zerlin, 1966; Grillon et al., 1989; Ozdamar & Kraus, 1983). The
interval I → V has been labeled “central conduction time” (Gorga et al., 1988) and is used
clinically to assess the presence of retrocochlear pathology between the auditory nerve and
the brainstem.

AEPs long have been known to exhibit sex differences in latency or amplitude of certain
peaks (e.g., Cowell et al., 1994; Stockard et al., 1978). The most commonly studied peak is
Wave V of the ABR, and both its latency and the interpeak interval I → V are shorter
(faster) in females than in males (Beagley & Sheldrake, 1978; Stockard et al., 1978; Jerger
& Hall, 1980). Although sex differences are well established in adults, the results are less
clear-cut in infants and young children where sex differences sometimes are not observed
(e.g., Sininger et al., 1998; Stockard et al., 1979). In a previous paper, we presented
evidence that certain AEP peaks also are different in latency or amplitude in people of
different sexual orientations (McFadden and Champlin, 2000). Specifically, we showed that
the mean values for homosexual and bisexual females can be shifted in the direction of
males (called “masculinized”), and the mean values for homosexual and bisexual males can
be shifted so far away from the female means that they exceed the means for the
heterosexual males (called “hyper-masculinized”). A masculinization also has been
observed in the otoacoustic emissions (OAEs) of nonheterosexual females, but the OAEs of
heterosexual and nonheterosexual males did not differ (McFadden and Pasanen, 1998, 1999;
reviewed by McFadden, 2008, 2009).

We wished to know if the elapsed times between successive peaks in the AEPs also can
differ between heterosexual and nonheterosexual males or females, and if sex (or ear)
differences exist in intervals other than interval I → V of the ABR. To maximize the sample
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size, the data from a previously published study (McFadden, 2000; McFadden and
Champlin, 2000) were pooled with later-collected data using substantially the same
recruitment and measurement procedures.

2. Methods
2.1. General

The analyses reported here were performed on data collected in two AEP studies designed
for purposes other than measuring the time intervals between successive peaks in the AEP
waveforms. The first data set was the basis for two previous reports (McFadden, 2000;
McFadden and Champlin, 2000). The second data set was collected over a period of several
years beginning soon after the publication of the first study. The AEP procedures,
equipment, and analyses were essentially identical for the two studies. The data-collection
and data-analysis procedures are described briefly below; additional details can be found in
McFadden (2000) and McFadden and Champlin (2000). The research protocols for both
studies were approved in advance by the Institutional Review Board of The University of
Texas.

2.2. Subjects
For the first study, data were collected from 49 heterosexual females, 57 nonheterosexual
females, 50 heterosexual males, 53 nonheterosexual males (plus 35 additional heterosexual
females who were using oral contraceptives--see below). For the second study, data were
collected from 75 heterosexual females, 25 nonheterosexual females, 64 heterosexual males,
and 27 nonheterosexual males; all these females were non-users of oral contraceptives.
Because usable data occasionally were missing for an interval or an ear, the Ns varied
slightly across conditions and comparisons. The Ns contributing to the various comparisons,
and the breakdown for heterosexuals and nonheterosexuals are provided as part of the
results.

The means (and standard deviations) for years of age in study 1 were: 21.2 (3.6), 26.1 (6.6),
24.1 (4.5), and 25.3 (5.8) for the heterosexual females, nonheterosexual females,
heterosexual males, and nonheterosexual males, respectively; the average age of the
heterosexual females using oral contraceptives was 21.3 (2.4). The means (and standard
deviations) of the years of age in study 2 were: 20.2 (2.0), 21.8 (2.4), 20.3 (2.5), 22.0 (3.3)
for the heterosexual females, nonheterosexual females, heterosexual males, and
nonheterosexual males, respectively. Some subjects in study 2 were twins, but for same-sex
twins, only one member of each pair was included (pseudorandomly) in the data analysis
here.

2.3. Procedure
For both studies, subjects were recruited using advertisements on campus and in the campus
newspaper and by word of mouth. Notices about the studies also were distributed to on-
campus organizations for nonheterosexuals. Prospective subjects were screened for recent
exposure to intense sounds and recent use of various drugs. Because ABRs are known to
fluctuate with the menstrual cycle (Elkind-Hirsch et al. 1992a, 1992b, 1994), test sessions
for females in both studies were scheduled during the midluteal phase of the cycle (days 16
– 26). Because oral contraceptives can masculinize AEPs (McFadden, 2000), the data from
users and non-users of oral contraceptives are treated separately here.

After informed consent was obtained, subjects were screened audiometrically. This included
otoscopy, audiometric screening at the frequencies between 250 and 6000 Hz in both ears,
and tympanometry. To pass the hearing screening, a subject’s hearing had to be 15 dB
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Hearing Level or better at octave frequencies from 250 – 4000 Hz and 20 dB or better at
6000 Hz. Each subject completed a questionnaire containing items about history of exposure
to intense sounds and drugs, and items about various aspects of sexual behavior. In study 2,
otoacoustic emissions (OAEs) were collected as well as AEPs. The single test session lasted
approximately 2 hours in study 1 and approximately 2 – 2.5 hours in study 2.

For both studies, sexual orientation was assessed using versions of the two traditional
Kinsey items about fantasy and experience, plus an additional multiple-choice item asking
for a self-assessment of orientation (heterosexual, homosexual, bisexual). When answers
were inconsistent or incomplete (human-subjects regulations required allowing subjects not
to answer individual questions), the data for that subject were excluded from the analyses.
For the analyses reported here, the homosexual and bisexual subjects were pooled to create
one nonheterosexual group per sex.

The two studies contributing data to this report differed in one important regard: namely, no
LLR conditions were tested in study 2, only ABRs and MLRs. Accordingly, the Ns here for
the LLR intervals are considerably smaller than those for the other interpeak intervals. One
reason for omitting LLRs from study 2 was that the first study revealed no differences by
sexual orientation in either latency or amplitude for any of the LLR peaks (McFadden and
Champlin, 2000); also, LLRs require considerable time to collect. A second difference
between the two studies that proved relevant during data analysis (see below) was
bioamplifiers from different manufacturers.

For the AEP measurements, the subjects were fitted with four gold-plated surface electrodes,
in accord with standard AEP procedures (Hall, 2007). They were seated in a reclining chair
inside an electrically shielded, sound-treated room, and were informed about the importance
of wakefulness. State of arousal was monitored using the ongoing electroencephalic
waveform, and brief rest breaks were used as necessary to maintain and restore wakefulness.
ABRs, MLRs, and LLRs were obtained in different experimental runs within the test
session. Experienced experimenters were responsible for fitting the electrodes and collecting
the AEP data.

Electrical pulses of 100-microsecond duration and negative polarity were presented to a
shielded insert microphone (Etymotic, model ER-3A) in order to produce the click stimuli.
The level of the clicks was about 70 dB above mean behavioral threshold, as measured in 20
separate listeners with normal hearing. The clicks were presented at a continuous repetition
rate which was 18.1, 7.1, and 1.1 clicks per second for the ABR, MLR, and LLR
measurements, respectively. The order of data collection was ABR, MLR, and LLR for all
subjects. The scalp-recorded potentials were differentially amplified (gain = 200,000) and
band-pass filtered (filter rejection rate = −6 dB/octave). The pass band of the filter was 0.1 –
3.0 kHz for the ABR, 10 – 300 Hz for the MLR, and 1 – 30 Hz for the LLR measurements.
During and following each click presentation, the voltage waveform in each channel was
digitized using a 16-bit digital-to-analog converter having a sampling rate of 10 kHz (MLR
and LLR) or 50 kHz (ABR). Any sweep having a peak voltage exceeding a predetermined
criterion was discarded. The number of click presentations ultimately averaged to obtain a
waveform was 4,000 for ABR, 2,000 for MLR, and 400 for LLR.

The four surface electrodes permitted the collection of two channels of data simultaneously,
one from the electrode on the earlobe ipsilateral to the ear containing the earphone and one
from the electrode on the contralateral earlobe. For the analyses reported here, the
contralateral data were discarded, and interpeak intervals are reported only between
successive peaks in the ipsilateral left and ipsilateral right waveforms. We acknowledge that
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this procedure ignores the fact that the neural output of each cochlear nucleus (where all
ipsilateral primary auditory fibers synapse) flows to both sides of the head.

2.4. Analyses
Audiology graduate students having past experience with AEP waveforms measured the
latencies for six peaks from each of the six averaged waveforms for each subject (ipsilateral
left and ipsilateral right for ABR, MLR, and, in study 1 only, LLR). The work of each
experimenter was spot-checked by a second experimenter who independently analyzed
approximately 5% of the waveforms in each latency category. Differences between
measurements made by the two experimenters were resolved through reanalysis of the peak
in question. For each subject, for each side of the head, the latency was measured for the six
peaks traditionally labeled waves I and V of the ABR, peaks Na and Nb of the MLR, and
peaks N1 and N2 of the LLR. The time differences between successive pairs of ipsilateral
peaks were calculated to yield five interpeak intervals: I → V, V →Na, Na → Nb, Nb →
N1, and N1 → N2. One additional value also was calculated and called Click → I; this is
simply the latency from the presentation of the click stimulus to wave I. (Obtaining these
latter values required making a correction that is described below.) Thus, each subject in
study 1 contributed six interval measurements for each side of the head for a total of 12
intervals per subject (fewer for study 2, where LLRs were not measured). For study 1, all
waveform measurements were made in ignorance of the sex and sexual orientation of the
subject under consideration, but not in study 2. The decision to calculate interpeak intervals
was made long after the judges had finished measuring the latencies for the various peaks.

Some waveforms were excluded because they were judged to be too noisy for accurate
determination of the relevant peaks. Also, various checks were performed on the data:
outlying values and marked lateral asymmetries for particular intervals were identified and
either verified as accurate or excluded from subsequent analyses. A few instances of
especially short-latency Na peaks were noted. These were attributed to post-auricular muscle
response (PAMR; O’Beirne and Patuzzi, 1999), and the latencies for these peaks were
omitted from the calculations of intervals. Whenever there was uncertainty about an
individual peak or interval, it was excluded from the final analyses. Accordingly, the Ns
varied across measures and comparisons.

Of interest were several questions, including: Were there sex differences or differences by
sexual orientation in the lengths of any of the interpeak intervals? Because of the large
number of pair-wise comparisons necessary to answer these questions for this data set, the
various comparisons will be summarized using effect sizes rather than statistical tests. Effect
sizes were calculated here as the difference between the means of the two groups of interest
divided by the square root of the weighted mean of the variances of those two groups. By
tradition, effect sizes of 0.2, 0.5, and 0.8 are regarded as small, medium, and large,
respectively (Cohen, 1992). In order to estimate how likely that each obtained difference
was simply a chance outcome, a resampling procedure was used (details are below).

In order to obtain comparable values for the interval Click → I, the measured latencies to
wave I had to be corrected for the subjects in the study 2. The reason is that the bioamplifier
used in study 2 (TDT HS4/DB4) introduced an electronic time delay that was longer than
the time delay introduced by the bioamplifier used in study 1 (Grass 512P). According to the
manufacturer’s specifications, that difference was nominally 1 ms. However, examination of
the data from the two studies revealed that the actual difference in time delays was smaller
than the nominal difference. For that reason, the difference in mean latency to wave I for the
two studies was calculated for the left and right side for heterosexual females and
heterosexual males, those four differences were averaged, and that average value (0.84 ms)
was subtracted from the wave-I latencies for all subjects in study 2. This correction
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eliminated the difference between studies and allowed the differences between the sexes and
sexual orientations to be revealed.

2.5. Resampling
When a large number of pairwise comparisons are made using measures that are not
independent, it is difficult to know how best to control for the experiment-wise error rate.
Resampling techniques using effect sizes can identify which outcomes are rare and unlikely
to be attributable to chance.

To implement our resampling procedure, the data for the subjects in the two conditions of
interest were pooled, that pool was partitioned at random into two groups of the same size as
the original groups, and all of the relevant effect sizes were calculated. This process was
repeated many thousands of times, and a record was kept of how often the effect sizes
calculated were equal to, or larger than, the effect sizes actually obtained in the study. For
example, when the comparison of interest was sex difference, the heterosexual females were
pooled with the heterosexual males, the pool was randomly partitioned into “females” and
“males” in accord with the relative numbers of actual females and males in the study, the
effect sizes for all six designated intervals on the left side of the head were calculated for
that resample, the effect sizes for all six designated intervals on the right side of the head
were calculated for that resample, and the absolute values of those 12 individual effect sizes
were stored for later comparison with the absolute values of the 12 effect sizes actually
obtained for those conditions. That process constituted one resample, and 20,000 such
random resamples were implemented. The use of absolute values for these comparisons is
conservative; the rationale behind that decision was that in some cases we had no strong
expectations about the direction of effect even though the literature does suggest that the
interpeak intervals for ABRs are smaller for females than for males (e.g., Elberling and
Parbo, 1987; Watson, 1996).

When the comparison of interest was sexual orientation, the heterosexual females were
pooled with the nonheterosexual females or the heterosexual males were pooled with the
nonheterosexual males, the pool was randomly partitioned in accord with the Ns of the two
contributing groups, and so on until 20,000 resamples had been obtained for each sex.

By counting how often an experimentally obtained effect size was exceeded in magnitude in
random resamples of the same data, one can gain insight into how (un)likely an
experimentally obtained outcome was. One desirable characteristic of the resampling
procedure described is that whatever dependencies might exist among the multiple
dependent measures, they were preserved in the resamples.

The actual process of pooling the data was done in a staged manner in order to guarantee
that subjects from the study 1 (who did contribute measures for the higher intervals) were
proportionately randomly partitioned before adding in the proportionately randomly
partitioned subjects from study 2. That way the Ns for the resamples were appropriate for all
the designated intervals.

2.6. Comment
Before presenting the data, it is necessary to make two important points. First, it is tempting
to think about the times between successive peaks in the AEP as representing the speed of
neural propagation in the central nervous system. Thus, shorter interpeak intervals exist
either when the speed of propagation across a fixed distance is greater or when the distance
between two locations is shorter. Møller (2007) has discussed several ways that greater
speed of propagation could be implemented, including larger diameters of the individual
neural fibers and more efficient processing at the relevant synapses and within the neurons
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themselves, but whatever the underlying mechanism, one is tempted to think of greater
speed of propagation as somehow being associated with a faster, and thus, a better brain. As
intuitive as it might be, however, reasoning of this sort is almost surely an oversimplification
in the current context, especially for the later interpeak intervals. It is correct to think of
AEP peaks as representing more-or-less synchronous firings of collections of neurons; the
more neurons contributing, or the more simultaneous their firings, the larger the peak that
emerges from the background neural noise. However, for the peaks occurring later than
wave I of the ABR, it is undoubtedly not correct to think of all those synchronously firing
neurons as being located in the same place in the brain. Collections of neurons located at
multiple places in the brain are contributing to each peak, some of which are even sending
information from higher to lower neural centers. Because the collections of individual
generators for the various later peaks are widely distributed, interpeak intervals of the sort
reported below do not translate simply into the speed of the flow of neural information from
one discrete location in the auditory brain to the next on the path from periphery to
sensorium. Furthermore, our gross, far-field technique prohibited any attempt to identify the
multiple brain locations contributing to a given peak or interval (Møller, 2007).
Accordingly, the interpeak intervals discussed here are perhaps best thought of as
representing global or overall synchrony in the auditory system.

Second, even though interpeak intervals in the AEP do not relate simply to speed of flow of
the afferent information, the size difference in female and male heads still might play a
major role in any sex differences in interpeak intervals observed. Because the studies in
which the current subjects participated were not designed initially with interpeak intervals in
mind, no measures of head size were obtained for these subjects. However, past research has
indicated that the sex differences in absolute latencies, at least for the ABR peaks, do
continue to exist after head size is taken into account (e.g., Edwards et al., 1983; Dempsey et
al., 1986; Trune et al., 1988; Don et al., 1993). Also, we have reported a substantial sex
difference in the latency to wave V in the absence of a sex difference in the latency to wave
I, and that sex difference in latency for wave V was not present in every subsequent peak
(McFadden and Champlin, 2000). Neither of these outcomes would be expected if the sex
differences were attributable solely to head size. Accordingly, we believe that head size was
not a crucial factor in the results presented here.

Of interest here were differences in the interpeak intervals by sex, by sexual orientation, by
side of head, and by use of oral contraceptives. As noted, the intervals were calculated using
only the data collected from the electrode array on the same side of the head as the clicks
were presented (ipsilateral left and ipsilateral right). Results are reported for both ears
separately, in part because two-ear averages could obscure laterality effects in the data that
ultimately may prove important. In addition, correlations were calculated among the
multiple measures obtained from the individual subjects to examine laterality and other
questions. Again, ABR, MLR, and LLR measures all were obtained in study 1, but only
ABR and MLR were obtained in study 2.

3. Results
3.1. Sex Differences

Only the heterosexual subjects were included in the analyses for differences between the
sexes. The magnitudes and variability of the various intervals are compared for females and
males in Figure 1, where the succession of six temporal intervals is illustrated as a
succession of stacked arrows. Most of the sex differences proved to be quite small. In accord
with past research (Rosenhamer et al., 1980;Dempsey et al., 1986;Trune et al., 1988),
moderately large sex differences were found for the interval I → V, for both the left and
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right sides of the head; in addition, the LLR interval N1 → N2 on the left side also exhibited
a substantial sex difference.

Beginning at the bottom left of Figure 1, it can be seen that, for the first five intervals, the
times between successive peaks in the AEP from the left side of the head were slightly
shorter for the females than for the males. Then, for the final interval the directionality of
this sex difference changed and the magnitude increased dramatically so that interval N1 →
N2 on the left side of the head was substantially longer for females than for males. On the
right side, the directionality of the sex difference also changed, but after the fourth interval
in this case, and the magnitudes of the sex differences on the right side remained small
throughout. That is, in females, the interval N1 → N2 was highly asymmetric, with the
longer interval on the left side, but in males the asymmetry was much smaller and the longer
interval was on the right side. This pattern of differences across intervals and across the head
further suggests that head size does not play a major role in the sex differences in interpeak
intervals (also see Edwards et al., 1983;Dempsey et al., 1986;Trune et al., 1988;Don et al.,
1993). Note that any comparison of “long” intervals such as Click → N2 could produce a
misleading picture of the differences between the sexes because some of the constituent
intervals are shorter for females and others shorter for males.

Table 1 provides some perspective for the sex differences shown in Figure 1. This table
contains effect sizes for the sex differences for each of the interpeak intervals and for both
sides of the head. Also shown are the Ns upon which the individual effect sizes were based.
Of the 12 effect sizes shown, only 5 were larger than 0.2 (defined as a small effect—Cohen,
1992). The three largest effect sizes were for interval I → V for both sides of the head and
for interval N1 → N2 for the left side of the head. Resampling revealed that those three
experimental outcomes were extremely unlikely to be attributable to chance.

Of the 20,000 random resamplings done for the interval I → V for each side of the head,
none yielded an effect size equal to or larger than the two effect sizes obtained
experimentally for the basic sex difference. In fact, only 4 and 9 resamples exceeded an
effect size of 0.5 for the left and right sides of the head, respectively; both of those results
correspond to a proportion of less than 0.0004. Thus, the data obtained for interval I→ V
were highly unlikely to be attributable to chance. Others also have reported a smaller I → V
interval for females (Dempsey et al., 1986; Trune et al., 1988). For the interval N1 → N2 on
the left side of the head, only 3 of the 20,000 random resamples exceeded the effect size
obtained experimentally, which corresponds to a proportion of about 0.0002. To our
knowledge, this outcome has not been reported previously. To complete the set of effect
sizes that exceeded 0.2 in Table 1: the proportion of resamples that exceeded the
experimentally obtained effect size for the interval Click → I on the left side of the head was
0.11, and the proportion for the interval V → Na on the right side of the head was about
0.12. Accordingly, those outcomes may be attributable to chance.

By comparison with the small number of sex differences in these interpeak intervals,
substantial sex differences were evident for 8 of the 19 absolute latencies and amplitudes
measured in study 1 (McFadden and Champlin, 2000). Reite et al. (1995b) reported that an
LLR-like peak had a slightly different site of origin in the brain depending upon the sex of
the subject; that difference was larger on the right side of the head, unlike the laterality
difference for LLR interval N1 → N2 in Table 1.

3.2. Sexual Orientation
Most of the differences between heterosexual and nonheterosexual subjects of the same sex
were small. The basic comparisons are shown in Figures 2 and 3, for females and males,
respectively.
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Examination of Figure 2 reveals that sometimes the nonheterosexual females had longer
interpeak intervals than the heterosexual females (a masculinized pattern), but sometimes
the reverse occurred. For the subset of these subjects who were in study 1, the absolute AEP
latencies and amplitudes generally were masculinized in the nonheterosexual females
(McFadden and Champlin, 2000).

Examination of Figure 3 also reveals no evident, consistent pattern of differences between
the heterosexual and nonheterosexual males. The absolute AEP latencies and amplitudes for
the subset of these subjects who were in study 1 generally were hyper-masculinized for the
nonheterosexual males (McFadden and Champlin, 2000).

Table 2 provides effect sizes for the differences by sexual orientation shown in Figures 2
and 3. The inconsistencies in the signs of these effect sizes highlight the lack of regular
patterns in the differences between heterosexuals and nonheterosexuals. Of the 24
comparisons shown in Table 2, nine had effect sizes exceeding 0.2 and six had effect sizes
exceeding 0.3. Of the latter, resampling suggested that five were unlikely to be attributable
to chance.

We begin with the two largest effect sizes for sexual orientation in females (left half of
Table 2): Only 208 of the 20,000 random resamples for the interval Click → I on the right
side of the head yielded effect sizes having absolute values equal to or larger than the effect
size obtained experimentally, which corresponds to a proportion of about 0.01. So that
comparison seems unlikely to be attributable to chance. Not so for the interval Na → Nb on
the left side of the head in females, however; 2736 of those 20,000 resamples equaled or
exceeded the effect size obtained experimentally, corresponding to a proportion of about
0.14. Also, none of the three comparisons for sexual orientation in females that had effect
sizes of −0.2 were rare during resampling; the proportions of resamples equaling or
exceeding those obtained effect sizes were between 0.2 and 0.3. Note that the interval
showing the largest effect size (Click → I, right side) was shorter for the nonheterosexual
females than for the heterosexual females, which is a shift away from the corresponding
value for the heterosexual males. So, descriptively, the shift was a hyper-feminization.

For sexual orientation in the males (right half of Table 2), all four comparisons having an
effect size exceeding 0.3 appear to be rather unlikely to be attributable to chance. For the
interval Click → I on the right side of the head, 908 of the 20,000 resamples had effect sizes
equaling or exceeding the effect size obtained experimentally, which corresponds to a
proportion of about 0.045. The resampling for the interval V → Na on the left and right
sides of the head yielded 392 and 414 instances, respectively, in which the effect sizes
equaled or exceeded the effect sizes obtained experimentally, and those each correspond to
proportions of about 0.02. For the interval Nb → N1 on the left side of male heads, the
relevant number and proportion were 1027 and 0.051. Note that the signs of these four effect
sizes were not the same. For the interval V → Na on both sides of the head (negative effect
sizes), the interval lengths for the nonheterosexual males were longer than those for the
heterosexual males, both of which were shifts away from the values for the heterosexual
females; so descriptively these two shifts were hyper-masculinizations. The signs for the
other two large effect sizes (Click → 1, right side, and Nb → N1, left side) were positive
and correspond, descriptively, to hypo-masculinizations. Indeed, in both of these latter
cases, the interval lengths for the nonheterosexual males were even shorter than those for the
heterosexual females.

Certain explanations about the origins of nonheterosexuality lead one to expect that those
interpeak intervals showing effects for sexual orientation would be intervals that also
showed differences between the sexes. A comparison of Tables 1 and 2 reveals that this was
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not true here. We acknowledge, but cannot explain, this curious outcome. Note, however,
that some of the absolute AEP latencies and amplitudes that showed effects for sexual
orientation also did not show a basic sex difference (McFadden and Champlin, 2000).

3.3. Lateral Asymmetry
Examination of the data in Figures 1, 2, and 3 reveals no consistent pattern of differences for
the side (ear) of stimulation for either sex, and the calculation of effect sizes (see Table 3)
revealed that the side differences that did exist generally were quite small. The primary
exception was the side difference already noted for interval N1 → N2 in the heterosexual
females (effect size = +0.54; calculated as left minus right, see Figure 2 for Ns). That same
interval showed a similar direction of effect for the nonheterosexual females (effect size =
+0.24) but an opposite direction of effect for the heterosexual males (effect size = − 0.21).
Thus, the nonheterosexual females appear to be shifted in the male direction for interval N1
→ N2. A similar, but weaker, masculinization appears to exist for the interval I → V;
heterosexual females exhibited a small positive effect size, heterosexual males were
basically symmetric for that interval, and nonheterosexual females were more like the males
than the heterosexual females.

Resampling revealed that only two of the observed differences for side of head were rare
outcomes, and both of those were for the heterosexual females. Specifically, the interval N1
→ N2 for heterosexual females had 187 resamples in which the absolute value of the effect
size equaled or exceeded the effect size obtained experimentally, which corresponds to a
proportion of about 0.009, and the interval I → V for heterosexual females yielded 1087
resamples equal to or larger than the obtained value, which corresponds to a proportion of
0.054. None of the other comparisons in Table 3 were likely to be attributable to anything
other than chance. Reite et al. (1995a) reported that an LLR-like peak had sites of origin in
the brain that were more bilaterally symmetric in homosexual than in heterosexual males; a
similar, but weak, effect exists for the LLR interval N1 → N2 in males in Table 3.

3.4. Correlations
An unexpected outcome in these data was that correlations between the ABR, MLR, and
LLR intervals were generally weak for all subject groups. That is, the early interpeak
intervals in individual subjects were not good predictors of the later interpeak intervals on
the same side of the head. The intervals I → V, Na → Nb, and N1 → N2 were chosen to
represent the ABR, MLR, and LLR time periods, respectively, and the correlations between
all pairs of those intervals are shown in the top half of Table 4. The interval I → V was
poorly related to interval Na → Nb in all subject groups, and it was generally poorly related
to interval N1 → N2 as well. The correlations between the intervals Na → Nb and N1 → N2
were greater than 0.2 only for the nonheterosexual subjects. These calculations reveal that
interpeak intervals are not routinely short in some brains and routinely long in others.
Although not shown here, the correlations with the intervals that cut across ABR/MLR and
MLR/LLR boundaries (e.g., V → Na) similarly were quite small.

Shown in the bottom half of Table 4 are the correlations across the head for the three
representative intervals I → V, Na → Nb, and N1 → N2. Those correlations were
universally positive, and all were moderately strong for all groups, which is better in accord
with intuition and expectations than the correlations in the top half of the table. (Note that
interaural correlations for interpeak intervals should be lower than interaural correlations for
the individual peaks in the AEP because estimates of intervals contain error variance
associated with both the onset and the termination of each interval.) In all subject groups, the
left/right correlations generally were high for the ABR interval I → V and grew gradually
weaker for the representative MLR and LLR intervals. These left/right correlations also
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were somewhat stronger for the heterosexual females than for the nonheterosexual females,
but this trend was not evident for the males. Note that the sharp reversal in the size and
direction of the N1 → N2 interval mentioned above for the heterosexual females did not
produce an unusual left/right correlation for that interval. These left/right correlations reveal
that the two sides of the auditory brain are more similar than are the different levels of the
auditory brain (correlations in the top half of Table 4).

In order to put into perspective the correlation values shown in Table 4, resampling was
conducted as follows: The interval values actually obtained for each measure (i.e., interval I
→ V left, interval I → V right, interval Na → Nb left, etc.) were assigned correctly to each
individual member of the group of interest (e.g., heterosexual females). Then, each
individual subject also was assigned, at random (and without replacement), all the interval
values for one of the other subjects. All of the relevant correlations were calculated, and the
values noted. This process was repeated 20,000 times and, for each correlation of interest,
the number of instances in which the absolute value of the resampled correlation equaled or
exceeded the correlation value obtained experimentally were tallied. In Table 4, those
correlations whose absolute values were exceeded by fewer than 5% of the resamples are
printed in bold font. Clearly, the experimentally obtained correlations between the two sides
of the head (bottom half of Table 4) were far more likely to be rare events than the
correlations among the ABR, MLR, and LLR intervals (top half of Table 4).

3.5. Oral Contraceptives
Certain AEPs can shift in the male direction in women using oral contraceptives (OC; see
McFadden, 2000). Knowledge of that fact raised the question of whether some AEP
interpeak intervals might be different in subjects using and not using OC. So far in this
report, all the data presented for females have been from non-users of OC, but in study 1,
data were collected from both users and non-users so a comparison was possible. (Only
normal-cycling females were hired for study 2.) The relevant latencies from the users of OC
in study 1 were analyzed as above, and the results for heterosexual users and non-users were
compared. Table 5 contains the effect sizes and Ns for the various intervals calculated for
this report. Again, all of the differences were small.

Resampling revealed that the largest effect size in Table 5 (−0.45 for interval Nb → N1 on
the left side of the head) was equaled or exceeded 1355 times, for a proportion of 0.07. The
other, smaller effect sizes obviously were associated with correspondingly larger
proportions. Thus, the effects of oral contraception on AEP intervals were small.

4. Discussion
The present results suggest that some of the time intervals between successive peaks in the
AEPs differ by sex (Table 1), by sexual orientation (Table 2), and by side of head being
tested (Table 3). Most of the effects were small, although a few of the sex differences were
substantial. Also, the heterosexual females were markedly asymmetrical for the interval N1
→ N2 (longer on the left side of the head), a finding that, to our knowledge, has not been
reported previously. The use of oral contraception had very little effect on interpeak
intervals (Table 5). Interpreting these differences is complicated by the facts discussed in the
Comments section; namely, with the likely exception of wave I, AEP peaks almost surely
represent neural activity originating from multiple generators and sites. Thus, group
differences in a particular interpeak interval seemingly are best interpreted as differences in
synchronized behavior for collections of cells relatively widely distributed through the
auditory brain.
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Females can have a slightly higher body temperature than males, and this factor has been
considered in the past as a possible basis for the sex difference in AEPs (Don et al., 1993).
However, a global difference in body temperature seemingly is inadequate as an explanation
for the fluctuating pattern of sex differences seen in Figure 1. Don et al. (1993) also
discussed other possible factors affecting sex differences in AEP latency.

The durations of interpeak intervals were moderately, positively correlated across the head,
as would be expected (Table 4, bottom). We are not aware of any other study in which
interpeak intervals from the left and right ears were compared directly; however, Durrant et
al. (1990) reported measurements that are somewhat related to ours. They stimulated only
one ear, measured the latencies for certain ABR peaks in both the ipsilateral and
contralateral records, and calculated interaural correlations for those absolute latencies. The
correlations were 0.6 and 0.9 for wave III and V, respectively, and no analysis for sex
differences was attempted. Also, the correlations here between representative ABR, MLR,
and LLR intervals generally were small (Table 4, top), revealing that auditory brains are not
universally “slow” or “fast.”

The one interpeak interval showing a difference with sexual orientation for females was
hyper-feminized in the nonheterosexuals. Two of the four intervals showing a difference
with sexual orientation for males involved a hypo-masculinization in the nonheterosexuals
and two involved a hyper-masculinization. Finding different directions of effect for different
measures is not uncommon in studies of sexual orientation; one possible explanation is what
has been called “localized effects” (see McFadden, 2002). As noted above, the absolute AEP
latencies and amplitudes showing effects for nonheterosexuals (McFadden and Champlin,
2000) were generally masculinized in females and generally hyper-masculinized in males.

Beginning with the neurons leaving the cochlear nucleus but continuing at multiple locations
beyond the hindbrain, some afferent auditory neurons cross the midline of the brain and
synapse contralaterally. Thus, there are multiple paths from periphery to cortex, some more
direct than others. One might argue, then, that any investigation of successive interpeak
intervals, like this one, should take this complex pattern of crossing into account when
calculating intervals. The simple pattern of electrodes used here precluded an elaborate
analysis of that sort. Further, too much still is unknown about the various pathways involved
to do such detailed analyses (and, as noted in the Comment above, the later peaks in the
AEP surely do not originate from single neural locations anyway). Rosenhall et al. (2003)
argued that the primary flow of afferent information in the auditory system crosses the
midline of the brain between the cochlear nucleus and the inferior colliculus. Accordingly,
one might argue that here we should have calculated our intervals ipsilaterally only through,
say, interval I → V, then calculated the interval ipsilateral-V → contralateral-Na, then
continued with the contralateral intervals. We wish to point out that an analysis of that sort
on the data available here was not likely to reveal additional differences by sex, by sexual
orientation, or by side of head from those we obtained. Were this study ever repeated using
multiple electrodes, and thus having better localization of the origins of the various AEP
peaks, then consideration might be given to the issue of crossed pathways when calculating
interpeak intervals.

AEP interpeak intervals have been reported to be longer than normal in people with
retrocochlear disorders such as space-occupying lesions and degenerative pathologies, and
following traumatic incidents. While prolonged interpeak intervals do not permit the
identification of specific etiologies, they do suggest the general presence of neurological
anomalies (e.g., Hall, 2007). Prolonged interpeak intervals also have been observed in
individuals having developmental disorders such as autism and central auditory processing
disorder (e.g., Skoff et al., 1980; Rosenhall et al., 2003; Jirsa and Clontz, 1990). The
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prolonged ABR intervals in autism may be caused by some of the anomalies in the normal
developmental processes that also are responsible for the primary symptoms of the disorder.
Because autism is far more prevalent in males than females, and the initial symptoms appear
relatively early in life, both the symptoms and the accompanying prolonged AEP intervals
may be attributable in part to the degree of exposure to androgens during prenatal
development (see McFadden 2008, 2009). Specifically, if exposure to prenatal androgens
somehow lengthened some AEP intervals, that would explain the basic sex differences
summarized in Table 1, and it would provide an hypothesis about the interval differences
seen in people with autism, nonheterosexuals, and possibly other special populations having
inherent sex differences. Evidence of hormonal influences on AEP intervals has been noted
in both animals and humans; estrogen replacement treatment can decrease ABR intervals
and certain latencies of the MLR (e.g., Coleman et al., 1994; Caruso et al., 2000).

A final comment: McFadden and Champlin (2000) reported that a weaker click level often
yielded larger differences between groups than a stronger click level. Here we have reported
interpeak intervals obtained only from the data collected with the stronger click level (70 dB
above the mean behavioral threshold of 20 separate listeners). The primary reason is that it
was generally far more difficult to identify some of the various AEP peaks in the averaged
waveforms collected with the weaker click. Not only did this diminish the Ns, it led to
worries about the representativeness of the remaining data. If future investigators use more
sophisticated electrode arrays or superior averaging procedures, they are encouraged to
consider collecting data with weaker click levels than were employed here.
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List of Abbreviations

ABR auditory brainstem response

AEP auditory evoked potential

dB decibel

Ht heterosexual

Hz Hertz

LLR long-latency response

MLR middle-latency response

ms millisecond

N number of subjects

OAE otoacoustic emission

OC oral contraceptive

PAMR post-auricular muscle response

SEs standard errors of the mean

SPL sound-pressure level
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Figure 1.
Means (standard errors, Ns) for the time intervals between successive peaks in the auditory
evoked potential, shown separately for heterosexual females, heterosexual males, and the
two sides of the head. The succession of six temporal intervals is illustrated as two stacks of
six arrows, one for the left and one for the right side of the head. All entries shown were
obtained from the side of the head ipsilateral to the ear being stimulated acoustically. The
means and SEs are in milliseconds. The data necessary for the calculation of the two latest
intervals were collected only in study 1.
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Figure 2.
Means (standard errors and Ns) for the time intervals between successive peaks in the
auditory evoked potential, shown separately for heterosexual females, homosexual females,
and the two sides of the head. All entries shown were obtained from the side of the head
ipsilateral to the ear being stimulated acoustically. The means and SEs are in milliseconds.
The data necessary for the calculation of the two latest intervals were collected only in study
1.
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Figure 3.
Means (standard errors and Ns) for the time intervals between successive peaks in the
auditory evoked potential, shown separately for heterosexual males, homosexual males, and
the two sides of the head. All entries shown were obtained from the side of the head
ipsilateral to the ear being stimulated acoustically. The means and SEs are in milliseconds.
The data necessary for the calculation of the two latest intervals were collected only in study
1.
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Table 1

Effect sizes (female minus male) and Ns for sex differences using heterosexual subjects only.

Interval

Effect Sizes Ns (Female/Male)

Side of Head Side of Head

Left Right Left Right

Click → I − 0.23 − 0.18 115/105 115/105

I → V − 0.64 − 0.74 115/105 115/105

V → Na − 0.16 − 0.22 109/99 112/105

Na → Nb − 0.05 − 0.03 116/105 120/110

Nb → N1 * − 0.15 + 0.03 46/45 44/46

N1 → N2 * + 0.79 + 0.02 48/45 47/46

Bold font indicates that fewer than 5% of 20,000 resamples had an effect size whose absolute value was equal to or greater than the obtained effect
size shown.

A plus sign indicates a longer interpeak interval in the females.

*
Measurements obtained in study 1 only
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Table 2

Effect sizes for sexual orientation (heterosexual minus nonheterosexual females or heterosexual minus
nonheterosexual males).

Interval

Females Males

Side of Head Side of Head

Left Right Left Right

Click -> I + 0.19 + 0.36 † + 0.06 + 0.32 ‡

I -> V − 0.09 − 0.20 + 0.10 − 0.12

V -> Na − 0.20 − 0.13 − 0.38 § − 0.37 §

Na -> Nb + 0.32 + 0.12 + 0.02 + 0.06

Nb -> N1 * − 0.03 + 0.15 + 0.41 ‡ + 0.10

N1 -> N2 * + 0.07 − 0.20 − 0.16 − 0.09

Bold font indicates that fewer than 5% of 20,000 resamples had an effect size whose absolute value was equal to or greater than the obtained effect
size shown.

*
Measurements obtained in study 1 only.

†
Hyper-feminized

‡
Hypo-masculinized

§
Hyper-masculinized
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Table 3

Effect sizes for differences in side of head stimulated (left minus right).

Interval

Females Males

Heterosexual Non-Ht Heterosexual Non-Ht

Click -> I − 0.10 + 0.09 − 0.04 + 0.23

I -> V + 0.26 + 0.09 + 0.05 − 0.15

V -> Na + 0.10 + 0.22 + 0.11 + 0.13

Na -> Nb − 0.01 − 0.19 − 0.00 + 0.04

Nb -> N1 * − 0.20 − 0.02 − 0.03 − 0.28

N1 -> N2 * + 0.54 + 0.24 − 0.21 − 0.12

Non-Ht = Nonheterosexual

Bold font indicates that fewer than 5% of 20,000 resamples had an effect size whose absolute value was equal to or greater than the obtained effect
size shown.

A plus sign indicates a longer interpeak interval on the left side of the head.

*
Measurements obtained in study 1 only.

Hear Res. Author manuscript; available in PMC 2011 December 1.



N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

McFadden et al. Page 22

Ta
bl

e 
4

C
or

re
la

tio
ns

 b
et

w
ee

n 
in

te
rp

ea
k 

in
te

rv
al

s (
to

p)
 a

nd
 b

et
w

ee
n 

si
de

s o
f t

he
 h

ea
d 

fo
r t

he
 sa

m
e 

in
te

rv
al

 (b
ot

to
m

).

Fe
m

al
es

M
al

es

H
et

er
os

ex
ua

l
N

on
-H

t
H

et
er

os
ex

ua
l

N
on

-H
t

L
ef

t
R

ig
ht

L
ef

t
R

ig
ht

L
ef

t
R

ig
ht

L
ef

t
R

ig
ht

I -
> 

V
 v

s. 
N

a 
->

 N
b

+ 
0.

02
−
 0

.0
1

−
0.

06
−
0.

14
−
0.

23
−
0.

02
−
0.

06
−
 0

.0
5

I -
> 

V
 v

s. 
N

1 
->

 N
2

−
 0

.0
4

−
 0

.3
2

+0
.1

8
−
0.

00
−
0.

17
+0

.1
8

+0
.2

3
+ 

0.
41

N
a 

->
 N

b 
vs

. N
1 

->
 N

2
−
 0

.0
8

+ 
0.

12
+0

.0
6

−
0.

23
+0

.0
1

−
0.

01
+0

.2
5

+ 
0.

11

H
et

er
os

ex
ua

l
N

on
-H

t
H

et
er

os
ex

ua
l

N
on

-H
t

Lt
 v

s. 
R

t
Lt

 v
s. 

R
t

Lt
 v

s. 
R

t
Lt

 v
s. 

R
t

I -
> 

V
0.

58
0.

41
0.

48
0.

51

N
a 

->
 N

b
0.

62
0.

42
0.

39
0.

45

N
1 

->
 N

2
0.

49
0.

22
0.

38
0.

30

M
ea

ns
 (L

t v
s. 

R
t)

0.
56

0.
35

0.
42

0.
42

N
on

-H
t =

 N
on

he
te

ro
se

xu
al

B
ol

d 
fo

nt
 in

di
ca

te
s t

ha
t f

ew
er

 th
an

 5
%

 o
f 2

0,
00

0 
re

sa
m

pl
es

 h
ad

 a
n 

ef
fe

ct
 si

ze
 w

ho
se

 a
bs

ol
ut

e 
va

lu
e 

w
as

 e
qu

al
 to

 o
r g

re
at

er
 th

an
 th

e 
ob

ta
in

ed
 e

ff
ec

t s
iz

e 
sh

ow
n.

Hear Res. Author manuscript; available in PMC 2011 December 1.



N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

McFadden et al. Page 23

Table 5

Effect sizes (Non-Users minus Users) and Ns for use of oral contraception (heterosexuals from study 1 only).

Interval

Effect Sizes Ns (Non-users/Users)

Side of Head Side of Head

Left Right Left Right

Click → I − 0.06 + 0.01 48/34 48/34

I → V − 0.21 − 0.15 48/34 48/34

V → Na + 0.20 − 0.33 47/34 46/35

Na → Nb − 0.32 − 0.21 46/32 45/34

Nb → N1 − 0.45 − 0.21 46/26 44/30

N1 → N2 + 0.10 − 0.31 48/34 47/34

Resampling revealed that none of these effect sizes was large enough to occur less often than 5% of the time.

A plus sign indicates a longer interpeak interval in the non-users of OC.
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