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The Test of Basic Auditory Capabilities (TBAC) consists of 19 discrimination and
identification tasks selected to study individual differences in audition. In one
TBAC study, performance was measured for 340 normal-hearing subjects, but
no investigation into possible sex differences was undertaken. That dataset now
has been re-analyzed by sex. An effect size for sex difference was calculated
for each subtest, and a resampling technique was used to estimate an implied
significance for each of those effect sizes. Because almost all the differences
observed were small, only the basic outcomes are described here, with more
detail provided in Supplementary material. Peripheral physiological measures
such as otoacoustic emissions exhibit larger auditory sex differences than do
auditory behavioral measures, revealing that those peripheral physiological
differences do not propagate simply up the auditory chain.
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1 Introduction

Although individual differences long have been observed in auditory measures, they never
have become a mainstream topic of research. Even so, about 80 years ago, a test for measuring
individual differences in musical abilities was developed by Seashore et al. (1956) and, more
recently, the Test of Basic Auditory Capabilities (TBAC) was developed (Watson et al., 1976,
1982a, 1982b, 1996; Johnson et al., 1987; Surprenant and Watson, 2002; Kidd et al., 2007).

Individual differences can cluster to produce a group difference, such as a sex difference.
Like individual differences, sex differences long have been evident in various physiological and
behavioral measures of audition (reviewed in McFadden, 1998; McFadden et al., 2018a, 2018b,
2021), but sex differences also never has become a mainstream topic for auditory research.

The version of the TBAC with the largest set of measures (Kidd et al., 2007) consisted of 19
auditory discrimination and identification subtests that used tones, noise bands, speech, and
environmental sounds, with all but one of the subtests using forced-choice tasks. The details of
the 19 subtests were provided by Kidd et al. (2007), who used that version of the TBAC to measure
individual differences in 340 listeners. Their primary interest was in identifying fundamental
auditory abilities underlying the performance on the various subtests. Kidd et al. (2007)
mentioned no examination of their dataset for possible sex differences. The large Ns and the large
number of tasks studied suggested that basic knowledge about psychoacoustical sex differences
could be expanded using that dataset. When informed that authors DM and EGP were interested
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in analyzing his dataset for sex differences, author GRK kindly provided
a spreadsheet containing the relevant data. The original Kidd et al.
(2007) dataset now is available online (Kidd et al., 2023).

What follows here is a brief summary of the procedures used for
assigning a measure of performance to each subject for each of the 19
subtests, for partitioning the subjects by sex, and for examining the
resulting sex differences for each subtest. Greater detail and discussion
is provided in Supplementary material (McFadden et al., 2024). One
reason for this reporting strategy is that the majority of the sex
differences in the Kidd et al. dataset were small and non-significant,
making it difficult to justify undue space in an archival journal. On the
other hand, the recent movement toward “open science” (Open
Science Collaboration, 2015; Nosek et al., 2015) argues that these
results do need to be reported (as do failures to replicate) in order for
the scientific literature to contain an accurate representation of reality.
The twin objectives of preserving journal space while making all
legitimate results available archivally are admirably served by the Brief
Research Reports published by THIS JOURNAL, in conjunction with
Supplementary material containing additional details.

The current results are in accord with an apparent trend in the
literature on sex differences in the auditory system: physiological
auditory sex differences generally appear to be larger than behavioral
auditory sex differences (e.g., McFadden et al., 2018a, 2018b, 2021).

2 Methods

All aspects of the Kidd et al. (2007) study were approved by the
Institutional Review Board (IRB) of Indiana University, Bloomington,
Indiana. No separate IRB approval was required for the analyses
reported here because the subjects were identified only by a
code number.

2.1 Subjects

The subjects were primarily university students who were paid for
their services. They ranged in age from 18 to 31 (mean=22.4years).
Subjects were employed only if they were categorized as “normal
hearing” following a standard audiometric screening. Kidd et al.
(2007) collected data for 340 subjects and reported on 338 subjects
(239 female, 99 male); two subjects were excluded entirely because of
poor performance on one or more subtests. In accord with common
practice at the time, subjects were offered only the two traditional
categories of Female and Male when self-identifying by sex.

2.2 Experimental procedures

Groups of up to 12 subjects were tested simultaneously in a large
sound-treated room. Subjects were tested for 90 min on each of four
consecutive weekdays. Listening was diotic using EAR 3A insert
earphones (Etymotic Research, Elk Grove, IL). The standard stimuli
for all subtests were presented at 75dB SPL. The stimulus details for
each subtest were provided by Kidd et al. (2007). About 4 years were
required to test all 340 subjects.

For 14 of the 19 subtests, the basic procedure was multi-interval
forced-choice. There were three observation intervals per trial, with

Frontiers in Psychology

10.3389/fpsyg.2024.1435529

the first interval always containing an example of the standard sound,
and the final two intervals containing the standard sound and an
alternative sound in random order. The subject’s task always was to
identify the observation interval containing the sound different from
the standard presented in the first interval. For these 14 subtests, trials
were presented in blocks of 72, which were organized as 12 groups of
6 trials each. For each group of 6 consecutive trials, the level of
difficulty was increased trial-by-trial irrespective of the subjects
response. After the first 36 trials (of 72 trials total), the two easiest
stimulus levels were discarded and two harder levels were added.
Thus, over the course of 72 trials, eight stimulus levels were presented,
and subjects responded on 12 data trials for each of the middle four
stimulus levels and responded on 6 data trials for each of the two
strongest and the two weakest stimulus levels. No trial-by-trial
feedback was given, and chance performance was 50% correct for
these 14 tasks.

For 4 of the 19 subtests (Syllable Identification, Nonsense Syllable
Identification, Word Identification, Environmental Sounds), there was
a single stimulus presentation and the subject selected a response from
three or four alternatives presented visually on a computer monitor.
Targets were masked by broadband noise, and the signal-to-noise ratio
was varied systematically across trials. No trial-by-trial feedback was
given, and chance performance was either 33% or 25% correct for
different subtests.

The exception to the above forced-choice procedures was
Sentence-Identification (subtest 18), which was open set. On each
trial, there was a single presentation of a sentence having a length of
four to 10 words and masked by broadband noise. The signal-to-noise
ratio of the sentences was varied systematically across trials. Each trial
had a 6-s response interval, during which the subject wrote the words
heard, and an overall percentage of correctly identified words was
calculated across the 80 trials of the block of trials.

The training prior to data collection was minimal because the goal
was to measure existing individual differences relatively quickly, not
differences after extensive training (compare Little et al, 2017;
McFadden et al., 2018a). Specifically, for each subtest, subjects listened
to two example trials using the easiest stimulus level; the correct
response was indicated at the end of each example.

2.3 Analyses for sex differences

For each subject for each of the subtests, Kidd et al. (2007)
calculated an overall value of percent correct across all trials (ignoring
the differing levels of difficulty of those trials). For each subtest
separately, subjects were assigned to one of ten decile groups on the
basis of that overall percent correct score; that is, ~34 subjects per
decile group. The values of overall percent correct thus calculated for
each subtest were the basic measure used for the various analyses
reported by Kidd et al. (2007).

Kidd etal. (2007) also calculated other measures of performance,
which proved important for the analyses reported here. Specifically,
for each subject for each subtest, values of percent correct were
calculated for each of the (typically 6-8) levels of difficulty of the task.
Then, within each decile group for each subtest, all the individual data
were fitted with a single sigmoid function, and the stimulus value
corresponding to 70% correct decisions was determined. In their
Table 3, Kidd et al. (2007) provided those estimated stimulus levels for
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70% correct for each of the 10 decile groups for each subtest of the
TBAGC; those estimates (here called stimulus values) permitted the
re-analyses for sex differences we are reporting here. Those estimates
allowed us to examine sex differences in units of stimulus magnitude,
not differences in percent correct.

Our re-analyses began by again using the overall percent correct
scores to partition the individual subjects into deciles of ~34 subjects
each (sexes pooled) for each of the 19 subtests (To say what surely is
obvious: Individual subjects typically fell into different decile groups
for different subtests; decile assignment depended solely upon their
overall percent correct score across stimulus levels for that subtest).
Then for each subtest, every subject in each decile group was assigned
the stimulus value estimated by Kidd et al. (2007) for that decile group
(and shown in their Table 3). That is, for each subtest, one group of 34
subjects all were assigned one value of estimated stimulus value,
another group of 34 all were assigned another estimated stimulus
value, and so on for 10 groups of ~34 subjects each. Only then were
subjects sorted by sex. (Note that one consequence of this procedure
for assigning stimulus values to individual subjects was that the
distributions for the two sex groups likely had smaller variances than
would have been the case had separate sigmoid functions been fitted
to the data for each subject individually for each subtest.) Smaller
stimulus values correspond to better performance for all subtests
except for subtest 8 (Syllable Identification), for which the percentage
of correctly identified syllables was the measure of performance. In
three instances here, a subject having an extremely low percent correct
score for an individual subtest was excluded from that analysis (only);
Kidd et al. (2007) excluded those subjects from all analyses.

For each sex for each subtest, means, standard deviations, and
standard errors were calculated across the assigned estimated stimulus
values, and effect sizes were calculated for each sex difference
comparison. The effect sizes calculated in this way are called the
actually obtained effect sizes. Here effect size was calculated as the
mean stimulus value for the females minus the mean stimulus value
for the males divided by the square root of the weighted mean of the
variances of the two distributions (after Cohen, 1992). Effect sizes of
0.2, 0.5, and 0.8 are commonly interpreted as small, medium, and
large differences, respectively (see Cohen, 1992).

In order to obtain a perspective on the magnitudes of the various
effect sizes actually obtained, a resampling technique was used (see
McFadden et al., 2012). Specifically, (1) for each of the 19 subtests
separately, the estimated stimulus values for all the female and all the
male subjects were pooled into a single group; (2) a random sample
the size of the male N was identified, and the data for those subjects
were extracted for each subtest and designated the “male” group for
that resample; (3) the data for the remaining subjects were pooled and
designated the “female” group for that resample; (4) using the “male”
and “female” groups so formed, an effect size for sex difference was
calculated for each subtest based on the estimated stimulus values; (5)
those calculated effect sizes were stored; and (6) this resampling
process was repeated 20,000 times. Then, (7) for each subtest
separately, a tally was done of the number of times an individual
resample produced a (n absolute) value of effect size that exceeded the
(absolute value of the) actually obtained effect size; (8) that tally was
divided by 20,000; and (9) the result was taken as the implied
significance of the actually obtained effect size for that subtest. Because
the tallies were calculated using the absolute values of the resampled
effect sizes, our estimates of implied significance are “two-tailed”
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(conservative). Here we use the term “negligible” to denote effect sizes
that did not achieve implied significance values of 0.10 (traditionally
called marginally significant) or smaller.

3 Results

This re-analysis of the Kidd et al. (2007) data uncovered no large
sex differences for any of the TBAC subtests. Twelve of the 19 subtests
exhibited effect sizes for sex difference smaller than +/—0.20, and the
largest effect size was only 0.32. Of the seven subtests whose effect size
was greater than 0.20, resampling revealed that only two reached a
traditionally accepted level of significance.

The summary statistics are presented in Table 1. The subtest
numbers and descriptors (columns 1 and 2) were taken directly from
Kidd etal. (2007). Columns 3 and 4 contain the means for the assigned
estimated stimulus values for females and males, respectively, and
columns 5 and 6 contain the corresponding standard deviations. The
effect sizes for each sex difference (females minus males in the
numerator) are shown in column 7 of Table 1. The levels of implied
significance from resampling are indicated by the superscripts. For
most of the subtests, a positive effect size means that males needed a
weaker signal than females for 70% correct decisions (males “better”
than females); for subtest 8 (Syllable Identification), a negative effect
size means males were “better.” [Note: Differences are not deficiencies
(McFadden et al., 2024)].

In column 7 of Table 1, bold font is used to indicate the seven
TBAC subtests having effect sizes for sex difference greater than 0.2
(absolute values); note that five of those seven differences were only
marginally significant under resampling. The largest sex difference
was for the TBAC subtest Kidd et al. (2007) called Embedded Tone
(effect size = 0.32). That task required detecting the presence/absence
of a brief tone in the middle of a sequence of nine brief tones of
random frequency. That is, it was a rather complex task compared to
most psychoacoustical tasks. The TBAC subtest with the second
largest sex difference was called Pitch (subtest 1 in Table 1; effect size
= 0.24). This was a traditional frequency-discrimination task; the
standard tone was 1.0 kHz and 250 ms in duration, and the frequency
of the comparison tone varied from 1.002 to 1.256kHz on different
trials. Thus, this task involved considerably less-complex stimuli than
the Embedded Tone task. Like Kidd et al. (2007), Rammsayer and
Troche (2012) also observed males performing better than females at
a frequency-discrimination task using pure tones (effect size =0.62).

The remainder of Table | speaks for itself. Twelve of the subtests
had sex differences that were negligible and not significant according
to resampling. Those subtests (not flagged) for which one female or
one male was excluded because of extreme performance (subtests 13,
14, and 18) exhibited negligible effect sizes, and N was not a
contributing factor.

Kidd et al. (2007, their Table 2) reported split-half reliability
coeflicients for all 19 subtests. Of those seven subtests exhibiting an
effect size for sex difference greater than 0.2 here (Table 1), all but one
had a reliability coeflicient greater than 0.72; the largest coefficient was
0.82 (Pitch and Pulse Train) and the smallest was 0.61
(Gap Discrimination).

Kidd et al. (2007) performed a factor analysis of their TBAC
results. For that analysis, they used arcsine-transformed values of
percent correct scores, a measure that did not constrain extreme values
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TABLE 1 Means, standard deviations (SD), effect sizes (female? minus male?) and implied significance levels (superscripts) for all 19 subtests of the TBAC
when ALL subjects were included.

()] (2) (3) (4) (5) 6 (7)
Subtest ~ Subtest Name and (Units Mean Standard Deviation Effect
Number® of Measure)® Females Males Females Males Size (3-4)

1 Pitch (AF in Hz) 12.68 10.55 9.48 7.20 (),24()f

2 Intensity (Al in dB) 0.78 0.80 0.57 0.60 —0.044

3 Duration (AT in ms) 28.48 25.27 16.16 14.35 0.205¢

4 Pulse train (AT in ms) 10.24 9.06 5.43 521 0.218°

5 Embedded tone (T in ms) 30.09 26.03 12.68 12.95 0.318%

6 Temporal order tones (T in ms) 56.01 50.57 27.73 25.02 0.201°¢

7 Temp. order syllables (T in ms) 116.56 128.25 48.70 58.11 —0.226°

8¢ Syllable identification (% Correct) 0.74 0.75 0.06 0.06 -0.126

9 SAMY 8 Hz (mod. depth in dB) —24.57 —24.55 3.81 3.74 —0.007

10 SAM 20Hz (dB) —23.12 —24.02 4.83 4.90 0.185

11 SAM 60 Hz (dB) —-21.21 —-21.02 3.55 3.52 —0.056

12 SAM 200 Hz (dB) —16.83 —-17.32 4.05 3.39 0.126

13 Ripple noise (dB) —5.40 -5.97 3.38 2.95 0.175

14 Gap detection (T in ms) 2.20 2.05 1.23 1.05 0.133

15 Gap discrimination (AT in ms) 38.00 35.10 14.34 13.61 0.205°

16 Syllable (CVC) identif. (S/N) —7.54 -7.59 1.53 1.52 0.029

17¢ Word identification (S/N) —10.50 —-10.59 1.48 1.77 0.054

18¢ Sentence identification (S/N) —8.24 -8.21 0.56 0.60 —0.047

19¢ Environmental sound identif. (S/N) —12.99 —13.17 1.13 1.06 0.163

*Female N =240 for most subtests; Male N =100 for most subtests; otherwise 239 or 99, respectively.

PErom Kidd et al. (2007).

“Subtests employing single stimulus presentations; all others were 3-interval, 2-alternative forced choice.

Sinusoidal amplitude modulation of a noise band.
eImplied significance, from resampling: 0.05<p <0.10.
fImplied significance, from resampling: 0.01 < p <0.05.
gImplied significance, from resampling: 0.001<p<0.01.

(unlike our estimated stimulus values). The result was four orthogonal
factors that accounted for approximately 50% of the variance across the
19 subtests. The two subtests showing the largest sex differences in the
current re-analysis (Embedded Tone and Pitch), as well as subtests 7
and 15, all loaded highly on the same factor, called Pitch and Time. The
other subtests in Table 1 that exhibited marginal significance loaded
highly on the factor called Loudness and Duration. No sex differences
were found for any of the subtests that loaded highly on the remaining
factors called Amplitude Modulation and Familiar Sounds. That
pattern of results suggests that future investigators hoping to identify
the underpinnings of sex differences in auditory behavior should focus
on subtests involving Pitch and Time. Kidd et al. (2007), especially their
Figure 2, provides more information about the factor structure
underlying the TBAC results.

3.1 Race/ethnicity

Individual differences also can cluster to produce apparent race/
ethnicity differences (reviewed by McFadden et al., 2018a, 2018b,
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2021). Estimating race differences in the Kidd et al. (2007) dataset is
difficult because of the small number of non-White subjects. The
topic is discussed in the Supplementary material (McFadden
etal., 2024).

4 Discussion

When the 19 subtests of the TBAC were examined for sex
differences, the majority of the effect sizes were negligible and not
significant according to resampling (see Table 1). Only one subtest
exhibited an effect size greater than 0.3 (Embedded Tone). Even
though that outcome was highly significant, effect sizes between 0.2
and 0.5 are viewed as only small-to-medium effects (Cohen, 1992).
Additional detail and discussion can be found in MclFadden
et al. (2024).

The auditory literature contains numerous reports of sex
differences in behavioral measures (reviewed by McFadden, 1998, and
McFadden et al,, 2018a). Those reports suggest that females have
better hearing sensitivity than males, exhibit less temporary and
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permanent noise-induced hearing loss than males, have more
overshoot than males (stronger cochlear amplifiers?), and have less
two-tone suppression than males. By comparison, males appear to
be more sensitive to both interaural time and interaural level
differences (McFadden, 1998, Figure 1), more sensitive to the cubic
difference tone generated between some tonal signals and tonal

maskers (McFadden et al., 2012, 2018a), and more sensitive in the Neff

et al. (1996) simultaneous-masking task. To the latter list now can
be added better male performance in the Embedded Tone and Pitch
subtests of the TBAC.

The literature also contains numerous reports of sex differences in
physiological measures of the auditory periphery such as otoacoustic
emissions (OAEs) and click-evoked auditory evoked potentials (AEPs)
(reviewed by McFadden, 1998, and McFadden et al., 2018b, 2021). In
general, the sex differences for OAEs and AEPs have been larger than
the sex differences reported for auditory behavior. One reason these
physiological sex differences are interesting is that they are correlated
with subject variables such as twinship, sexual orientation, heritability,
and degree of exposure to androgens prenatally (reviewed by
McFadden, 2002, 2008, 2009, 2011; McFadden and Champlin, 2000).
Also interesting is the generally weak correlations between the
physiological measures and the psychoacoustical measures (McFadden
et al., 2012, 2018b, 2021). The generally larger sex differences for
physiological measures than behavioral measures reveals that the
peripheral differences do not propagate simply up the auditory chain.
The implication is that physiological sex differences likely will provide
more insights into underlying auditory mechanisms than will
psychoacoustical sex differences.

Although no large sex differences were revealed in the TBAC
subtests, large differences have been reported for other auditory
behavioral tasks (Neff et al., 1996; summary in McFadden et al,,
2012, 2018a) and for physiological auditory measures such as
OAEs and AEPs (summary in McFadden et al., 2012, 2018b,
2021). It is tempting to ponder the possible origins of those larger
sex differences. Considerable evidence suggests that the sex
differences for OAEs are largely attributable to differential
exposure to androgens during prenatal development (McFadden,
2002, 2008, 2009, 2011). The emergence of sex differences in
click-evoked AEPs just prior to puberty (e.g., Krizman et al,,
2019) also suggests the involvement of sex hormones.
Understanding behavioral auditory sex differences is more tricky
because they could be solely physiological, solely due to
differential experience, or some combination of those two. A
recent multi-year study examined possible correlations between
various OAE and AEP measures with performance in seven
different auditory behavioral tasks (McFadden et al., 2018a,
2018b, 2021). That is, might individual (and sex) differences in
behavior be explained by individual differences in certain
The
underwhelming. Few strong correlations between behavior and

peripheral physiological measures? results  were
physiology were observed (compare Walsh et al., 2010).
Accordingly, we hope the reader will understand our reluctance
to speculate about possible bases for the small sex differences
observed in the TBAC subtests.

As personalized medicine becomes more established as a goal in
clinical practice and medical research (e.g., Goetz and Schork, 2018),

individual differences of various sorts will become of increasing
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interest. Clusters of individual differences such as sex and race/ethnic
differences also will be of increasing interest. Individual, sex, and/or
race differences in the auditory system may prove to have predictive
value for prevention or treatment for maladies of the auditory system
or for correlated maladies in other systems or organs. The small sizes
of the current sex differences do not preclude larger, perhaps clinically
relevant, differences for other auditory measures, particularly
physiological measures.

It is important to recognize that essentially the entire corpus of
current knowledge about human hearing, both physiological and
psychoacoustical measures, comes from research done at
universities in north America and western Europe and thus is based
almost exclusively on White subjects. The existence, and size, of sex
(and race) differences in other cultural groups still is unknown,
meaning that clinically relevant differences may exist in
those groups.

The small sizes of the behavioral differences reported here suggest
that they are likely to arise as incidental by-products of responses to
evolutionary pressures on characteristics other than audition.
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