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Letter to the Editor

Reliability of the auditory brainstem responses to speech over one year in
school-age children: A reply to Drs. McFarland and Cacace
In Hornickel, Knowles, and Kraus (Hornickel et al., 2012), we
provide evidence that the speech-evoked auditory brainstem
response (speech-ABR) in typically-developing eight to thirteen
year-old children is stable over the course of one year. Our compre-
hensive study of the reliability of multiple speech-ABR measures
yielded reliabilities ranging from 0.11 to 0.82 (reprinted in Table 1
column 1). While reliabilities higher than 0.7 are preferred for
clinical diagnosis (Nunnally, 1959), suitable reliability for group
analyses is 0.6 (Salvia and Ysseldyke, 2004). Drs. McFarland and
Cacace have raised concerns that the reliabilities reported in
Hornickel et al. (2012) were low which, given the large number of
measures reported, increased the likelihood of false alarms if used
diagnostically. While we understand their concerns, our intent
was to be inclusive in our reporting of reliability and we acknowl-
edge that when the situation demands it, such as in clinical use,
one would choose a small number of measures with the highest
reliability.

The reliability of the speech-ABR will probably never reach the
levels seen for click-evoked brainstem responses for a variety of
reasons, including the comparatively richer, spectrotemporally-
dynamic information present in speech compared to clicks and
the experience-dependent plasticity of the speech-ABR. However,
it is also likely that both the age of the subjects and the retest
interval contributed to test–retest variance in Hornickel et al.
(2012). The data were collected over a one year test–retest interval,
in contrast to the two week interval typical for diagnostic behav-
ioral assessments (McGrew and Woodcock, 2001; Salvia and
Ysseldyke, 2004; Torgensen et al., 1999; Wagner et al., 1999). As
may be expected, reliability of behavioral measures decreases as
the retest interval increases (McGrew and Woodcock, 2001).
Previous studies of speech-ABRs used test–retest intervals only
a fewmonths in length (Russo et al., 2004; Song et al., 2011). More-
over, ABRs of children are known to be more variable than adults
both between and within subjects (Lauter and Oyler, 1992), and
click-evoked reliability decreases with longer test–retest intervals
(Tusa et al., 1994). Thus, a longer test–retest interval, a younger
subject population, and a complex stimulation all contribute to
test–retest variability.

Due to our modest sample size (n ¼ 26), we elected to assess
reliability using Spearman’s correlations. While we agree with
Drs. McFarland and Cacace that rank ordering the data for reliability
estimates might be more appropriate for rank ordered clinical
measures, Spearman’s correlations are the more conservative esti-
mate. Reliabilities are largely the same when calculated as Pear-
son’s correlations (compare Table 1, columns 1 and 2). In fact,
a greater number of speech-ABR measures show significant
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correlations and reliabilities above 0.7 when using the Pearson’s
r. This suggests that Spearman’s correlations in some cases under-
estimated the reliability of the measures.

Reliability estimates in Hornickel et al. (2012) may also suffer
from a restriction of range (Salvia and Ysseldyke, 2004). As Drs.
McFarland and Cacace suggest, norms collected in children with
a wide range of reading ability would be most informative if the
speech-ABR is to be used with clinical populations. We expand on
our original publication by presenting additional data from 19
learning impaired childrenwho did not differ in age from the partic-
ipants inHornickel et al. (2012) (t43¼1.047, p> 0.3). Overall reliabil-
ities are generally the same in this broader dataset (compare Table 1,
columns 2 and 3), suggesting that these speech-ABR measures are
consistent across a group of children with a wide range of reading
ability.

While we maintain that the speech-evoked auditory brainstem
response contributes valuable information to the assessment of
auditory processing, we do not advocate use of the particular stim-
ulus; presentation, recording, and processing parameters; or
recording hardware and software utilized in Hornickel et al.
(2012) for immediate clinical purposes. We expect that reliability
can be strengthened with refinements to the stimulus and
recording parameters. We are in the process of designing such
a clinically-oriented protocol with a different stimulus, and it
includes a small subset of the 37 response measures reported in
Hornickel et al. (2012), namely the specific timing and frequency-
domain measures previously shown to be discriminative of reading
and/or speech-in-noise perception abilities (Anderson et al., 2010a,
2010b; Banai et al., 2009; Hornickel et al., 2009; Wible et al., 2004).
When considering only this subset of measures (timing of Peak V,
Trough A, and Trough O; spectral amplitudes), reliability coeffi-
cients are on the order of 0.7–0.9 (see Table 2) for both the original
typically-developing cohort and the expanded dataset including
learning impaired children. In addition to having higher reliabil-
ities, our selection of a targeted subset of clinically-oriented
measures also reduces the possibility of false alarms.

It is important to note that the weakest reliabilities in Hornickel
et al. (2012) and the expanded dataset are seen for the manually-
identified peak and trough latencies, which are most susceptible
to the subjective judgments of raters. Objective indices, such as
the within-session consistency and spectral encoding measures,
have reliabilities approaching or exceeding 0.7 for responses in
both quiet and noise. We also measured the stability of the
speech-ABR waveform morphology by correlating responses from
Year 1 and Year 2 for responses in quiet and noise (respectively)
and found that the speech-ABRs across the two years share much
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Table 1
Reliabilities for speech-evoked brainstem response measures to a 170 ms /da/ pre-
sented in quiet and noise from 26 typically-developing children from Hornickel
et al. (2012) as assessed by Spearman’s correlations (column 1) and Pearson’s corre-
lations (column 2). Reliabilities, as calculated by Pearson’s correlations, are also
provided for an expanded dataset that includes 19 learning impaired children of
the same age (column 3). Significant correlations, p < 0.05, are bolded.

Reliability

Spearman’s rho
(n ¼ 26)

Pearson’s r
(n ¼ 26)

With 19 learning
impaired children,
Pearson’s r (n ¼ 26)

Timing
Response latencies in quiet
Peak 9 0.123 �0.034 �0.012
Trough 10 0.139 �0.056 0.011
Peak 42 0.565 0.328 0.218
Trough 43 0.456 0.510 0.449
Peak 52 0.473 0.343 0.528
Trough 53 0.484 0.563 0.271

Response latencies in noise
Peak 9 �0.185 �0.150 �0.146
Trough 10 �0.154 �0.096 �0.174
Peak 42 0.566 0.581 0.340
Trough 43 0.401 0.481 0.235
Peak 52 0.590 0.360 0.371
Trough 53 0.305 0.250 0.153

Quiet-to-noise phase shift
Low Harmonics 0.355 0.449 0.022

Within-session replicability
Quiet 0.664 0.709 0.741
Noise 0.667 0.699 0.673

Amplitude (signal-to-noise ratio)
Quiet SNR 0.752 0.500 0.591
Noise SNR 0.601 0.601 0.424

Spectral encoding
Quiet
F0 0.815 0.807 0.822
H2 0.662 0.682 0.542
H3 0.319 0.360 0.035
H4 0.339 0.464 0.416
H5 0.586 0.633 0.662
H6 0.510 0.582 0.626
H7 0.740 0.784 0.649
H8 0.202 0.025 0.102
H9 0.540 0.660 0.459
H10 0.358 0.800 0.686

Noise
F0 0.656 0.632 0.622
H2 0.231 0.175 0.074
H3 �0.195 �0.101 �0.199
H4 �0.117 �0.068 0.017
H5 0.328 0.700 0.351
H6 0.429 0.582 0.265
H7 0.336 0.362 0.363
H8 0.142 0.241 �0.088
H9 0.511 0.530 0.341
H10 0.598 0.649 0.427

Table 2
Reliabilities (Pearson’s r) for responses to a 40 ms /da/ stimulus presented at 10.9 Hz
for the same subjects in Hornickel et al. (2012) (column 1) and for the expanded
dataset that includes 16 learning impaired children of the same age (column 2).
Data from 2 participants in the original dataset and from 3 of the learning impaired
children included in Table 1 were lost due to computer errors. Significant correla-
tions, p < 0.05, are bolded.

Reliability (Pearson’s r)

From Hornickel
et al. (2012)
(n ¼ 24)

With 16 learning
impaired children
(n ¼ 40)

Timing
Response latencies in quiet
Peak V 0.569 0.779
Trough A 0.801 0.797
Trough O 0.516 0.437

Neural synchrony
VA slope 0.326 0.503

Spectral encoding
Quiet
F0 (103–120 Hz) 0.821 0.789
F1 (410–755 Hz) 0.925 0.918
HF (755–1130 Hz) 0.855 0.774
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of their variance (quiet: r ¼ 0.799; noise: r ¼ 0.689). Thus, the
response waveforms are quite reliable from one year to the next
and the weaker reliability for discrete peak and trough latencies
is likely due to the more subjective nature of the analysis. We
continue to develop new, objective analysis techniques that can
capture the precision of auditory timing without the limitations
of traditional methods like manual peak picking (Kraus, 2011;
Skoe et al., 2011). Both this study and our continuing research indi-
cate that automated, objective measures yield the highest reli-
ability and might best be applied in the clinic.
Wewant to conclude by defending our position that the speech-
ABR be considered as part of an assessment battery of auditory pro-
cessing. We have not, nor will ever, argue that the speech-evoked
auditory brainstem response be used for dichotomous diagnostic
decisions of reading or auditory processing impairments. Common
practice is to make a diagnostic decision based on performance
across a number of observations and measurements and, in that
spirit, we maintain that the speech-ABR can provide a biological
complement to a comprehensive assessment. Speech-ABRmeasures
not only reflect cognitive communication skills such as reading and
hearing in noise (Anderson et al., 2010a, 2010b; Banai et al., 2009;
Hornickel et al., 2009; Wible et al., 2004), but reliability indices
reported here are comparable to behavioral tests commonly used
in auditory processing batteries, such as the Dichotic Digits, Pitch
Patterns, Selective Auditory Attention, Competing Sentences, and
SCAN tests, which range from approximately 0.55 to 0.99, and are
generally near 0.7 (Amos and Humes, 1998; Bakker et al., 1978;
Domitz and Schow, 2000; Keith, 2000).

We thank Drs. McFarland and Cacace for their feedback and
their continuing efforts to validate the test–retest reliability of audi-
tory processing assessments, particularly for clinically-oriented
measures (McFarland and Cacace, 2002; McFarland and Cacace,
2003; McFarland and Cacace, 2011; McFarland and Cacace, 2012).
We maintain that the auditory brainstem response to speech is
an objective measure of auditory processing that captures rich,
multi-dimensional information about the biological processing of
complex sounds. Although clinically-oriented techniques are still
being refined, analyses of the utility and consistency of the
speech-evoked ABR within individuals is encouraging.
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