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We reply to Denenberg’s (1999) recent critique of our work (Mody, Studdert-Kennedy, & Brady, 1997). Denenberg mounted two main
lines of criticism, one concerning characteristics of the population sampled for the experimental group, and the other a statistical critique,
concerning (a) violation of parametric assumptions for use of the F distribution and (b) our supposed acceptance of the null hypothesis
of no differences between experimental and control groups. We show that the first criticism stemmed from a misunderstanding of the
experimental hypothesis and that the second can be answered by both parametric and nonparametric comparisons across conditions
within the experimental group, without reference to the control group. Thus, our original conclusion stands: The difficulty with rapid
/ba/~/da/ discrimination that some children with reading impairment may experience does not stem from difficulty in discriminating

the rapid spectral transitions at stop-vowel syllable onsets.

e have critically reviewed all
the relevant work by Tallal,
either in the introduction to

the article under discussion or else-
where (Studdert-Kennedy & Mody,
1995). Here it should suffice to note the
immediate antecedents to our study. In
her only study of children with specific
reading impairment, Tallal (1980) ex-
tended to this population use of the
rapid tone discrimination procedure
she had previously used on children
with specific language impairment
(Tallal & Piercy, 1973, 1974, 1975). She
reported that only 9 (45%) of her 20
participants with reading impairment
made more errors than the worst of
12 nondisabled controls, but she also
reported a highly significant rank-
order correlation coefficient (rtho = .81,
p < .001) for the whole group, between
rapid tone discrimination and non-
sense word reading.

In an attempt to account for this cor-
relation, Tallal speculated that children
with reading impairment might suffer
from the same combination of deficits
as the dysphasic children of her earlier

studies (Tallal & Piercy, 1973, 1974,

1975), namely, difficulty in discrimi-
nating between both rapidly presented
tones and rapidly presented stop-
vowel syllables (/ba/-/da/); the latter
difficulty in speech perception would
then underlie the children’s phonolog-
ical deficit in reading. Tallal further
speculated that both speech deficits
and nonspeech deficits would reflect
impairment in the same “basic percep-
tual mechanism” (p. 196) for analyzing
rapidly changing acoustic information,
such as the discrete pitch change in
brief, rapidly presented tone pairs and
the spectral sweep in the onset transi-
tions of stop-vowel syllables.

The predicted combination of speech
and nonspeech deficits in some chil-
dren with specific reading impairment
was indeed confirmed by Reed (1989),
the only researcher to have tested such
children with the Tallal paradigm on
both tones and stop-vowel syllables.
Reed did not confirm, however, that
these two deficits arose from failure of
the same perceptual mechanism, nor
has any subsequent experiment tested
the hypothesis that children with read-
ing impairment who have difficulty

in discriminating /ba/ from /da/ at
rapid presentation rates also have dif-
ficulty in discriminating rapidly pre-
sented nonspeech spectral sweeps cor-
responding to stop-vowel syllable
onset transitions. That was the main
purpose of our study.

We turn now to Denenberg’s (1999)
critique. We omit comment on many
minor errors, such as his notion that
the lack of significant group differ-
ences on sine wave identification and
discrimination training constituted an
“experimental failure” (p. 381, middle
column). In fact, of course, this out-
come was exactly what we had ex-
pected. But because the training portions
of the study were entirely secondary
and had little bearing on our overall
conclusions, we concentrate on Denen-
berg’s two main lines of criticism.

Participants and Reading
Impairment

The main purpose of our study was
not, as Denenberg implies, “to under-
stand students with reading impair-
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ment” (p. 383). Our intent, explicitly
stated in the article (Mody et al., 1997,
p- 207), was to test Tallal’s hypothesis
that the difficulties some poor readers
may experience in /ba/-/da/ tempo-
ral order judgment (TOJ) and discrim-
ination at rapid presentation rates stem
from difficulties in discriminating the
rapid acoustic changes at syllable on-
sets. For this, we obviously required a
sample of poor readers who had diffi-
culty with /ba/~/da/ TOJ at short in-
terstimulus intervals (ISIs) and a con-
trol sample of good readers who did
not (Experiment 1a). We could then
test the poor readers in two ways. First,
we could ask whether their difficulties
with TOJ at short ISIs persisted for a
more easily discriminable pair of sylla-
bles (i.e., stop-vowel vs. fricative-
vowel); if the difficulties disappeared,
we could conclude that they had been
due not to TOJ itself but to being re-
quired to discriminate acoustically and
phonetically similar syllables at short
ISIs (Experiment 1b). Second, we could
ask whether the children’s difficulties
with /ba/-/da/ discrimination per-
sisted when the stimuli were non-
speech control patterns acoustically
matched to the onset transitions of
/ba/ and /da/; if the difficulties dis-
appeared, we could conclude that they
were phonetic——that is, specific to
speech—and were not due to the gen-
eral auditory deficit hypothesized by
Tallal (Experiment 2).

For control purposes we also needed
an appropriately matched sample of
children without reading impairment
and without difficulties in rapid
/ba/~/da/ TOJ. The main function of
the control group was to provide a nor-
mal baseline for performance on the
nonspeech task, on which, due to the
unfamiliar quality of the sounds, errors
were likely to be significantly higher
for both groups than on speech. As we
shall see, all the main conclusions of
the article can be reached by within-
group comparisons across conditions
on the poor readers without reference
to the control group.

In any event, as we explicitly stated,
the requirement that the poor readers
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should have difficulty with /ba/-/da/
TOJ and that the good readers should
not,

ptrecluded either good readers or poor
readers from being fully representative
samples of the good and poor reading
populations. Rather, they were samples
from experimentally defined popula-
tions of good readers who make no er-
rors on Tallal’s task and of poor readers
who make at least 8% errors on that task.
Because the main goal of the study was
to test a hypothesis concerning the cause
of errors on the task, these were appro-
priate target populations. (Mody et al.,
1997, p. 211)

We stand by this statement and believe
that our conclusions can be fairly ex-
trapolated to those populations.

Finding 20 poor readers and 20 good
readers, matched for age and intelli-
gence, who also met the /ba/-/da/
task performance criteria proved sur-
prisingly difficult (see Mody et al,
1997, footnote 4, p. 209, and footnote 5,
p. 210). Among other constraints, we
were obliged to settle for poor readers
who were no more than 5 months de-
layed, on average, compared with the
full-year delay of Tallal’s (1980) group
(of which, we should recall, 55% per-
formed normally on the tone task).
Denenberg argues that because our
poor readers “did not meet the crite-
rion specified by Stark and Tallal (1988)
for classification as ‘reading-impaired” “
(p. 383), we can draw no inferences to
a population that includes children
with more severe impairments.

Yet, as we remarked in our article and
here repeat, whether the difference in
reading level is a serious concern de-
pends . . . on how likely it is that identi-
cal difficulties with /ba/-/da/ TOJ stem
from different perceptual deficits in more
severely impaired than in less severely
impaired readers. We do not find this
likely. (p. 223)

As the immediately following sen-
tences should have made clear to an at-
tentive reader, we did not find it likely
because

several large-scale studies converge on
the conclusion that reading ability is nor-
mally distributed with no qualitative dif-
ference between those who are simply
less skilled and those who meet standard
criteria as reading-disabled (e.g., Shay-
witz, Escobar, Shaywitz, Fletcher, &
Makuch, 1992; Stanovich & Siegel, 1994).
If this is so, the results of the present ex-
periments can be generalized to specifi-
cally reading-impaired children who have
difficulty with /ba/-/da/ TOJ, regard-
less of their degree of reading impair-
ment. (Mody et al., 1997, p. 223)

Here, Denenberg finds that our “rea-
soning is questionable” (p. 382). But he
does not, in fact, question our reason-
ing. He does not question the evidence
that reading ability is normally distrib-
uted; nor does he question the propri-
ety, in light of that evidence, of gener-
alizing our conclusions to other
children who have difficulty with
/ba/—/da/ TOJ. All that Denenberg
offers by way of criticism are two
derogatory epithets and a portentous
dictum. First, he finds our placing of
poor readers on a continuum with
more severely impaired readers to be
“highly dubious” (p. 382. He does not
explain why he finds it dubious.). Sec-
ond, Denenberg finds that the use of
ba/-/da/TO] as the “ultimate crite-
rion for defining a reading-impaired
population is weak.” (We entirely
agree. This criterion was proposed by
Tallal [1980], not by us. Subsequently,
Tallal, Stark, and Mellits [1985] pro-
posed the criterion not as “ultimate,”
to be sure, but as one of six variables by
which “language impairment can be
accurately identified” [Tallal, 1999,
p- 222].) Finally, we read: “Knowledge
in a field is not advanced by drawing
subjective conclusions, such as ‘We do
not find this likely’ ” (p. 382). (Nor, we
might add, is knowledge advanced by
enouncing moral platitudes. Evidently,
Denenberg did not understand that the
studies cited in the next sentence,
quoted above, supplied objective evi-
dence to support our “subjective con-
clusions.”)

In short, Denenberg objected to our
participants because he failed to grasp



that we were engaged not in a norma-
tive study of children with reading im-
pairment, but merely in testing Tallal’s
hypothesis concerning the perceptual
mechanism underlying the errors of
some such children on /ba/-/da/ TOJ
and discrimination under time pres-
sure.

Statistical Methods and
Inferences

Denenberg raises two main objections
to our statistical methods and infer-
ences: first, that we repeatedly ac-
cepted the null hypothesis as proved
rather than as not rejected, and, sec-
ond, that we used analysis of variance
on data sets for which the required
population assumptions of normality
and homogeneity of variance were not
met.

We begin with two preliminary
points. First, we agree that in several
places, correctly noted by Denenberg
(e.g., p. 380, 381), we slipped into
phrasing that seems to take the lack of
evidence for a difference between
groups as evidence for the lack of a dif-
ference. We were, however, meticulous
in framing our conclusions, as Denen-
berg himself acknowledges (p. 383):
We summarized the outcome of our
study not as disproving Tallal's hy-
pothesis but as failing to support it
where support would be expected
(Mody et al., 1997, p. 224).

Our second and more substantive
point is that, as remarked above, the
main results of the study (Experiments
la, 1b, and 2) stand unchanged by
analyses that disregard the control
group and rest their conclusions on
significant differences across condi-
tions for the poor readers alone.

Experiments 1a and 1b

In Experiment 1a the poor readers dis-
played a monotonic increase in errors

as ISI decreased on /ba/-/da/ TOJ
and discrimination. That is, for these

acoustically and phonetically similar
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speech stimuli, when the interval be-
tween them was shortened, the poor
readers made progressively more er-
rors. By contrast, when each of these
stimuli (/ba/, /da/)was paired with an
item that was acoustically and phonet-
ically very different, thatis, /ba/~/sa/
and /da/-/fa/ (not /da/-/fa/, as
Denenberg has it), the poor readers
made essentially no errors at all: One
TOJ error and two discrimination er-
rors on 240 trials at the shortest ISI for
/da/-/fa/ (Experiment 1b). The mean
error curves as a function of ISI were,
therefore, flat at, or very close to,
zero—strikingly different from the
falling functions of Experiment 1a (see
Figure 1 of Mody et al., 1997, and, for
/ba/-/da/ discrimination, see Fig-

MEAN NUMBER OF ERRORS
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ure 1, below). If we are skeptical, we
can test the significance of the differ-
ence between stimulus conditions at
each ISI for both tasks by a series of
simple sign tests. The results are the
same for both tasks: no significant dif-
ference between conditions at 100 ms
ISI, and significantly more errors on
/ba/—/da/ at both 50 ms (p < .05) and
10 ms (p < .01).

Far, then, from there being “no
meaningful interpretation of the lack
of findings in Experiment 1b,” as Den-
enberg states (p. 381), the lack of an
effect of ISI for poor readers in Experi-
ment 1b contrasted with the presence
of a strong effect of ISI for the same
participants in Experiment la, and
served to establish our conclusions as

O GOOD READERS
M POOR READERS
—SPEECH
------ NON-SPEECH

10

50 100

INTERSTIMULUS INTERVAL (ms)

FIGURE 1. Mean number of errors by good and poor readers as a function of
ISt on speech (/ba/-/da/) and nonspeech discrimination. (Reprinted from

Mody et al., 1997.)
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originally stated: “These findings
demonstrate that the poor readers’ dif-
ficulties with /ba/—/da/ TOJ do not
reflect a general problem with tempo-
ral order analysis: Poor readers judge
temporal order accurately, even at
rapid rates of presentation, if they can
identify the items to be ordered”
(Mody et al., 1997, pp. 215-216).

Experiments 1a and 2:
Poor Readers

Figure 1 (reprinted from Figure 2 of
Mody et al., 1997) plots discrimination
errors of good and poor readers as a
function of ISI for /ba/-/da/ (Experi-
ment la) and for the nonspeech sine
wave control stimuli (Experiment 2).
Of interest here are the falling curve of
the poor readers as a function of ISI for
speech and their more or less flat curve
for nonspeech. We reported the appro-
priate two-way ANOVA across speech
and nonspeech conditions for poor
readers alone (Mody et al, 1997,
p- 218), but the test seems to have es-
caped Denenberg’s notice. The results
showed no effect of condition on the
overall error rate, but a significant
main effect of IS, due to its strong ef-
fect on speech, as shown by a signifi-
cant Condition x ISI interaction. From
this and the previously reported three-
way analysis across groups, we con-
cluded that “the poor reader’s difficul-
ties with /ba/-/da/ were specific to
speech, and cannot be attributed to a
general auditory deficit in the percep-
tion of brief patterns of rapidly chang-
ing acoustic information” (Mody et al.,
1997, pp. 218-219). We stand by this
conclusion.

We were, of course, well aware that
our data might not meet the standard
assumptions for use of the F distribu-
tion, a normal population distribution,
and homogeneous population vari-
ances. We therefore relied on the well-
known sampling experiments of D. W.
Norton, reported at some length by
Lindquist (1953). The general conclu-
sions, in Lindquist’s words, were that
(a) “the F-distribution seems so insen-
sitive to the form of the {parent] distri-
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bution . . . that it hardly seems worth-
while to apply any statistical test to the
data to detect non-normality”; (b) “un-
less the heterogeneity of form or vari-
ance is so extreme as to be readily ap-
parent upon inspection of the data, the
effect upon the F-distribution will
probably be negligible” (p. 86).

Denenberg is apparently less liberal
in these matters. We have therefore
computed Kendall’s Coefficient of
Concordance (W; Ferguson, 1981) for
the speech and nonspeech ISI func-
tions of the poor readers. To do this, we
ranked the errors across ISIs for each of
the 20 participants on speech and non-
speech and then estimated the effect of
ISI under each of the two conditions by
computing W. (Readers interested in
checking the raw data for these com-
putations should refer to Tables D and
G in the Appendix of Mody [1993].) W
is a nonparametric equivalent of the
correlation ratio (eta squared), an esti-
mate of the proportion of the total vari-
ance of ranks that can be attributed to
variations in ISI; its values range from
0 to 1 and can be tested against the
F distribution in a procedure analo-
gous to that for the squared Pearson
product-moment correlation coeffi-
cient. The results were as follows: For
speech, W=.33, F(2,36)=9.36,p < .01;
for nonspeech, W= .02, F(2, 36) = 0.47,
p >'.50. Thus, for the poor readers, 1SI
had a highly significant effect on
speech, but no effect on the nonspeech
control. These results confirm our orig-
inal conclusions, quoted earlier.

Experiment 2: Good Readers

Denenberg is concerned with the
Group x ISI interaction for nonspeech
discrimination, evident in Figure 1. An
ANOVA found no significant differ-
ence between groups but a significant
Group x ISl interaction, obviously due
to the sharp increase in errors at the
shortest ISI for good readers. A post
hoc Scheffé test of the increase proved
not to be significant, however, and we
concluded that there was no evidence
for an effect of ISI on nonspeech dis-
crimination for either group. Denen-

berg chides us for this, accusing us of
using “a contrived analysis” (p. 382)
and “a statistical stratagem to justify
ignoring . . . [the] interaction” (p. 383).
In fact, our post hoc test was merely a
standard procedure in statistical analy-
sis for locating and estimating the sig-
nificance of an interaction.
Denenberg’s concern with this issue
arises from his mistaken belief that the
interaction “runs contrary to . . . [our]
theoretical expectations” (p. 382). Once
again, he reveals his complete failure
to understand the background and ra-
tionale of the experiments. Our theo-
retical expectations were based on the
hypothesis that the speech perception
difficulties of some poor readers arise
from language-related deficits in
phonological representation, not from
the general auditory deficit posited by
Tallal. We therefore expected that poor
readers who had difficulty in discrimi-
nating /ba/-/da/ at short ISIs would
have no more difficulty than normal
controls in discriminating matched
nonspeech acoustic control patterns at
the same short ISIs. This is exactly
what we found. Similarly, because we
do not believe that auditory discrimi-
native capacity in normal-hearing par-
ticipants has any bearing on reading
capacity, we had no expectations re-
garding good readers’ discrimination
of nonspeech control patterns. We ex-
pected auditory and phonetic discrim-
inative capacity to vary independently.
Tallal, by contrast, believes that good
and poor readers are distinguished by
their ability to process rapidly chang-
ing acoustic stimuli: Good readers can
handle them, poor readers cannot.
Poor readers should therefore make
more errors than good readers and
should be more affected by brief ISIs.
Yet, what we observed was precisely
the reverse: Good readers made more
errors across the board on the non-
speech task than poor readers (al-
though not significantly) and, if we
take the significant interaction seri-
ously, were more affected by ISI. Ironi-
cally, computation of Kendall’s Coeffi-
cient of Concordance to estimate the
effect of ISI on discrimination of the



nonspeech control patterns by good
readers gives a significant value of
W = .15, F(2, 36) = 3.45, .01 < p < .05.
Perhaps, then, we were wrong to ac-
cept Scheffé’s conservative verdict on
the interaction. If so, good readers
were indeed more affected by ISI than
poor readers, and we have here (con-
trary to Tallal’s hypothesis and to Den-
enberg’s understanding) further evi-
dence that lack of skill in processing
rapid frequency sweeps at short ISIs
does not predict reading capacity.

Conclusions

We have tried not to bore the reader by
taking up every point of misunder-
standing in Denenberg's critique. We
hope, however, that we have taken up
enough to show that his attempt to un-
dermine the article is without merit.
We are encouraged by the fact that,
since we wrote, at least five other pub-
lished papers have tested aspects of
Tallal’s hypothesis and found it want-
ing (Best & Avery, 1999; Bishop, Car-
lyon, Deeks, & Bishop, 1999; Bradlow
et al, 1999; McAnally, Hansen, Cor-
nelissen, & Stein, 1997; Nittrouer,
1999). Thus, not one of six independent
studies has found evidence in children
with either specific language impair-
ment or specific reading impairment
for the auditory deficit that ¥ Tallal
proposes as the basis of their disorder.
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