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The Tritone Paradox: Some Further
Geographical Correlates

DIANA DEUTSCH
University of California, San Diego

In a study by Deutsch (1991), a large and highly significant difference in
perception of the tritone paradox was found between a group of sub-
jects who had grown up in California and a group who had grown up in
the south of England: In general, where the Californian group tended to
hear the pattern as ascending the English group tended to hear it as
descending, and vice versa. The present paper documents some further
geographical correlates that are derived from the data obtained by
Deutsch (1991). The strength of the relationship of pitch class to per-
ceived height was found to depend on the overall heights of the spectral
envelopes under which the tones were generated. However, the direction
of this dependence differed significantly depending on the subject popu-
lation. For subjects showing a “Californian pattern” (i.e., whose overall
peak pitch classes were in the range moving clockwise from A#-B to
D#—E), this relationship was more pronounced for tones generated un-
der lower spectral envelopes, and so when the tones were perceived as
lower in overall height. In contrast, for subjects showing an “English
pattern” (i.e., whose overall peak pitch classes were in the opposite
region of the pitch-class circle), this relationship was more pronounced
for tones generated under higher spectral envelopes, and so when the
tones were perceived as higher overall instead. Given the literature on
the pitch of speech as a function of linguistic community, these findings
provide further evidence that perception of the tritone paradox is re-
lated to the processing of speech sounds.

T HE tritone paradox, which was first described by Deutsch (1986), is
generated by two successively presented tones that are related by a
half-octave. Each tone consists of six octave-related harmonics whose
amplitudes are determined by a bell-shaped spectral envelope. Such tones
are clearly defined in terms of pitch class—for example, one tone pair is
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clearly heard as C followed by F#, and another as G# followed by D.
However, the tones are ambiguously defined in terms of height—for exam-
ple, a tone pair that consists of C followed by F#can in principle be heard
either as ascending or as descending.

When listeners are asked to determine whether such tone pairs form
ascending or descending patterns, their judgments are systematically re-
lated to the positions of the tones along the pitch-class circle: Tones in one
region of the circle are heard as higher and those in the opposite region as
lower. Even more remarkably, there are strong differences among listeners
as to which tone pairs are heard as ascending and which as descending,
and so as to which region of the pitch-class circle is heard as higher and
which as lower. Thus, for example, some listeners hear the pattern C—F#
as ascending and F#—C as descending, whereas other listeners obtain the
opposite percepts. As illustration, Figure 1 shows one subject’s judgments,
together with the orientation of the pitch-class circle with respect to height
derived from these. The pitch classes that are perceived as highest along
this circle are termed peak pitch classes.

In considering possible explanations of these phenomena (see also
Deutsch, 1987; Deutsch, Kuyper, & Fisher, 1987), the author conjectured
that perception of the tritone paradox might be related to the processing of
speech sounds. More specifically, it was hypothesized that during child-
hood, listeners acquire a long-term representation of the pitch range of the
speaking voices to which they are most frequently exposed. This represen-
tation includes a definition of the octave band that contains the largest
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Fig. 1. Graph on left shows, for one subject, the percentages of judgments that a tone pair
formed a descending pattern, plotted as a function of the pitch class of the first tone of the
pair. Hlustration on right shows the orientation of the pitch-class circle with respect to height
derived from these judgments. For this subject, the peak pitch classes were D and D#.
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proportion of pitch values in such speech, and this in turn influences the
pitch range of the listener’s own speaking voice (Deutsch, 1991; Deutsch,
North, & Ray, 1990). Furthermore, the pitch classes delimiting the octave
band are taken by the listener as defining the highest position along the
pitch-class circle, which in turn defines the orientation of the circle with
respect to height as reflected in judgments of the tritone paradox.

Support for the conjecture that perception of the tritone paradox is
related to the processing of speech sounds was found by Deutsch et al.
(1990), who obtained samples of roughly 15 min of spontaneous speech
from a group of subjects. The pitch classes delimiting the octave band
containing the largest number of pitch values in these speech samples were
found to correlate significantly with the pitch classes that stood at the
highest position along the circle, as derived from judgments of the tritone
paradox.

Support for the conjecture that such a pitch-class template is acquired
developmentally through exposure to speech sounds in the listener’s envi-
ronment was obtained by Deutsch (1991) in a study comparing perception
of the tritone paradox among a group of Californians and among a group
from the south of England: When the Californians tended to hear the pat-
tern as ascending, the English tended to hear it as descending, and vice versa.
Further supporting evidence was provided by Dolson (1994) in a review of
the literature on the pitch of speech as a function of linguistic community.
As he pointed out, most listeners confine the pitch range of their speech to
roughly an octave, and the pitch of women’s voices in a given linguistic
community is close to an octave above that of men. Within a given commu-
nity, most speakers have pitch ranges that are within three semitones of the
group mean (or even narrower). However, when comparison is made be-
tween communities, large differences between group means can be demon-
strated. For example, a difference of nearly five semitones has been found
between the group means for Californian and for Polish males. Also very
significantly, the pitch range of speech is surprisingly independent of the
physiological characteristics of the speaker, such as laryngeal size or various
body dimensions such as height, weight, and chest size.

The above hypothesis raises an interesting question. Assuming that
there is an agreed-upon template that is used in interpreting speech within
a given community, how does the listener deal with the pitch characteris-
tics of speech from different communities? This question leads us to hy-
pothesize further that listeners develop not only a primary pitch-class
template that is appropriate to the dialect that they most frequently en-
counter, but also one or more subsidiary templates that are appropriate to
dialects that they encounter less frequently (or possibly have encountered
at a less critical age).

Applying this line of reasoning to the tritone paradox, we can hypothe-
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size that for subjects within a given linguistic community, tones in one
pitch range might produce a pronounced profile relating pitch class to
perceived height, while tones in different pitch ranges might produce
other, subsidiary profiles.

The profiles in the experiment of Deutsch (1991) were obtained by
using tone pairs that were created under envelopes placed at four different
positions along the spectrum. The envelopes were spaced at half-octave
intervals so as to control for possible effects based on the relative ampli-
tudes of the individual harmonics of the tones. As shown in Figure 2, the
peaks of the spectral envelopes were 262 Hz (C,), 370 Hz (Ft,), 523 Hz
(Cs) and 740 Hz (Fy;).

In this experiment, the data from tones generated under the four enve-
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Fig. 2. Represention of the spectral composition of the tones constituting the D—G# pat-
tern, when generated under the four envelopes used in the study of Deutsch (1991). Dashed
lines indicate tones of pitch class D and solid lines indicate tones of pitch class G#. In the
experiment, the tones D and G# were presented in succession, although the spectra for these
two tones are superimposed in the illustration.
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lopes were averaged so as to derive the overall peak pitch classes for each
subject. As shown in Figure 3, a strong effect of geographical region in this
averaged data was found: The overall pitch class template was shown to be
oriented by Californians and by southern English in quite different ways.

Given the considerations advanced above, the present paper explores
the possibility that the subjects in the Deutsch (1991) study may have been
invoking more than one pitch-class template, depending on the overall
heights of the envelopes under which the tones were generated, and so
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Fig. 3. Distributions of peak pitch classes within the English and Californian subject
populations in the experiment of Deutsch (1991), with data averaged over tones generated
under all four spectral envelopes. Reprinted from Deutsch (1991).
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depending on the perceived overall heights of the tones. More specifically,
it appears from the existing literature that the pitch range for speech
among Californians is quite low (see, for example, Hanley, Snidecor, &
Ringel, 1966). We may therefore conjecture that the Californian subjects
would have tended to produce strong profiles relating pitch class to per-
ceived height for tones generated under the lower envelopes used in this
study, together with weaker, subsidiary profiles for tones generated under
the higher envelopes.

In contrast, British English appears to be characterized by rather wide
pitch excursions, particularly at the high end (see, for example, Collier,
1991; Willems, Collier, & ’t Hart, 1988). Although direct comparison
between the two populations has not yet been made, it is reasonable to
assume from the existing data that the overall pitch range for British
English speech is higher than that for Californian speech. We may then
hypothesize that the English subjects would have tended to produce strong
profiles for tones generated under the higher envelopes, and in addition
weaker, subsidiary profiles for tones generated under lower ones.

To test these predictions, the subjects in the study of Deutsch (1991)
were divided into two groups. The first, which we shall describe as show-
ing the “Californian pattern,” consisted of the 24 subjects (21 Califor-
nians and three English) whose overall peak pitch classes stood in the
range moving clockwise from A#—B to D#—E. The second, which we shall
describe as showing the “English pattern,” consisted of 12 subjects (nine
English and three Californian) whose overall peak pitch classes were in the
opposite region of the circle (see Figure 3).

For each subject, the percentage of judgments that a tone pair formed a
descending pattern was plotted as a function of the pitch class of the first
tone of the pair. The data were averaged separately over the two lower
envelopes (i.e., those centered at C, and F4,) and the two higher ones (i.e.,
those centered at C; and F;).

Figure 4 displays the results of this analysis, plotted separately for sub-
jects showing the “Californian pattern” and for those showing the “En-
glish pattern.” It can be seen that the hypotheses were indeed confirmed.
For subjects showing the “Californian pattern,” tones generated under the
lower envelopes produced a distinct profile, with pitch classes B, C, C#, D,
D#, and E being heard as higher than the other pitch classes. However,
tones generated under the higher envelopes produced no convincing pro-
file relating pitch class to perceived height.

Subjects showing the “English pattern” produced the opposite result.
Tones generated under the higher envelopes gave rise to a pronounced
profile, with pitch classes F, F#, G, G#, A, and A# being heard as higher
than the others. However, tones generated under the lower envelopes
produced a much weaker profile.
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Fig. 4. Percentages of judgments that a tone pair formed a descending pattern, plotted as a
function of the pitch class of the first tone of the pair. Filled squares show judgments
averaged for tones generated under the lower spectral envelopes, and open squares for
tones generated under the higher envelopes. Upper graph shows averaged judgments for
subjects who showed an overall “Californian pattern,” and lower graph for subjects who
showed an overall “English pattern.” See text for details.

The possibility arises that, for subjects showing the “Californian pat-
tern,” the profiles generated under the higher envelopes were more
broadly distributed than were those generated under the lower envelopes.
Analogously, for subjects showing the “English pattern,” the profiles gen-
erated under the lower envelopes might have been more broadly distrib-
uted than were those generated under the higher envelopes. The differ-
ences in the profiles derived from the pooled data might, therefore, have
been due to an artifact of the averaging process.

A further analysis was therefore performed to control for this possibil-
ity. The orientation of the pitch-class circle was normalized for each sub-
ject, for tones generated under the lower and the higher envelopes sepa-
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Fig. 5. Percentages of judgments that a tone pair formed a descending pattern, plotted as a
function of the pitch class of the first tone of the pair, with the orientation of the pitch-class
circle normalized across subjects. Filled squares show averaged judgments for tones gener-
ated under the lower spectral envelopes, and open squares for tones generated under the
higher envelopes. Upper graph shows averaged judgments of subjects who showed an
overall “Californian pattern,” and lower graph for subjects who showed an overall “En-
glish pattern.” See text for details.

rately.! The normalization procedure was as follows. First, the pitch-class
circle was bisected so as to maximize the difference between the averaged
scores in the upper and lower halves. The circle was then oriented so that
the line of bisection was horizontal, and the data were retabulated, with
the leftmost pitch class of the upper half of the circle taking position 1, its
clockwise neighbor taking position 2, and so on.

The normalized data, averaged across each group of subjects, are shown
in Figure 5. It can be seen that a clear effect of category of envelope was
still obtained. For subjects showing the “Californian pattern,” the aver-
aged profile was considerably more pronounced for tones generated under

1. This procedure follows that of Deutsch et al. (1987).
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the lower envelopes than the higher ones. For the subjects showing the
“English pattern,” the opposite result was obtained: the averaged profile
was considerably stronger for tones generated under the higher envelopes
than the lower ones.

In order to make a statistical comparison between the strengths of the
profiles under the different categories of envelope for the two groups of
subjects, the averaged difference between the scores in the upper and lower
halves of the normalized circle was determined for each subject separately.
It was found that for 17 of the 24 subjects showing the “Californian
pattern,” the difference between these scores was greater under the lower
envelopes than the higher ones. However, this was true for only two of the
12 subjects showing the “English pattern.” The difference between the
two groups of subjects on this measure was therefore highly significant (p
< .00S, on a Fisher exact probability test).

A further issue concerns the distributions of peak pitch classes under the
two categories of envelope for the two groups of subjects. One might
hypothesize that for tones generated under envelopes that produced
the more salient profile (i.e., the lower envelopes for subjects showing the
“Californian pattern” and the higher envelopes for those showing the
“English pattern™) the peak pitch classes would be more strongly clustered
than for tones generated under the envelopes producing the weaker profile.
To examine this issue, the distributions of peak pitch classes were tabulated
for each group of subjects separately under each category of envelope.

The results for the subjects showing the “Californian pattern™ are dis-
played in Figure 6. It can be seen that for the lower envelopes, a remarkably
orderly and clustered distribution of peak pitch classes was obtained. How-
ever, for the higher envelopes, the peak pitch classes were distributed more
broadly. The results for the subjects showing the “English pattern” are
shown in Figure 7. It can be seen that, in contrast, the peak pitch classes
clustered heavily under the higher envelopes but not the lower ones.

To provide another measure of the consistency of the pitch class template
for the two groups of subjects under the two categories of envelope, a fur-
ther analysis was performed. First, it was ascertained for the scores of each
subject separately, and for tones generated under each category of envelope,
whether the pitch class circle could be bisected such that none of the scores
in the upper half of the circle were lower than any of those in the lower half.2
Of those subjects showing the “Californian pattern,” eight showed a consis-
tent profile for the lower envelopes but not the higher ones, and four
showed a consistent profile for the higher envelopes but not the lower ones.
In contrast, of subjects showing the “English pattern,” only one showed a
consistent profile for the lower envelopes but not the higher ones, whereas

2. This procedure follows that of Deutsch et al. (1987).
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Fig. 6. Distributions of peak pitch classes among subjects who showed an overall “Califor-
nian pattern.” Upper graph shows peak pitch classes for tones generated under the higher

spectral envelopes, and lower graph for tones generated under the lower envelopes. See text
for details.

five showed a consistent profile for the higher envelopes but not the lower
ones. These trends are in accordance with the results of the other analyses.

Finally, we may inquire into the general size of difference between peak
pitch classes for tones generated under the two categories of envelope. It
was found that 64% of the subjects in this study showed a difference that
was no greater than two semitones, and that the unsigned difference,
averaged over all the subjects, was only 1.9 semitones. It is interesting to
compare this result with that obtained by Deutsch (1987) using four sub-
jects who had been selected for showing clear profiles relating pitch class
to perceived height in judgments of the tritone paradox. As shown by
Figures 4 and 5 (p. 567) of that article, one of the subjects showed no
difference in peak pitch class between tones generated under envelopes
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Fig. 7. Distributions of peak pitch classes among subjects who showed an overall “English
pattern.” Upper graph shows peak pitch classes for tones generated under the higher
spectral envelopes, and lower graph for tones generated under the lower envelopes. See text
for details.

centered on Cs, D#, F#;, and A, on the one hand and tones generated under
envelopes centered on C,, D#,, F4,, and A, on the other. Two subjects
showed a difference of one semitone, and one subject showed a difference
of two semitones. It is noteworthy that the present analysis was performed
on the data of subjects who had not been selected in this fashion, and that
the majority of these subjects nevertheless produced patterns of results
that were in the same range.

In summary, this paper has documented some further geographical cor-
relates with perception of the tritone paradox, based on data originally
obtained by Deutsch (1991). By using several measures, the salience of the
relationship between pitch class and perceived height was found to vary
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depending on the overall heights of the envelopes under which the tones
were generated. For subjects showing the “Californian pattern,” this rela-
tionship was more salient for tones generated under the lower envelopes
used in the study; however, for subjects showing the “English pattern,”
the relationship was more salient for tones generated under the higher
envelopes. Given the existing literature on the pitch of speech as a function
of linguistic community, these patterns of relationship provide further
evidence that perception of the tritone paradox is related to the processing
of speech sounds.
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