The rise and fall of the devil's interval © i

Stimuli characteristics and hearing threshold may explain the tritone paradox audlelé

Christoph Reuter!, Isabella Czedik-Eysenberg'4, Dijana Popovic?, Esther Rois-Merz3, Fatima Gerendas Obiols™-3,
Marik Roos', Sarah Ambros’, Jérg Jewanski', Felix Klooss2, Michael Oehler4, Anja-Xiaoxing Cui’ (L JUNIVERSITAT

' Department of Musicology, University of Vienna, 2 MediaLab, University of Vienna, 3 Audienz, Hearing Examination, Vienna, 4 Institute for Musicology and Music Education, Osnabriick University @OSNABRUCK

Background Results & Discussion

If successive tritone intervals are made up of Shepard tones, the interval can no The interval movement of each partial in the Shepard stimuli may explain the
longer be clearly perceived as ascending or descending (Shepard, 1964, p. 2350). HOwever, overall tendency of participants to perceive each individual stimulus as rising or
when the direction of randomly played Shepard tritone intervals is to be estimated falling. E.g. partial 6 rises from 1044 Hz to 1480 Hz from C to F# in envelope e1
and the results are arranged according to pitch classes, a clear point can be found (and equally for each lower partial). Correspondingly, a rising interval is
usually at or near the tritone C-F#, above which subjects consistently recognize a perceived by most participants from C to F#.

Shepard tritone interval as maximum ascending or descending (Deutsch, since 1986).
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The stimuli used most often for Shepard tritone experiments are each composed of ~ randomly with a slight tendency of all stimuli being perceived as rising.
only six partials and run under four envelopes while their peaks are one tritone

apart from each other (e1 - e4 with peaks at 300, 450, 600 and 900 Hz). NS B R cetrrr, &2
However, partials of the highest envelope (e4) are particularly present at the outer . [ . " '
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H1: Judgements for e1 and e3 stimuli correlate positively with each other and
negatively with judgements for e2 stimuli, given the similarity of the spectral

structure for e1 and e3 stimuli and differences to the spectral structure of e2 in the case of envelope e2 the direction of movement of partials 1-6 (especially the higher ones) determines the perceived
interval direction. However, this does not apply to the stimuli under envelope e4.

Fig. 3: Amplitudes and frequencies of the tritones intervals C-F# below the envelopes e2 and e4.
Table: Mean values of the participant’s judgments for C-F#, C#-G and D-G# (1 = the interval rises, 0 = the interval falls). Again,

stimuli.
H2: Judgements for e4 stimuli correlate less with the former and may depend on  The perceived interval directions under the envelopes e1 and e3 show a positive
hearing thresholds of the individual ear at 2-4 kHz. correlation (..., =816, p=001) While the opposite pattern is found between the

envelopes e1 and e2, and e3 and e2 respectively (., u0=-871, p<.001; r,5.0510=--930, p<.001).
The perceived interval directions for envelope e4 do not show significant

For n = 23 participants, hearing thresholds of both ears were measured before ~ correlations with any of the other envelopes.
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0 100 1000 10000 Fig. 4: Perceived interval direction for stimuli with e1, e2, e3, and e4 envelopes
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Table: Result of correlation analysis and t-tests on the differences of perceived interval direction of Shepard tones under the
envelopes e1-e4.

When comparing better- and worse-hearing ears determined using a median
split of hearing thresholds at 4 kHz, correlations emerged that differed in sign
between better-nearing (r,..,0=64, p=.026, reyeus0=—71, pP=-010, re3.eus0=-81, p=.001), and worse-
hearing ears (r,,qu:0=—20, p>.100, roy.e410=-59, P=.045, Ioy os10=—68, p=.014):
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Thus, another explanation for the perceived interval direction is needed, which is with reduced and with hearing thresholds in the range of 2-4 kHz. frequency range

why we considered the influence of the hearing threshold.
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