Pitch processing is shared between language and music
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Language and music share many features, including reliance on pitch.  Limitations of previous evidence:

* many studies focus on expert musicians

* some of the evidence can be explained without
postulating shared pitch-processing machinery
(e.g., pitch perception in language and music may
both depend on the same low-level sensory
pathways - e.g., in the auditory brainstem - or on
the same domain-general attention / working
memory / motivation mechanisms)

* some evidence for distinct pitch mechanisms:

* in the auditory brainstem linguistic pitch patterns are encoded left-lateralized system for linguistic pitch

more robustly in musicians than non-musicians (Wong et al., 2007) processing for semantic content and right-

* musicians are better at perceiving spoken linguistic input in noise lateralized system for the processing of musical
conditions, a process that depends on following the pitch pattern melody or sentence prosody (e.g.,VWWong, 2002; Xu
of the attended voice (Parbery-Clark et al., 2009) et al,, 2006; cf. Luo et al., 2006)

* individuals with musical training are better at learning languages

that use pitch as a phonological contrast (Wong & Perrachione, Current study: evaluates the hypothesis that
2007) pitch processing in language and music is shared

* musically tone-deaf (amusic) individuals are also impaired in above and beyond these abilities” mutual reliance on
making linguistic distinctions based on pitch (e.g., Patel et al.,2008; low-level sensory-perceptual pathways or domain-
Hutchins et al, 2010) general processes like attention or motivation.

Example psychophysical stimuli Design:
5 conditions:
A Language - . * pitch processing in linguistic stimuli
* pitch processing in musical stimuli
\//\ * control condition #1:a non-linguistic/non-musical test of psychophysical
pitch discrimination threshold (controls for basic sensory acuity in pitch
discrimination)
* control condition #2:a test of temporal frequency discrimination (controls
for basic, non-pitch, auditory perceptual acuity)
* control condition #3:a test of visual spatial frequency discrimination
(controls for individual differences in attention and motivation)

Pitch in language: helps disambiguate syntactic structures (e.g.,
Beach, 1991; Krajlic & Brennan, 2005), conveys aspects of pragmatic
and semantic meaning (e.g., Fromkin, 1978; Breen et al., 2010).
Pitch in music: melodies are encoded through the patterns of
discrete pitches played on instruments or sung.

Previous evidence suggests that pitch processing may be shared
between language and music:

A BN

J—f— j—\_ Key prediction: If pitch processing in language and music is supported by
shared mechanisms, then a relationship between the two should remain after
controlling for shared sensory and domain-general factors.

g S Stimuli details (see the manuscript for additional details):

:ﬁm; s . Ly o, A:Waveform and spectrogram of linguistic stimulus with phonetic alignment; the four
linguistic pitch contours (dark trace) showing +/- 100,200,and 300 cents deviants (light
traces).The rising-falling pitch contour is overlaid on the spectrogram (red trace) to show
phonetic alignment.

B:Waveform and notation of musical stimulus; the four pitch contours (dark trace)
showing +/- 100,200,and 300 cents deviants (light traces).

C: Spectrograms of auditory temporal frequency stimuli, with template stimulus in box
and example +/-200,400 and 600 cents deviants.

D: Visual spatial frequency stimuli (*“Gabor patches”), with template stimulus in box and
example +/-200,400 and 600 cents deviants.

C. Auditory Temporal Frequency
600 400 200 0

D. Visual Spatial Frequency
600 400 200 0 4200 +400  +600
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17 participants (none with extensive musical training)

Discrimination contours across stimulus conditions Task performance by condition

A1 Condiions Lancue Husic

Threshold (cents)
Mean  Std. Dev. .~ Mean  Std Dev.

Language 077 =009 151 74

g N ? e Overall Accuracy

Music 0.83 =0.09 129 +92
Tones 0.65 =0.09 26 +5

Clicks 0.75 =0.06 +137
Gabors 0.79 =0.08 296 +143

Gabors

Pairwise correlations
* = significant at Bonferroni-corrected

Linear models alpha=.00167

Overall Accuracy a Threshold Overall Accuracy a Threshold
Response  Terms B Prem < B Prem < Conditions r= p< r= p< r= p<
Language Music 0.655  0.000 0.001 Language Music | 0.927  0.000* 0.720 0905  0.000 *
Tones 0.181  0.191 0.220 Tones 0.780  0.000 * 0.660 0.601  0.008
Clicks 0.261  0.165 0.595 Clicks  0.749  0.000 * 0.693 0.661  0.003
Gabors -0.023  0.822 0.956 Gabors  0.389  0.111 0.550 0562 0.015
R = 092

Puosa < 5.7x107 Tones 0.433
Clicks 0.378
Language 1.140 Gabors 0.376
Tones -0.090
Clicks -0.210 Clicks 0.881 0330
Gabors 0.060 Gabors 0.784 0.540
Ri= 0.87

Pmoder < 9.3x10° Gabors 0.788 0.543

We observed a significant and strong relationship between individuals’ pitch processing abilities in language and music
even after accounting for the contribution of basic non-linguistic and non-musical sensory acuity, including auditory acuity
for pitch, and domain-general mnemonic, attentional, and motivational factors that bear on laboratory tests of perception.

These data support the hypothesis that cognitive mechanisms for pitch processing in language and music
are shared beyond simple reliance on overlapping auditory sensory pathways or domain-general
attention or working memory.

Importantly, the relationship between pitch processing in language and music holds in the general population, not in
trained musicians or individuals with neurological disorders (e.g., amusia).

There exist higher-level cognitive and neural mect

1s that support the pr
information across domains.
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