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-~ ~Despite normal pure tone,sensmnonﬂnesholds at 250-8000 lesions of primary auditofy cortex combined with partial bilat-
Hz, the perception gtgr_mlwmsmclympmmd such - eral lesions of auditory association cortex chronically impair
that harmonic structures (major triads) were almost uniformly -tonal consonance perception; (3) cognitive functions that hi- '
judged to sound dissonant; yet, the assodiative priming of spec- -~ —erarchically stracture pitch information and generate harmonic
tral intonation judgments by harmonic context was preserved, expectancies during music -perception do not rely on the in
indicating that cognitive representations of tonal hierarchies in . tegrity of primary auditory cOrtex; and (4) musical priming may
music ‘remained intact and accessible. Brainprints demon-  be mediated by broadly mned subcomponents of the thala-
strated complete bilateral lesions of the ‘transverse gyri of _mocortical auditory system. n , Sl
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INTRODUCTION ) o " Although the cortical representation of sensory infor-

’ S . mation (e.g., frequency receptive fields) has been exten- -
The orderly arrangement of anatomical zones within the sively - documented in the cat and monkey using
anditory cortex has inspired a fumber ‘of authors neuronal-evoked potential techniques (for reviews se€ -
assign fine structure a role in_ functional specialization. - “aitkin et al. 1984; Brugge and Reale 1985), we know little - -
The belief that structural complexity and ‘connectivity about how physical features of acoustic signals are pro-
patterns reflect functional complexity ‘and " hierachical . - céssed to form psychological representations of sound, -
processing was expressed long ago by Campbell (1905),  and how knowledge about sound contributes to sensofy
who designated the granular cortex of the supratemporal integration and percept formation. The effects of bilateral -
plane “audiosensory” and the surrounding belt “audio- - ablations in animals indicate that these’higher levels of -
psychic.” However, empirical data about the organization . Processing rely on the integrity of auditory cortex (for
of cognitive functions mediating auditory information ~ reviews see Neff et al. 1975; Whitfield 1985); the relative
processing outside the verbal domain remain scarce. roles of the primary and secondary areas have not yet
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been distinguished. In man, physiological studies em-
ploying depth electrodes (Celesia 1976), magnetoence- = -

phalography (Hari et al. 1980; Romani et al. 1982), and
radioisotope imaging (Lauter et al. 1985) have primarily

focused on the problems of boundary definition and
tonotopicity, and have therefore used elementary acous-

tic stimuli such as clicks and pure tones to evoke cortical
responses. Anatomical data derived from the study of
neurological populations are likewise wanting given the
rarity of auditory-nonverbal deficits gross enough to
cause overt symptoms following focal unilateral lesions,
the rarity of focal bilateral and symmetrical lesions, and
the proximity and common vascular supply of the pri-
mary and secondary auditory areas. Furthermore, brain
scans obtained for clinical indications provide a limited
view of the supratemporal plane because of their ori-

entation (horizontal) and slice thickness (810 mm), and
therefore frequently fail to capture the transverse gyri of

—Heschl, which typically house the primz dits

and the full extent of the superior temporal gyrus, tem-

“permitted the localization and quantification of damave

to the presumed gross anatomical landmarks of the

‘mary auditory cortex and auditory association. areas un-

aged by thin-section coronal magneuc r&onanoe

'smnnmg (MR).

RESULTS
Pure Tone Sensation Thresholds

Intensity thresholds for detecting a 500 msec pure tone
at 250, 500, 1000, 2000, 4,000, and 8000 szere wnhm
normal limits for each ear (Fig. 2). :

Spectral Intonation Judgmens
Intonation 1udgments about harmonic spectra major

‘triads) ‘and quastharmonic~ spectra (rmstunéd - major -

triads) were performed better than charce [56% W47

] SD below the mean of normals Derfonnance >_on_the

poroparietal junction, parietal operculum, and temporal
pole, which typically house the auditory association areas

- {Galaburda and Sanides 1980).

In the present study, we examined a well-documented
__case of cortical hearing loss (Mendez and Geehan 1988)
-under -éxperimental conditions designed to tap selec-

uvmymmmr@mmvmmomﬁ.fmﬁmm&r*mxw priming 1 taskisillus——
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more difficult priming task (83
Stoeckig 1987) -

; hoiceof a— wated 10 Figire 3 Zl‘longsme_data previously- obtai
- musical pnmmg Bamdxgm (Fig. 1; Bharucha and Stoeckig

from 13 normal sub;ects usmg the _same sumuh A

~ = 1986,1987) reflected:the desire 1o engage cognitive pro-

procedure. T _

cesses that hierarchically structure sensory information . —QOverall accuracy. msﬂ-d;aace [18% 1(951 < 1]_d

. was to judge whether the tar-

~__and thereby facilitate spectral pattern perception. The

~ cortical mapping procedure of Jouandet et al. (1989)

ne L e

fell greater than._{ Lhtee_,standarchemano below the-
mean of the normal '7 :

Figure 1. Trial design in the
musical priming task. Bach trial
began with a rapid sequence

of randomly selected frequen-
cies to mask the influence of

the previous trial. Following a

1 sec pause, a prime chord

(major triad) was presented for .
3 se, followed by a target

chord, the onset of which

marked the start of response
recordings. The target was ei-
ther harmonically related or Mask
harmonically unrelated to the
prime (defined by high and
low transition probabilities in

in<tune or mistuned by flatten-
ing the fifth a fraction of a
semitone. The subject’s task

get was in-tune or out-of-tune

ooy
* F#mOZFE unreioted

Prime . Torget,

(see Methods for details).




Figure 2. Audiograms docu- ]
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e Figure 3. Accumcyofmtomﬁouiudgmmtsinadxofmefourpﬁme-mgetcondiﬂons. In patient M.S.,thereisannrkedout—of—mnerespoﬁse ‘
,v;‘7',"’V::bias,yetdleimemaionbetwemintonaﬁonandrdatednessissig:ﬁﬁammdlemedirhcﬁmzsdmnonndintemctionpreviously:eportedby
Bharucha and Stoeckig (1987). ,

reaction time data was precluded by the absence of any

was a marked bias to judge target chords “out-of-tune”
correct responses in the in-une/unrelated condition.

[A(1,23) = 11266, p < .0001]. However, the interaction
“between target intonation and the harmonic relatedness '
-of the prime to the target was significant in the predicted .
dlrecuon[i(l,23)= 541, p < .05]. As in normals, M.S. ,BI 1:ainprintsn i and Quaatitative Lesion
was more accurate when (1) in-tune target chords were ]
" - -:preceded by a prime chord that was harmonically related  Straight-line two-dimensional surface maps of the un- =
.+ - to the target; and (2) mistuned target chords were pre-  folded right and left cerebral hemispheres are illustrated -
""" ceded bya prime chord that was not harmonically related  in Figures 4'and 5, respectively. Coronal MR sections -
7 10 the target. In none of the 24 in-tune/unrelated trials through the superior temporal region representative of -
.- was the target correctly perceived to be in-tune. Statistical  those used to map the auditory cortex arc shown in
- analysis of the intonation/relatedness interaction using  Figure 6. The surface areas (SA) of individual regions of
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Figure 4. Brainprint of M.S. sngbtoaebmloomCoronalMRsecuonsarcnumberedseqummleﬁ'omamcnortopostenor(ngtnwldton
the page). Gray areas indicate intrasulcal cortex; yellow area indicates cortex lying within and/or overlying abnormal MR signal. Reglonalmrfaoe

area measurements are given in Table 1 and regional lesion measurements in Table 2. For glossary of abbreviations, see Appendix.




