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Abstract—Why is vocal music the oldest and still the most poppilaomponent. This view is in line with Seidenberg’s conclusion t
form of music? Very possibly because vocal music involves an int{mgitsilar cognitive operations may be involved in processing the s
combination of speech and music, two of the most specific, high;lavet of language and other types of well-organized, rule-based k
skills of human beings. The issue we address is whether people |istelgre, such as music.

ing to a song treat the linguistic and musical components separptelyin contrast, the brain response to semantic incongruity is very
or integrate them within a single percept. Event-related potenfidisrent from that produced by syntactic incongruities. Sen
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were recorded while musicians listened to excerpts from operas stioglly incongruous words, whether in written or spoken sentences

a capellaExcerpts were ended by semantically congruous or in¢qe-g., “He takes coffee with cream asdgar/dog), elicit an N400
gruous words sung either in or out of key. Results clearly demonstiat-negative component with maximum amplitude centro-parie

ally

ed the independence of lyrics and tunes, so that an additive mogelrelind 400 ms following word onset; Kutas & Hillyard, 1980) rather

semantic- and harmonic-violations processing predicted the fat@an a P300. If any brain activity is unique to language, it is more

ike-

extremely well. These results are consistent with a modular orgapigato be found at the semantic than at the syntactic level. In order to

tion of the human cognitive system and open new perspectives fingBethis hypothesis directly, we compared the semantic aspects

f lan-

search for the similarities and differences between language | ajghge and the harmonic aspects of music. The main question was

music processing. whether, while listening to songs, people process lyrics and tunes
arately or integrate them into a unified percept. Participants were

sep-
pre-

sented with brief excerpts from operas. The final word of each excerpt

The idea that the cognitive operations necessary to understard,and ejther semantically congruous or incongruous with respect to the

to produce language are specific to the language domain (Chomskeeing linguistic context, and it was sung either in or out of
1965; Pinker, 1995) is classic in language research but has re e@@y outside the diatonic scale of the excerpt; see Fig. 1). Thus,

key
there

been called into question. For instance, Seidenberg (1997), |ify&e four experimental conditions: The final word was (a) semanti-

review of standard and current issues in language research, vr&gﬁy congruous and sung in key, (b) semantically incongruous

and

“Brain organization constrains how language is learned, but the Piiihg in key, (c) semantically congruous and sung out of key, of (d)

ciples that govern the acquisition, representation, and use of language semantically incongruous and sung out of key

are not specific to this type of knowledge” (p. 1603). Although this |, symmary, our goal was to analyze the time course and scalp dis-
conclusion is based on a connectionist approach, other approaghfsiion of the changes in the brain electrical activity associated with
aimed at discovering how language is processed by the brain| haye o cessing of lyrics and tunes. Because very different electrophys-

provided arguments both for and against this view. Specificpllyjoqical markers are associated with semantically (N400) and n
recordings of brain electrical activity (event-related brain potent a&”y (P300) incongruous events, the predictions were clear-cut.
or ERPs) have demonstrated that violations of the structural asp rds are processed in the same way whether sung or spoker
of language (e.g., syntax) and music (e.g., harmony) produce V&Y fina| incongruous words of opera excerpts would elicit an N
similar brain responses. Syntactic incongruities (such as in verb-| QN ond. if melodic contour is processed in the same way whett
agreement and_vyord order; Kuta_xs & H|I_I){a_rd, 1983; Ost_erhoutc_& cH‘ot accompanied by lyrics, then words sung out of key would eli
comb, 1992) elicit a late posterior positivity (P600), with maximlmB3gq e were particularly interested in the results of the double

”

amplitude around 500 to 600 ms. Similarly, incongruous (“wrongpion (incongruous words sung out of key), as they provided a d

& Faita, 1995; Janata, 1995). Interestingly, results of a study exp "fl'ne, Crowder, & Repp, 1984) that claim to show melody and tex
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itly designed to compare syntactic and musical incongruities repor grated into a single percept suggest that ERPs should shgw an

no significant differences in the LPCs elicited by the two types pheraction between the N400 produced by semantic violations an
anomalies (Patel, Gibson, Ratner, Besson, & Holcomb, in pressygg produced by musical violations. In contrast, if lyrics and t
Thus, the ERP markers of structural violations seem to be simil rrfi% processed independently, ERPs should be additive (i.e.
language and music. Both the P600 and the LPC probably refle t_r’@%onse to a double violation should be equal to the sum o

activation of a general-purpose violation detector that operateg i onses to two individual violations: see Sternberg, 1969, fo
variety of domains and produces an outcome best known as the| a%%tive-factor logic). ' ' '
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sciences Cognitives, C.N.R.S., 31 Chemin Joseph Aiguier, 13402 Marse 1. To clarify matters, we label the positive component elicited by harm
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Cedex 20+, France; e-mail: mbesson@Inf.cnrs-mrs.fr. incongruities a P300 component, even if its mean peak latency is around 8

DO ms.

494 Copyright © 1998 American Psychological Society VOL. 9, NO. 6, NOVEMBER 1998



PSYCHOLOGICAL SCIENCE

M. Besson et al.

ger electoencghalgram (EEG) ecodings tha were obtained fom
CARMEN 19 scalp electdes,mounted in an elastic pand locted 4 standad
positions of the Interational 10/20 syster#.
BIZET Ead paticipant listened to 200 operexcepts (an equal umber
in ead expeimental condition) thawere presented indur docks of
50 tiials eab. Excepts were presented in pseudamdom oder so tha
Ny 2 N N no moke than 3 gcepts from the same conditionexe played consec
= ; =<5 || utively. Conguous and incongous vords vere monosyllaic and
oJ _fzs ; - 'de ] ;y — mached Dr frequenyg of occurence and length; keneer possile,
Al Vi cuvre _et ar inconguous vords rlymed with the gpected endings.

o i < N — 1

=L = =
oJ I 4 14

gent - Re- lui- saient sur les peaux bi- Procedure

> : LA A y .

—de—p e 7 » i 5e e e o Participants vere asled to listen cafully to eat excempt and to
) % i g‘} S pay equal &ention to the langu® and to the wsic in oder to detect
Au 75255_-7'.-,.:; ei o fga“fe___‘ et kde rou-ge  ze- semantic and haeronic inconguities. They were not equired to gve

At N—T—F—F X T a motor esponsgbut & the end of edchbock, they were asled gen

@:ﬁﬁ:&iﬁ%&%ﬁ:@:ﬁ‘:@jﬂ eral questionsagarding the dificulty of the detection and tharhil-
" gbre- - es; Les e tof- fes ?:t- talent  au iarity of the «cempts to enswe tha they had listened cefully.

o ; ] ; ] They were informed thathe fnal word in eat excempt could be either

5%3 = oo = oo ﬂ semanticall conguous or incongious and sung in or out obk

(C) VENT (I) / (C) SANG () They were also as&d to &oid blinking for a 2-s pdod from the onset
of tha word until a ow of four Xs gppeaed on a computer =n in

front of them.
Fig. 1. Example of the marials used in thexpeliment.An approxi-
mae English tansldion of this &cempt from Carmen (Bizet) is,
“Rings of copper and siér/ Were shining on tanned skins/Ofamige RESULTS
and ed stipes/The fabric flew in the wind’ Note tha in Frend, ) ) ) )
the inconguous vord, “sang” (“blood”), rhymes with the xpected|  The dda ae shovn in Fgure 2. Mean amplitudes (i.¢he inteyra-
completion,‘'vent” (“wind”). The inal note is either comgous (C) or| tion of amplitude alues ver time) vere measied in the l&eng bands
inconguous (I; out of ky). of interest (50—-600 msof the N40O component and 400-1,000 ors|f
the P300)and epeded measugs analses of ariance (ANO/AS) were
METHOD caried out* Compaed with conguous vords sung in &y, incongu-
ous words sung in &y elicited signifcantly larger N400Os thiadevel-
oped in the 50 to 600 melfowing the fnal word’s onset (main &ct
Participants of conguity: F[1, 15] = 11.99MSE= 15.96p < .003; see i§. 2a) and
shaved a widespmrad scalp disitoution. In contast,conguous vords
sung out of ky elicited signifcantly larger P300swith a dear paietal
maximum (condition-ly-electiode inteaction: F[18, 270] = 3.21,
MSE= 3.02,epsilon = .24p < .01; see ig. 2b). Note thathe onset of
the P300 ws deally later than the onset of the N400.

Of paticular impotance ae the esults br inconguous words sung
out of key. These wrds yielded both a sigmifantly larger N400
Materials (condition-ty-electode inteaction: F[18, 270] = 4.23,MSE = 0.64,
epsilon = .29p < .001) and a sigridantly larger P300 than comgous

Two hunded diferent cepts were selected om the best knen | words sung in & (main efect of conguity: F[1, 15] = 5.10, MSE =
Frend opess. A professional singr sang edt excempt a cegpella | 20.12,p < .03; see . 2c). In oder to assess diivity, we adled the

(i.e., without instuments) in edt of the bur expeiimental conditions, semantic-congiity effect (inconguous word sung in ky minus
so tha acioss paicipants,eat opern ecelpt was pesented in edc
condition (the hagic singer had to sing 800 opeexcerpts). Complete|

musical phases were pesented so as t@spect rusical stucture, 3. EEG was ecoded br 2,200 mspeginning 200 ms befre onset of the
and eah excemt lasted beteen 8 and 20 s. teminal word, and amplifed by an SA Instamentaion amplifer with a 0.01-
So tha ERP ecodings would be time-loked to the onsets of the to 30-Hz (half-amplitude cutffband pass and a 250-Hz sampliagerEad
final words, the epelimentes listened to the speecsignals wiile | scalp electide was efered to an electde placed on the left mastoiRPs
viewing them on a computer s@n and placed a sqeanave dick at | were aeraged of-line once tials with /e mavements or msde atifacts had

the onset of edcof the 800ihal words. These ticks were used to tg- | Peen eliminged , _ _ _ _
4. The Geenhouse-Geiser gection br inhomaeneity of \ariance vas

applied wheneer gpropriate; we report the uncorected dgrees of feedom,
2. All participants gwve their inbrmed consent. epsilon \alug and pobability level following corection.

All 16 paticipants (ge range: 23-56 yars, mean = 36 gas) were
professional rasicians fom the opea in Masseille Patticipants
were all ight-handedaccoding to self-eport, and had nanal heas
ing. They were tested indidually and were paid to paicipate in the
expeiiment, which lasted ér goproximately 2 hr?
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0 400 1000 0 400 1000 0 400 1000 ms
Cong./In Key —— Cong./In Key —— Cong./In Key
————— Incong./In Key -=---- Cong./Outof Key ----- Incong./Out of Key

Fig. 2. Event-relaed potentials (ERPsyaraged over 16 pofessional rasicians) assodied with the ppcessing of semantibamonic and dou
ble inconguities. ERPs elicitedybconguous (“Cond) words sung in & (solid lines) a8 compaed with those elicitedyb(a) inconguous
(“Incong”) words sung in &y, (b) conguous vords sung out ofdy, and (c) inconguous vords sung out ofdy. Data pesented in thisdure ae
from midline foontal,cental, and paietal electodes,and nggative is up.The \ettical bas represent the onset of thmél word in the ecepts.
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Fig. 3. Topographic maps computed as aregnation of mean ampli
tudevalues across timén speciic time windows. These maps illus
trate the comparison between the data recorded inetheriment
(obseved) and the predictions of an adldit model of language an
music processing (see thext for details).

conguous word sung indy) and the harmonic-congruitffect (con-
gruous word sung out ofelk minus congruous word sung iyl off-
line and compared the results with the double-incongruitgcie
(inconguous word sung out ofelt minus congruous word sung
key). As can be seen in Figure the obsered double-incongruity
effect and the predictions of the adektmodel areery simila. Statis-
tical comparisons between the predicted and sbdeERPsin both
the N400 and the P300 latgrbandsdid not eveal awy significant dif-
ferences between thevo (for all resultsp > .10).

DISCUSSION

further supported by the results of the addit tests which slowed

tistically different (in both the N400 and the P300 layebands) from
the predictions of an addie model of semantic and harmonic p
cessingNote also that although no lzeforal response was required

responsewas analyzed (Bonndfaita, Besson& Peretz 1998) Taken
togethe, these results do not support an intevactiiew of semantic
and harmonic processing. Rathbey support the \aw that thesevto

forms of processing are strongly independent.

fered makedly in polariy, time courseand scalp distbution. The
response to semantic violatiomgas predominantly egaive, was
widespead across scalp sitesnd aveloped in the 50- to 600-m
range The response to harmonic violationas positve, was maxi-

range Note that such an early onset of the N400 in the aud
modality has paviously been reported (Connolly & Phillipd994;
Holcomb & Neville, 1991); in ourexperiment it probably reflects
both (a) strong coarticulationffects lirked with thefact that the
words were sung and (b) tHiact that thewords were monosyllabi
and theexpected and incongruous sentence completiofisrdd in
thefirst phoneme. Inry event it is striking that for musicians wh
play music 6 hr a day oaverage the electrophysiological mier of

precedenceover the electrophysiological mia@r of harmonic pro-

literature slows that reaction times to decide whether a note
g chord is musically appropriate within a musical sequence @me

within a sentence coait (around 800 ms).

In conclusionalthough pevious results &ve slown that lyrics and
tunes invocal music may be iagrated in memory (Sefiae et al.,
1984) the present data clearly st evidence of their independe

and prosody were contrasted with hanpanelody, or rhythm. Such
compaisons will be tested in furthexperiments. Finayl, our results
are in agreement with recent neuropsychologiealence from amusig
paients who were able to recognize the lyrics of familiar songs gy
ly and accuratglbut unable to recognize the corresponding melo
(Peetz et al. 1994) As is the case for so mpaother cognitre skills,
theexquisite unity ofvocal music (Risse1991) emeges from the con

Several important results emge from these analyses of on-lifecetted acivity of separate processors.

variaions in the braiis electrical actity as musicians listened tar-
ious operaexcerpts. Firstour results demonstrate that N400 com

nents are elicited by semantic incongruities in sung passages |n

same manner asdhare elicited in speecfihus the processing of th
semantics of the sentence is nffieeted by the musical structu
imposed on it. Second300 components are associated witirds
sung out okey, in the same manner thagjhare associated with note

or chords played outside the diatonic scalais harmonic processing

is not dfected by the semantics of the sentefideese twofindings
clearly suppot the idea that semantic and harmonic violations
processed independentlyen when presented in stimuli in which t

[0
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5. Our resultsas well as may others in the literatursuch as théact that
Aevery word (not only incongruous ones) elicits an N4e@ad us to bedive that
N€the independence of semantic and harmonic processing is not restricted

lyrics and the tunes are strongly intertwined. Such a conclusi
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priations but extends to congruousvents as well.
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that the d#a recoded in the double-incongruity condition were not S

this experiment the present results are consistent with those of a s
in which the same materials were used and the percentage of @

The ERP mders of the semantic and harmonic violations di

mum over parietal egions and dveloped in the 400- to 1,000-m

semantic processing (the N40Gyvartheless sbws a clear temporal
cessing (the P300).dwever, a quick suvey of the music-perception
average mud longer (around 1,200 ms; Janat95) than are the

reaction times to decide whetheward is semantically appropriate

"on-line processingat least when the semantic and harmonic aspect
consideredlt may well be that dfierent results would obtain if synta
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