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Two experiments examined the influence of sensory consonance on the perceptual similarity of
simultaneous pairs of complex tonggrmonic intervals In experiment 1, adults heard a sequence

of five consonant interval@ach a perfect fifth, or 7 semitoneand judged whether a subsequently
presented test interval was a member of the sequence. Discrimination performance was better when
the test interval was dissonaftritone, 6 semitongsrather than consonar(perfect fourth, 5
semitonep despite the fact that the change in interval width was twice as great for the consonant
than for the dissonant comparison. In experiment 2, 7-month-old infants were tested with an operant
headturn procedure in a similar design and exhibited an identical pattern of responding. Hence, for
both age groups, consonance was more important than interval width in determining the perceived
similarity of harmonic intervals. ©1996 Acoustical Society of America.

PACS numbers: 43.66.Hg, 43.66.Fe, 43.75[Qd¢/H]

INTRODUCTION ences in musical styles. Accordingly, the responses of musi-

When adult listeners evaluate simultaneous pairs oFa"y nfaiye young infants are particularly informative in
complex tonegharmonic intervalg they typically judge in- determining the extent to which natural factors affect percep-

tervals with small-integer frequency ratios to bensonant t|%ns O(; cor;)sonalmce. E;y cr:)ntrast, musical (I:gns?nance IS con-
or pleasant sounding; by contrast, larger-interval ratios arg'?€reo t.o e E_ earne pf enomehnon resulting Irlom éxposure
judged to bedissonantor unpleasante.g., for a review, see [0 MUSic; combinations of tones that are musically consonant

Schellenberg and Trehub, 1994bonetheless, judgments of in one culture could be musically dissonant in another cul-
similarities among intervals tend to be based on similaritiedure: . _ . .
in frequency distancéi.e., interval width as much as they Sensory consonance is a functionaoitical bandwidth
are on frequency ratios, or consonance. For example, in ordékameoka and Kuriyagawa, 1969; Plomp and Levelt, 1965
to map intervallic similarities using multidimensional scal- reflecting the fact that the human auditory system is unable
ing, Leveltet al. (1966 asked their listeners to make simi- 0 fully resolve tones that are proximate in pitch. For pure-
larity judgments of 15 different complex-tone intervals. Thetone intervals, sensory consonance is considered to be
resulting dimensions indicated that similarity judgmentsstrictly a matter of tone proximity. Nonidentical pure tones
were based on interval width as well as consonance. Indeetf}at are proximate in frequency fall within the same critical
our reanalysis of these judgmerttevelt et al, 1966, Table band(frequency rangeand can only be partially resolved by
3) revealed that the proportion of variance in judgments exthe basilar membrane; the resulting excitation patterns over-
plained by similarity in consonan¢g2.4% was no different lap and thus interact. Listeners perceive amplitude
from that explained by similarity in widtti26.3%. Other  fluctuations—which Helmholt21885/1954 referred to as
researchers have reported that width can be more importafitoughness”—in such instances. When a pure-tone interval
than consonance in determining similarities among intervalgs sufficiently wide so that its component tones can be fully
For example, when listeners identify harmonic intervals byresolved, it is consonant because no roughness is perceived.
name(e.g., major second, perfect fifth, etcerrors tend to Critical bandwidth is less than 3 semitones for frequencies
involve intervals similar in width rather than consonancehigher than 500 Hz, with maximum roughness occurring at
(Plompet al, 1973. approximately one-quarter of a critical bafigt., when tones
The focus of the present investigation was sensory are slightly less than 1 semitone apafor lower frequen-
consonancdalso referred to asonal (Plomp and Levelt, cies, critical bandwidth is more or less a constant difference
1969 or psychoacousti¢Bregman, 1990 consonanckas in frequency (about 80 Hz rather than a constant ratio
opposed tomusical consonance. Sensory consonance is dRasch and Plomp, 1982Critical bandwidths correspond to
function of physical properties of the stimulus and is there-equal distances along the cochlear partiti@reenwood,
fore independent of exposure to music or to cultural differ-1991) and do not differ substantially in size between infants
and adults at any frequendchneideret al, 1990; Olsho,

dpPresented at the 10th Biennial International Conference on Infant Studieélrgsa- Because_ perceptions of rOUghneSS are a .phySICal' Phe'
PiCorresponding author. nomenon and independent of exposure to music, sensitivity
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—-—— - —— m—— that are audible, and very roudh-semitong intervals be-
tween several pairs of adjacent harmorjiese Fig. 1d)].
— In the present study, we examined whether listeners per-
Y o ceive two consonant intervals to be more similar than a con-
5 sonant and a dissonant interval. We sought to determine
§ — - - whether listeners’ sensitivity to consonance would influence
g their ability to discriminate one interval from another inter-
T =—m - — val, the assumption being that perceptually similar intervals
— should be poorly discriminated but that dissimilar intervals
— — should be more discriminable. Discrimination of a dissonant
(a) octave (b) perfect fifth interval (tritone, 45:32 ratipfrom a consonant intervdper-
fect fifth, 3:2 was expected to be better than discrimination
of two consonant intervalgperfect fifth, 3:2, and perfect
) fourth, 4:3, even though the latter comparison involved a
3— } larger difference in interval width. Hence, the design pitted
influences of interval width and consonance directly against
T — each other.
2 To increase the likelihood that our listeners’ responses
§ — — WOl_JIo! be ir_1dependent of musical consonance, we attempted
g to limit the influence of learned musical relations by present-
T — — ing randomly ordered stimuli in chromati@ontonal con-
— —— texts to listeners selected without regard to musical training.
If effects of learning were to persist despite such attempts,
(c) perfect fourth  (d) tritone they should be considerably greater among adigiperi-

ment )—with extensive informal exposure to music—than
FIG. 1. Schematic drawing of four pairs of complex ton@san octave(b) among 7-month-old infant@xperiment 2 Although infants
a perfect fifth,(c) a perfect fourth, andd) a tritone. Ratios of fundamental  of this age have been exposed to music, knowledge of West-
frequencieghigher tone: lower toneare 2:1, 3:2, 4:3, and 45:32 féa)—(d), ern scale structure appears to be relatively undeveloped in

tively. Black b t harmonics. F h pair, the first si
1CSPECLVElY. DIack bars represeit harmonics. or each pa, Me WS’ Sh,rants both younger and older. For example, 6-month-old

harmonics of the lower tone are shown. Adjacent harmonics that fall within, . )
a critical band, causing roughnesensory dissonangeare connected with  infants are equally likely to detect alterations to a tone se-
a jagged line. Darker lines indicate instances of relatively extreme dissoguence when it is composed with a Javanese Swalféch
nance(i.e., <1 semitone between adjacent harmonics contains intervals that are not present in Western musie
Western major scale, whereas adults perform better with the
Vestern sequendé&ynch et al, 1990. Similarly, in contrast

to 5-year-old children and adults, the ability of 8-month-old
infants to detect alterations to a Western melody is indepen-
dent of whether or not such alterations violate the melody’s
scale structuréTrainor and Trehub, 1992, 1994

to differences in sensory consonance could be similar for al
listeners regardless of age or cultural background.

For intervals comprised of twoomplextones, any pair
of adjacent harmonics can fall within a critical bafsee Fig.
1). Compared to intervals with larger-integer ratios,
complex-tone intervals with small-integer frequency ratios
have more adjacent harmonics that are identical and rela{'- EXPERIMENT 1
tively few that are nonidenticaHelmholtz, 1885/1954 so In the present experiment, adult listeners’ discrimination
dissonance is less likely as the integers in a frequency ratiof a consonant and a dissonant interval was compared to
become smaller. For example, when two complex tones forntheir discrimination of two consonant intervals. Listeners
an octave interval2:1 ratig, all of the harmonics of the judged whether a comparison interval was the saméoms
higher tone are also harmonics of the lower tgsee Fig. different from a standard interval. The method differed from
1(a)], so octaves are free of dissonance. For complex tones@nventional same—differertAB) tasks in the following
perfect fifth apar(3:2 ratig, evenly numbered harmonics of way: On each trial, listeners hedide repetitions of the stan-
the higher tone are also harmonics of the lower tone. Bedard interval(i.e., a sequence of standardefore the com-
cause the third harmonic of the higher tone and the fourtlparison (tes) interval was presented. The standard was a
harmonic of the lower tone fall within a critical barithey ~ consonant interval{perfect fifth, or 7 semitones, frequency
are 2 semitones aparas do the third and fifth harmonics of ratio of 3:2 presented in transpositigine., each of the five
the higher and lower tones, respectivébiso 2 semitones presentations differed in pit¢hListeners’ task was to judge
apar}, some roughness is perceiviete Fig. 1b)]. The situ-  whether the test interval was a member of the sequence. The
ation is similar for perfect fourth&4:3 ratio [see Fig. 1c)]. test interval was a perfect-fifth interval from the sequence, a
Thus perfect fifths and perfect fourths are more dissonandissonant intervaftritone, 6 semitones, 45:32 ratithat was
than octaves, although they are still considepedfect con- 1 semitone narrower than a perfect fifth, or a consonant in-
sonancesn Western music theory. By contrast, complex- terval(perfect fourth, 5 semitones, 4:3 ratithat was 2 semi-
tone tritone intervals are considered dissonant, having #ones narrower than a perfect fifth. If judgments in this con-
large-integer frequency rati@5:32, no identical harmonics text are influenced more by sensory consonance than by
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differences in width, listeners should be superior at detecting - Chgﬁge
the smaller change. Alternatively, if interval width is a stron- - - .
ger determinant of perceived similarities, a change of 2 semi- 3 -
tones should be more reliably detected than a change of 1 (. 7 7
semitone. - 7 7

N L

F 7 - [
A. Method - =
1. Subjects - -

The listeners were 28 members of the University of
Windsor community who received course credit or token re-
muneration for participating in the experiment, which took
approximately 30 min. Listeners were recruited without re-
gard to musical background; six had more than five years of
music lessongM =8 years, the other 22 had five years or
less(M=2.3 years.

1-semitone
- change

TIT 1 1TV TrT1rrrrrri
~

pitch (semitones)

2. Apparatus

Stimulus presentation and response recording were con- L
trolled by a Power Macintosh 7100/66AV computer and a
customized software program. The stimuli were presented to
listeners with lightweight SONY CD550 headphones in a
sound-attenuating booth manufactured by Excel Industries.
Stimuli were musical instrument digital interfadIDI)
files created using theuBAsk 1.8.3 (Steinberg, Ing. music
sequencing software program. Stimuli were generated on-
line by a Roland JV-90 expandable synthesizer connected to
the computer with a MIDI interfacéMark of the Unicorn
MIDI Express.

2-semitone
- change
-
Ty o

time (.25 s intervals)

3. Stimuli

On each trial, listeners heard a sequence of five contig
ous equal-tempered perfect-fiftA-semitong¢ intervals, each
of which was 250 ms, followed by a 750-ms period of si-
lence and a 250-ms test interake Fig. 2 Although equal-
tempered consonant intervals are not tunedxactsmall- On each trial, sequence intervals were presented in ran-
integer frequency ratios, deviations from such ratios are verglom order, constrained such that the lowest interval was pre-
small(i.e., 2 cents, or 2% of 1 semitonfor equal-tempered sented first and the highest interval last, or the highest inter-
perfect fifths and perfect fourths. The intervals were prewval first and the lowest interval last. This constraint was
sented with a digitally sampled piano timbiRoland JV-90 implemented to eliminate primacy or recency effects and en-
factory preset: Acoustic Piano 11 sured that component tones of test intervals were never com-

Each of the five perfect-fifth intervals in the sequenceponents of the first or the last interval of the preceding se-
was a semitone apafe.g., 261.6 and 392.0 H&,—G,), quence. The entire sequence was presented at one of three
277.7 and 415.3 H£C}—G}), 293.7 and 440.0 H#D,—A,),  different pitch levels; the bottom tone of the lowest interval
311.1 and 466.2 HZDj-Af), and 329.6 and 493.9 Hz was 261.6C,), 277.2(C}), or 293.7(D,) Hz. Pitch level was
(E4—B,)], such that the ten component tones of the sequencgelected randomly on each trial such that there was an equal
did not belong to any musical key. Qm-changetrials, the  number of trials at each level. Each of 12 possible sequence
test interval was identical to the second highest interval irorders was used for each of the three types of triats
the preceding sequenge.g., 311.1 and 466.2 HDj—-Aj)  change, 1-semitone, 2-semitora each of the three pitch
for the sequence listed above; see Fif). Tlest intervals on levels, for a total of 108 trials. The 108 trials were presented
change trials were also comprised of component tones frorim a different random order for each listener.
the sequence. Oh-semitondrials, the top tone of the test To familiarize listeners with the procedure, two demon-
interval was displaced downward by 1 semitone relative tcstration and eight practice trials were presented before the
the test interval of no-change trials, forming an interval of 6actual experiment began. The change to be detected was
semitones[tritone, e.g., 311.1 and 440 HDj—A,)]. On  more obvious for these trials than for actual test trials. Spe-
2-semitondrials, the top tone was displaced downward by 2cifically, the test interval of change trials was displaced up-
semitones, forming an interval of 5 semitonggerfect ward or downward in pitch by an octave from the test inter-
fourth, e.g., 311.1 and 392.0 HB}—G})]. val of no-change trials.

uIEIG. 2. Schematic drawing of the three types of trials used to test adult
listeners in experiment 1. Numbers indicate interval width in semitones.
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4. Procedure 5

Details of the procedure were provided to listeners both ’
verbally and on the computer screen. Listeners viewed the 4 - ’
computer screen through a window in the sound-attenuating ’
booth and used a mouse to initiate trials and to record 3 |- 4
whether or not the test interval was a member of the preced-
ing sequencdyes” or “no” ). They initially heard two
demonstration trialéa change trial followed by a no-change
trial) and eight practice trialfour change, four no-chanpe
Following the practice trials, listeners were informed that A,
discrepancies between the test interval and sequence inter- A A Aa
vals during the actual experiment would be more subtle than ‘A
they were during practice trials. They then completed the L A
experimental trials. After each practice and experimental
trial, feedback(*“correct” or “incorrect” ) was provided on -1 0 1 2 3 4 5
the computer screen. 1-semitone d'

2-semitone d'
N
T
P
\
»>

B. Results and discussion FIG. 3. Discrimination(d’) scores for adult listeners in experiment 1. Points
' below the diagonal indicate better discrimination of 1-semit@igsonant

Overall performance was 67%, 75%, and 69% correcthanges than of 2-semitorieonsonantchanges.
on no-change, 1-semitone change, and 2-semitone change
trials, respectively. For each listener, two discriminatidh
scores(Elliott, 1964 were calculated. A 1-semitone score ments of Leveltet al’s listeners were affected equally by
was derived using proportions of “hits” on 1-semitone trials differences in interval width. By contrast, listeners’ perfor-
(correctly responding “noY and “false alarms”(incorrectly ~ mance in the present experiment was more influenced by
responding on no-change trialé\ 2-semitone score was de- Similarities in consonance than by similarities in width, even
rived similarly, substituting the hit rate with proportions of though the difference in width was twice as great for the
hits on 2-semitone trials. To avoid the possibility of infinite comparison between consonant interv@snd 5 semitonés
d’ scores, proportions of hits and false alarms were transas for the consonant—dissonant comparigéprand 6 semi-
formed for each listener by adding 0.5 to the numeréioe  tones.
number of “no” responsesand 1 to the denominatdthe The next group of analyses examined whether response
number of trial$, following Thorpeet al. (1988. Infinite d’ patterns were influenced by musical consonance. We tested
scores are thought to reflect sampling error due to the relawhether listeners’ years of formal music lessons could pre-
tively small number of trials rather than “perfect” discrimi- dict theird’ scores, the rationale being that if listeners’ judg-
nation (Thorpe et al,, 1988. Although this transformation ments were influenced by learned musical relations, those
changesd’ scores slightly, it does not alter their rank order. with more training in music would have been particularly
After transforming hit and false-alarm rates, the maximumlikely to exhibit perceptual grouping based on intervallic
d’ score was 4.64. consonance rather than width. The results revealed that nei-
Listeners’d’ scores are illustrated in the scatter plotther 1-semitone nor 2-semitone scores were associated with
(Fig. 3. Preliminary analyses revealed that listeners’ dis-musical training(r’'s<0.2, p’'s>0.3). To test whether musi-
crimination was well above chance levdld'=0) for both  cal training could predict the observed advantage for
comparisons[1-semitone changet(27)=5.84, p<0.0001, 1-semitone changes over 2-semitone changes, an “advan-
M=1.34, s.d=1.21; 2-semitone change1(27)=4.96, tage” (i.e., difference score was calculated for each listener
p<0.0001,M=1.11, s.0=1.18]. A pairedt test indicated by subtracting 2-semitoné’ scores from 1-semitone’
that listeners were significantly better at detecting thescores; advantage scores were also uncorrelated with musical
1-semitone change than they were at detecting théraining,r=0.23,p>0.2.
2-semitone change(27)=2.48, p=0.02 (difference score: Thus listenersformal training in music had no effect on
M =0.23, s.d=0.50. A nonparametric test examining differ- response patterns. Nonetheless, all of our adult listeners had
ences in median levels of performance confirmed that thgears ofinformal exposure to Western music. Virtually all
advantage for the 1-semitone change was consistent acrosgervals with small-integer ratioge.g., 2:1, 3:2, 4:3, 5:3,
listeners[Wilcoxon signed-ranks tesfnormal approxima- 5:4, 6:5 and little sensory dissonance are structurally impor-
tion) z=2.27,p=0.02]; 18 of 28 listeners performed better tant in Western music. Hence, implicit knowledge of familiar
on the 1-semitone change, seven performed better on thetervals garnered from informal exposure to music could be
2-semitone change, and three performed equally well on bothsed to explain the present results. Relatively uncommon
comparisons. intervals may be perceptually distinct from common inter-
On one hand, these results replicate those reported earals simply because they are unfamiliar. By studying listen-
lier by Leveltet al. (1966, who found that subjective judg- ers with considerably less exposure to music, however, in-
ments of similarities among complex-tone intervals varied asluences of consonance can be examined in a context where
a function of sensory consonance. On the other hand, judgeffects of familiarity would be minimized.

3324 J. Acoust. Soc. Am., Vol. 100, No. 5, November 1996 E. G. Schellenberg and L. J. Trainor: Sensory consonance 3324



1-semitone change no change cont.
L I

[ ]
EEm am mE C EEm L
77 77 . 77
77 77 6 6 77 7 7 77
N | | N | N |
s mm [ | e an mm m mn
0 Ledo b L LA L L L A L L L L 0 L & 0 ¢ 1 ¢ ¢ 0 & 0 0 1 & & 0 @ 1 & & 1 & ¢ &+ 0. & 8. 1 0 5 & &0 0 &8 0 0 8 £ 0B o3 oo o b & 0. 0 oo 0o 0 o1 1 ko 12
c
L
E
(1]
2
£ no change 2-semitone change ete.
3t HE = l:l : l=l
(m . [ ] | N
[ 7 7 nn 7 7 aE HE nn
- 7 7
-7 7 77
i 7 7 77 [ 55 7 7
[ [ ] [ W ] [ N ] [
LN | N | — - | N —

time (.2 s intervals)

FIG. 4. Schematic drawing of the method used to test infant listeners in experiment 2, illustrating the three types of trials and the 3-s response window for
each trial. Numbers indicate interval width in semitones.

Il. EXPERIMENT 2 (PMA-480 and an audiological GSE loudspeaker. Testing

In the present experiment, 7-month-old infants wereWas conducted in a sound-attenuating chamfhedustrial

tested in a design similar to that of experiment 1. Becaus@‘coUStiCS Co. Infants sat on a parent's lap facing the assis-

direct same/different judgments are not possible with infantst,ant' The loudspeaker was located 45° to the infant's left on

a variant of the operant headturn proced{see Trehub and top of a box with a smokeq Plexiglas _front that contained_
Trainor, 1993 was used. The young age of the Iistenersfour compartments, each with a set of lights and a r_’nechanl—
made it unlikely that exposure to music would be the sourc .al toy. Dur'lng relnforgement for correct responding, t_he
of their response patterns. Each infant heard a perfect-fift ghts were |I]um|nated In one Of. the Compartments’. which
interval (7 semitonespresented repeatedly at different pitch ena_bled the infant to see an activated toy. The assistant sat
levels and was trained to turn toward a loudspeaker when thl%ehInOI a small table that concealed the button box and had
interval changed. Headturn responses were monitored durin as,sortmen_t of hand Puppets that were used to attract the
three types of trials: no-change triglnother presentation of Mfant's attention between trials.

a perfect fifth, 1-semitone change trialpresentation of a

tritone, or 6 semitongsand 2-semitone change trialgre- 3. Stimuli

sentation of a perfect fourth, or 5 semitopes . . o .
P 4 As in experiment 1, the stimuli were harmonic intervals

A. Method comprised of two complex tones. The tones consisted of the
1. Subjects first ten harmonics added with random phases. Harmonics
' . . decreased successively in amplitude with a falloff of 6 dB

The listeners were 15 infants between 6.5 ar_1d 7'Eber octave. Tones were 200 ms including 10-ms linear onsets
months O,f_ age_(l\/l =7 months, 3 da))swho were rec_rwted and offsets. They were presented with an amplitude of 60 dB
from fam|I|es.I|\{|ng near McMaster Unlversny. All infants (A) at the approximate location of the infant's head.
were born W|.th|n 2_ weeks of term; they w§_|ghed at least The repeating backgroungtandaryl pattern consisted
2500 g at birth with no known abnormalities and were ¢ 4 repetitions of a perfect-fifth intervakxact 3:2 fre-
heglthy at the.tlme of testing. No infants were eliminated forquency ratip separated by 200 ms of silence. The standard
crying or fussing. pattern was presented at three different pitch levels, such that

the fundamental frequencies of its component tones were
2. Apparatus 261.6 and 392.4 H¥C,—G,), 277.2 and 415.8 HtCi—G}),

The experiment was controlled by a Macintosh lici com-or 293.7 and 440.5 HdD,—A,) (see Fig. 4. Successive pat-
puter. Stimulus tones were generated with Syntheg¢ize terns were always presented at different pitch levef®sen
sound-generation software prograrand an Audiomedia randomly and were separated by 800 ms of silence. No-
(DigiDesign 16-bit sound card. A customized software pro- change trials consisted of another repetition of the standard
gram controlled stimulus presentation. An assistant used pattern(i.e., a pair of perfect fifthsand were therefore indis-
button-box connected to a Strawberry Tree I/O carid a  tinguishable from the repeating background. During the test
custom-built interfack to initiate trials and to record re- phase, component tones of change trials were also compo-
sponses. Stimuli were presented with a Denon amplifienents of the repeating background. Specifically, on
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1-semitone change trials, the standard pattern was replaced 5

by a pair of tritone interval$6 semitones, 45:32 frequency ,
ratio, 277.2 and 389.8 Hz,#GG4), whereas on 2-semitone 4 L7
change trials, the standard pattern was replaced by a pair of e
perfect-fourth intervalgy5 semitones, 4:3 frequency ratio, 3 | L’

293.7 and 391.6 Hz, B-G,). During the training phase,
change trials consisted of a pair of minor-second intergals
semitong, with fundamental frequencies of 293.7 and 313.2

2-semitone d'
N
T

Hz (16:15 frequency ratio, P-Dj). This change of 6 semi- ,",‘
tones in interval width can be considered neutral with respect 1 A AA
to the experimental hypothesis because it was both dissonant A A»“ Aa
and had a large difference in width compared to the perfect- 0 L7 A
fifth standard. L A
A 1 L | 1 I
4. Procedure -1 0 1 2 3 4 5
1-semitone d'

The caregiver and assistant listened to masking music
through headphones. Infants sat on their caregiver's lap in
the booth and faced the assistant. The backgrdstashdarg FIG. 5. Discrimination(d’) scores for infant listeners in experiment 2.
pattern was presented repeatedly from a loudspeaker situatB@ints below the diagonal indiqate better discrimination of 1-semitdise
45° to the infant's left. The assistant manipulated hand pupSCna"t changes than of 2-semitorieonsonantchanges.
pets to attract the infant’s attention. When the infant was
facing directly forward, the assistant called for a trial by bias” on the part of the listeners, which likely stemmed from
pressing a button on the button box. Although the number ofheir limited attention span. As in experiment 1, twi6
background patterns between trials could vary according t§cores were calculated for each infésie Fig. 3. Compari-
the infant’s looking behavior, the minimum was three. TheSONs with chance levels of performance revealed that infants
assistant pressed another button on the button box whenev@ccessfully detected both the 1-semitone chang®)
the infant turned toward the loudspeaker. The computer re=6.85,p<0.0001(M =0.91, s.d=0.52, and the 2-semitone
corded only those headturns that occurred withs after the change,t(14)=4.49, p=0.0005 (M=0.60, s.d=0.52. In-
onset of a trial(see Fig. 4 Hence, the response window fants were better at detecting the smaller 1-semitone change
began with the onset of a trial pattefone pair of intervals ~ than they were at detecting the larger 2-semitone change,
and continued over the next one and a half patterns. Corre¢l4)=2.56,p=0.02 (difference scoreM =0.31, s.d=0.47).
headturnsi.e., during the response window for change tjials The observed effect wasot a consequence of the perfor-
resulted in visual reinforcement, which consisted of illumi- Mance of a few infants: a Wilcoxon signed-ranks teir-
nation and activation of a mechanical toy for 2 s. Incorrectlymal approximation confirmed that median levels of perfor-
turning toward the loudspeaker at any other time had ndnance were higher for the 1-semitone change than they were
consequence. for the 2-semitone change=2.19, p=0.03. Eight infants

The test phase consisted of 24 trials, with equal numbergxhibited an advantage for the 1-semitone change; only two
of no-change, 1-semitone, and 2-semitone trials. Trials werghowed the opposite pattefiive showed no differenge
presented in random order, constrained such that no mofdence, infants’ overall pattern of responding was identical to
than two no-change trials could occur consecutively, whictthat of adults with various degrees of musical trainieg-
precluded the possibility of relatively long periods with no Periment 3.
chance of reinforcement and subsequent loss of interest on
the part of the infant. The test phase was preceded by g GENERAL DISCUSSION
training phase, during which infants were trained to turn to-
ward the loudspeaker when the repeating backgrdstah- Adults and 7-month-old infants were tested on their dis-
dard pattern changed. The training phase was identical tgrimination of changes in the width of a consonant complex-
the test phase with the following exceptior@) all trials ~ tone harmonic interva(perfect fifth, 7 semitones, 3:2 fre-
were change trials(2) there was only one type of change guency ratip. Both groups of listeners were better at
trial, and(3) change trials were more obvious than those indetecting a relatively small change in widthsemitong that
the test phasg¢see Sec. Il AR After an infant made four resulted in a dissonant intervétitone, 6 semitones, 45:32

correct consecutive headturns on change trials, the trainingtio) than they were at detecting a change of twice the mag-
phase was terminated and the test phase began. nitude (2 semitonepthat resulted in another consonant inter-

val (perfect fourth, 5 semitones, 4:3 ratiddence, for both

groups of listeners similarities of complex-tone intervals

were based more on sensory consonance than they were on
Infants’ performance accuracy was 83%, 50%, and 38%nterval width.

on no-change, 1-semitone change, and 2-semitone change Our findings conflict with those from earlier studies,

trials, respectively. The relatively low false-alarm r&t&%) which reported that the effect of interval width on intervallic

and hit rateg50% and 38%reveal an overall “conservative similarity was equal to that of consonancgeevelt et al,

B. Results and discussion
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1966 or even strongefPlomp et al, 1973. This discrep- Regardless of sensory consonance, then, compared to inter-
ancy is likely methodological in origin. In general, listeners vals with larger-integer ratios, those with small-integer ratios
in auditory experiments may find it easier to attend to aappear to be encoded by listeners with relative ease, resulting
single dimension on which stimuli vary. In contexts wherein a stable perceptual representation and an enhanced ability
interval widths vary greatlyi.e., from 1 to 16 semitones in to detect subtle alterations to such intervals.
Leveltet al, 1966, from 1 to 12 semitones in Plonepal, Hence, perceptual similarities between intervals with
1973, listeners would be particularly likely to focus on dif- small-integer frequency ratios could, conceivably, stem from
ferences in width. When width differences are minimized,their privileged perceptual status. It seems more likely, how-
however, as in the present experimefits., from 5 to 7 ever, that a causal association would be in the opposite di-
semitoney influences of other dimensions would be morerection. Indeed, the present results are explained more sim-
likely to emerge, such as those attributable to sensory corply in terms of sensitivity to sensory consonance.
sonance. Our use of multiple examples of the standard inteSpecifically, we found that adults and infants are sensitive to
val presented in transposition may have further helped téhe roughness cues that arise when tones can only be par-
obscure differences in interval width and to make intervallictially resolved. Such sensitivity could promote rapid learning
quality, or consonance, more noticeable. of the frequency relations of tone combinations that are con-
Inevitable differences between the methods of experisonant, or naturally pleasant soundifi@ roughness This
ments 1 and Zinfants cannot make same/different judg- learning could then be generalized to other contexts, such as
ments; adults would show ceiling effects if tested in the in-those involving pure tones presented simultaneously or se-
fant procedure precluded direct comparisons between agedquentially. Similar to this hypothesis is Terhard($978,
groups. Nonetheless, patterns of responding among aduli®84 suggestion that infants learn about consonance and
and infants were identical in kind if not in quantity, and the dissonance through exposure to the overtone structure of
performance of adult listeners did not depend on their musivowels. Future research using discrimination measures to
cal training. These findings raise the possibility, then, thatest the perceived similarity of pure-tone intervalgth no
sensitivity to sensory consonance and dissonance is indepefgnsory dissonangeould determine more completely the
dent of learning or exposure to music. Evidence of such sersource of the results reported here.
sitivity in other species—where exposure to music is not an
issue—would provide support for this suggestion. For ex-oAcCKNOWLEDGMENTS
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