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Melodic accent: Experiments and a tentative model 
Joseph M. Thomassen 

Institute for Perception Research, P.O. Box 513, 5600 MB Eindhoven, The Netherlands 
{Received 6 May 1980; accepted for publication 24 January 1982) 

The perception of accent in tone sequences is a constructive process in which physical cues are matched 
against anticipated accents. The anticipation of the observer can experimentally be controlled by embedding 
the short tone sequence to be investigated in a context with a meter: method of controlled anticipation. An 
investigation of melodic accentuation, resulting from the succession of frequency intervals, revealed that in 
principle every change of frequency level between two successive tones can be interpreted as accentuation of 
the terminal tone of the change. The melodic contour seems to be most important. The first of two intervals in 
opposite directions operates as the strongest accentuation, whereas two intervals in the same direction are 
equally effective. The effect of relative magnitude is less pronounced. Only in the case of clearly diverging 
relative magnitudes the largest interval is the most powerful, particularly when the intervals are in the same 
direction. The advantage of rises over falls is almost negligible. The short-term influence of physical factors on 
momentary accent perception allows for a description in terms of a "memory window" sliding along the tone 
sequence. At each moment the frequencies within the window provide the physical cue for accent that has to 
be matched against anticipation. If the span of the window is minimal, i.e., three tones, accent perception in 
sequences of four tones, embedded according to the method of controlled anticipation, has been accounted for 
fairly well, the correlation coefficient between predictions and outcomes being 0.76. 

PACS numbers: 43.75.Bc, 43.66.Mk 

INTRODUCTION 

Listening to music is, in a way, trying to organize 
the incoming stream of sounds. The tendency to organ- 
ize incoming information manifests itself, in particular, 
when the listener imposes an organization upon a stimulus 
lacking objective indicators of an organization, e.g., the 
perception of "subjective rhythm" in the tick of a clock. 
From a complex rhythmic percept usually two inter- 
woven aspects are derived: accent and grouping. In 
the example of subjective rhythm, perfectly equal and 
equidistant ticks (or tones) are subjectively arranged in 
groups and often the first element in a group is per- 
ceived as an accent. However, this is not a general 
rule, there is no fixed relation between accent and 
group beginning (see, for example, the analyses of 
Cooper and MeyerS). Therefore it is useful to study 
tone sequences from an accent point-of view. 

Various physical factors can accomplish accentuation 
independently or in interaction. Dynamic accentua- 
tions caused by momentary increases in sound level 
play an important role in music but accents can occur 
without sound level variation; for instance in music 
played on a harpsichord accentuations appear to result 
mainly from temporal differentiation. (Sound level here 
is the quantitative measure that can be obtained with the 
standard sound level meter set for A-frequency weight- 
ing and fast exponential time averaging.) It is also 
clear, however, that accents can occur without either 
temporal or'dynamic factors. A computer-controlled 
synthesizer offers the possibility to keep the temporal 
and dynamic factors under strict control; by equalizing 
all tone durations and time intervals between onsets an 

isochronous tone sequence is obtained in which accents 
can still be perceived. These are partly "harmonic" 
in nature, due to the succession of complex tones with 
different spectral envelopes, and partly "melodic," 
due to the pitch sensation of the tones. When sinusoi- 
dal tones are used, the only accentuating factor left is 
the succession of frequency intervals leading to the per- 

ception of "melodic accents." Melodic accent is the 
main subject of the present investigation. 

There is some controversy about melodic accent in 
the early literature in experimental psychology. Meu- 
mann, a referring to music, and Squire, a writing on 
speech, thought that pitch differences could create 
accents in the same way as differences in loudness do. 
Woodrow 4 has tried to check this claim experimentally 
and he concluded that "pitch differences do not deter- 
mine the rhythm at all." His approach, however, was 
grouping oriented and based on a tradeoff between 
melodic and temporal factors; the outcomes of his ex- 
periments reflect that in his setup the temporal factor 
overruled the melodic factor. Ehrlich et al. s did find 

group-determining effects of pitch differences. They 
did not report any accentuating effects of pitch differ- 
ences: The tendency of their subjects to tap louder on 
certain tones was not interpreted as reproduction of 
perceived accents. Thereafter the problem seems to 
have drawn little attention, except with Royer and 
Garner. 6 They hypothesized that group beginnings 
are always accents and subsequently they and their 
followers turned their attention to grouping, abandon- 
ing the accent concept. 

The generarive theory of melody developed by Sund- 
berg and Lindblom ? is based on Chomsky's linguistic 
principles. Their approach consists in deriving a 
"prominence contour" for the melody to be constructed 
and relating timing, harmonic progression, and pitches 
to the position in the prominence contour. Unfortunate- 
ly the pitch rules for melody generation only apply if the 
underlying harmonies are known; in the case of unac- 
companied melodies, just a few rudimentary rules are 
given concerning the tonality defining function of first 
and last tones and the principle of proximity. No indi- 
cations are given about realizing a prominence contour 
by operations in the pitch domain. 

The principle of proximity has recently been investi- 
gated as one of the factors determining the coherence 
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of a melody. The results of Bregman and Dannenbring 
(see for instance Bregman 8) and Van Noorden 9 suggest 
indirectly that melodic accent (implying a note standing 
out in a sense) and coherence are related, though the 
nature of this relationship is as yet unclear. It is pos- 
sible, for example, that accentuated tones are heard as 
accents, that is to say as part of the melody, as long 
as coherence is possible, whereas in the case of fission 
they become conspicuous tones outside the melody (pos- 
sibly building a second melody). 

In the musicological literature melodic accent re- 
ceives hardly any more attention than in psychological 
literature. For Western traditional music, a fully elab- 
orated theory of harmony exists but there have been 
only a few attempts toward a systematic approach to 
melody. The available textbooks mostly bear on ton- 
ality, a concept closely related to harmony. Other as- 
pects of melody are usually illustrated by giving ex- 
amples without arriving at clear concepts. An exception 
in this respect is Oftmann, •ø who gives some intuitive 
rules for melodic accent, describes grouping, and indi- 
cates the conditions for the perception of a string of 
tones as a coherent melody. Although Smits van Waes- 
berghe n claims to treat melody irrespective of har- 
mony, much of his theory in essence rests on contrast 
of implied harmonies. He discusses examples of 
melodic accentuation but as regards melodic accent 
this author does not develop a consistent concept. 

For our purposes, the problem can now be formally 
stated and defined as follows. Accent is to be con- 

sidered as a concept in the perceptual domain that can 
be described without making use of physical properties 
of the tone sequence: When listening to a sequence of 
tones, some tones are perceived to be more prominent 
than others and are said to have accent. It will be use- 

ful to introduce separate terms in the physical domain. 
The term accentuation is used to indicate the physical 
cue that may elicit the impression of an accent. Re- 
stricting ourselves to pure tones, three physical pro- 
perties stand out. 

(1) A tone that has a higher sound level than its neigh- 
bors is said to have dynamic accentuation. 

(2) Temporal accentuation results from one or more 
operations in the time domain (e.g., a delayed onset of 
tone) that lead to the perception of accent. 

(3) Melodic accentuation is the accentuation given by 
the succession of frequency intervals of the sequence. 
In the present paper we are particularly interested in 
melodic accentuation. 

The first problem we encountered was to find a 
reliable and efficient method of measuring melodic 
accent. By searching for an operational definition of 
accent that does justice to the common notion, we 
arrived at a measurement method which is presented 
below. 

I. METHOD OF CONTROLLED ANTICIPATION 

A long melody often has a complicated structure which 
hampers systematic investigation. •herefore it seemed 

useful to consider melodic accent in short tone sequen- 
ces (motifs) first, and then having established a rela- 
tionship between melodic structure and accent percep- 
tion, to proceed to longer tone sequences. This aim ' 
and the following observations led to the particular 
method of measurement used in the present experi- 
ments. 

First and last tones of a melodic sequence derive 

accent from their very positions, as observed earlier 
by Oftmann. •ø In short sequences the first tone is 
mostly the strongest, whereas with increasing length of 
the melody the last tone becomes more important. Un- 
published experiments with short tone sequences indeed 
yielded a preference for the first tone. • 

In order to get rid of the effect of this preference it is 
necessary to embed the motif to be investigated in a 
longer sequence of tones (context), the melodic struc- 
ture of which should have no influence on the accent 

perception within the motif. Melodic neutrality of the 
context was achieved by making all frequencies before 
and after the motif equal to the frequencies of the first 
and last motif tones, respectively. However, in longer 
tone sequences, a more general anticipation on the part 
of the observer comes into play. 

Accents perceived early in the tone sequence are con- 
sidered by the observer to indicate the accent structure 
of the whole sequence; he usually expects a meter, i.e., 
a periodic accent structure. Once such accent struc- 
ture is established, it tends to be continued in the mind 
of the listener. We can regard this continuation as an 
anticipation to hear certain accent patterns. This antici- 
pation may be either confirmed or contradicted by the 
current accentuation. Because of the subtleness of 

melodic accent and the fact that a certain amount of 

anticipation seems always to be present--even a purely 
subjective meter may be responsible for anticipation-- 
it is necessary to control the observer's anticipation 
in a way that enables us to investigate the influence of 
physical factors in accent perception. This controlled 
anticipation can be obtained by means of dynamic ac- 
centuation, i.e., by increasing the sound level of cer- 
tain tones. We postulate that in simple tone sequences 
a direct correspondence exists between dynamic accen- 
tuation and perceived accent. When a dynamic accentu- 
ation is applied to the context, a simple and clear met- 
ric accent structure can be elicited. To establish a 

fixed influence from first and last tones it seemed use- 

ful to have the first and last tones of the sequence ac- 

centuated. It appeared possible to establish a meter 
subjectively, with as few as two accentuations preced- 
ing the motif, the distance between these accentua- 
tions defining the period. It was decided to make use 
of a robust pattern of four accentuations preceding the 
motif and two accentuations afterwards. This last mea- 

sure enabled the observer to check whether he had been 

able to continue the meter through the motif. For dy- 
namic accentuation a 4-dB increase in sound level 

proved to be adequate. To control the influence of 
temporal factors the sequences were all made isochron- 
ous, i.e., a fixed onset-onset time was used and a 
fixed tone duration. 
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FIG. 1. The stimuli are all tsochronous sequences with fixed 
tone duration (100 ms). Frequency levels, in semitones, of 
the pure tones are shown relative to the starting tone (1 kHz). 
The motif (a peak of four semitones) is indicated by an acco- 
lade. In the upper part of the figure the relative amplitude en- 
velope is represented. The rise and fall times of the trape- 
zoidal envelope are 10 ms. Dynamic accentuation is achieved 
by an increase in sound level of 4 dB. The anticipation induced 
by the meter is indicated by the shaded area. In sequences 1, 
2, and 3 anticipation occurs for tones 1, 2, and 3 of the motif, 
respectively. 

We thus arrived at tone sequences of the form illus- 
trated in Fig. 1. As an example, three different tone 
sequences are presented that can be obtained with a 
three-tone motif, the second tone of which is four semi- 
tones higher in frequency than the other two. The 
starting tone being fixed in frequency at 1 kHz, the fre- 
quency intervals between the successive motif tones 
determine the whole course of frequency. 

Henceforth we will indicate motifs by this succession 
of intervals, giving their magnitudes in semitones and 
denoting upward/downward direction by plus/minus 
signs. For this three-tone motif the code reads (+4-4). 
The period of the meter is chosen according to the 
length of the motif, leading here to a ternary meter. 
Mental continuation of the meter induces anticipation of 
an accent on one of the tones of the motif (shaded). By 
displacing the motif with respect to the meter it is pos- 
sible to induce this anticipation for the 1st, 2nd, or 3rd 
tone of the motif. This results in the three tone se- 

quences (1, 2, and 3) shown in Fig. 1. 

In each case, the physical parameters of the motif 
tones may either confirm or run counter to the anticipa- 
tion. Presumably this leads to either regular or ir- 
regular rhythm (meter), i.e., continued or disturbed 
periodicity of the accent structure. Subjects can then be 
asked to indicate this regularity by comparing pairs of 
tone sequences or scaling separate sequences. The 
sequence in which there is coincidence of accentuation 
and anticipation is expected to be judged as the most 
regular. 

The direct correspondence between dynamic accentua- 
tion and accent was exploited to test this expectation; 
instead of a motif with frequency differences, we kept 
all frequencies equal and used a motif with sound level 
differences only. Sixteen subjects (ten members of the 

Institute and six music students) participated in the ex- 
periment. The results indicated that sequences in 
which accent (accentuation) and anticipation coincided 
were indeed judged as being the most regular in 95% of 
the 360 (= 10x 30 +6 x 10) trials. 

The method was then applied to motifs with melodic 
accentuation only. Again there was a fair degree of 
agreement among the subjects (eight members of the 
Institute). In 87% of the 1152 comparisons the tone se- 
quence in which anticipation coincided with the terminal 
tone of a single change of frequency level was preferred 
to the sequence in which anticipation preceded this 
change. Most subjects had participated in the previous 
experiment in which coincidence of dynamic accentua- 
tion and anticipation was shown to result in judgments of 
regularity. In the present experiment, the mechanisms 
of melodic accentuation were unknown at the outset, but 
it is reasonable to assume that these subjects again 
judged the sequences in which anticipation and accentua- 
tion coincided as the most regular. This implies that a 
change of frequency level might be interpreted as melo- 
dic accentuation. This was further investigated in the 
main experiments on melodic accentuation which will be 
described next. In these experiments the "method of 
controlled anticipation" was used with confidence be- 
cause of the uniform behavior of the subjects. 

II. EXPERIMENT I: THREE-TONE MOTIFS 

A. Procedure 

Tone sequences were presented in pairs, each pair 
counting as one trialø All tone sequences were isochron- 
ous; there was a fixed time interval (216 ms) between 
the onsets of successive tones, and all tone durations 
were equal (100 ms). 

The sinusoidal tones had a trapezoidal amplitude 
envelope with 10-ms rise and fall times. The sound 
level of a tone was equal either to a reference level 
(unaccentuated tones) or to a level 4 dB higher than the 
reference level (dynamically accentuated tones). The 
tone sequences contained a periodic accent structure, 
starting with the first and finishing with the last (19th) 
tone, the period being three tones (see Fig. 1). 

Each trial was preceded by a short attention signal. 
The onset-onset time between attention signal and 
stimulus was equal to one period of the meter, as was 
the onset-onset time between last tone of the first se- 

quence and first tone of the second sequence. Following 
a stimulus a response time of at least 2 s preceded the 
attention signal of the next stimulus. 

The three-tone motifs that were investigated and the 
order and mode of presentation of the stimuli differed 
somewhat for the two groups of subjects. 

I. Group A 

The main group of subjects consisted of members of 
the Institute, including the author. The subjects all had 
normal hearing and were experienced experimental sub- 
jects, though not selected on the basis of musical cap- 
abilities. 
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There were five successive sessions. Motifs with 

frequency intervals of magnitudes, 4, 8, and I semi- 
tone(s), were presented in sessions 1, 2, and 3, 
respectively. Within each session all possible combin- 
ations of intervals with the given magnitude were em- 
ployed. For example, session I contained the eight 
motifs (+40), (-40), (0+4), (0-4), (+4-4), (-4+4), 
(+4 +4), and (-4-4). Thereafter motifs containing two 
intervals of unequal magnitude (one and eight semi- 
tones) were presented, the two intervals being in op- 
posite directions in session 4, or in the same direction 
in session 5. In addition, the motifs with the same pat- 
tern of intervals from session I were presented again 
in sessions 4 and 5. This served as a check because 

the composition of the subject group did not remain 
constant, although at least 50% of the subjects had 
always participated in earlier sessions. 

For each motif the three possible tone sequences 
(anticipation occurring for 1st, 2nd, and 3rd motif 
tones, respectively) resulted in six pairs that were 
presented three times each. The stimuli were arranged 
in such a way that the succession of various motifs and 
various anticipations made an impression of random- 
ness. The material was divided into blocks; the block 

length was eight trials in sessions 1 to 3, and six trials 
in sessions 4 and 5. Every session was preceded by 
two practice blocks. The blocks were separated by an 
extra pause of 3 s and every block was preceded by an 
extra attention signal. Subjects had to make a forced 
choice between the two tone sequences. The instruc- 
tions read: "In this experiment you will have to com- 
pare pairs of tone sequences. You have to indicate 
which sequence (the 1st or 2nd) gives rhythmically 
(metrically) the most regular impression. You have 
to respond, even if in doubt." 

The tape containing the stimuli was prepared with 
some automatic stops dividing an experimental session 
into three equal parts of about 10 min each. This gave 
the subjects the choice to pause or to proceed at will. 
The subjects did the experiments one at a time in a 
sound-insulated booth. The reference sound level was 

adjusted to 55 dB SL (sensation level). 

2. Group B 

In order to test whether musically experienced per- 
sons would produce different (or more pronounced) re- 
suits, part of the experiment was repeated with a group 
of music students from the Universit7 of Utrecht. They 
were paid for their services. Seven different motifs 
were treated, one motif with sound level differences 

only and six motifs with frequency differences only. 
All possible motifs with intervals of four semitones 
were considered except the motifs (0 +4), (0-4). 

Motifs were treated one at a time. The six possible 
pairs were presented ten times in all, stimuli being 
preceded by 12 pairs as practice (every possible stimu- 
lus twice). The stimuli were arranged in such a way 
as to give an impression of randomness. For each of 
the six melodic motifs a different permutation of the 
pairs was substituted to exclude the possibility that 
the subjects would become familiar with the scheme. 

COMPUTER • FREQUENCY SYNTHESIZER 

..r ATTENUATOR 

ENVELOPE __•-- GATE 
GENERATOR 

FIG. 2. Block diagram of the equipment. 

--•-••ATTENUATOR 

The material was divided into blocks, two practice 
blocks (block length 6) and six experimental blocks 
(block length 10). The six subjects were tested at the 
same time in a quiet classroom. The reference sound 
level was adjusted to be acceptable to every subject. 

B. Apparatus 

The generation of the stimulus material was con- 
trolled by a P9202 minicomputer, connected to a digi- 
tal tone generator (HP 3320 B). A modular interface 
(MARIE, cf. Moohen and de Jong •) made computer con- 
trol of the signal generation and shaping possible. The 
relative sound level of the tones was adjusted by a dig- 
itally controlled attenuator before the tones were fed 
into a Vario-S gate, an envelope generator determining 
the trapezoidal amplitude envelope, all modules de- 
veloped and made at the Institute (Fig. 2). 

The stimuli were recorded on tape with a Revox A77 
tape recorder and were presented diotically to the sub- 
jects in a sound-insulated booth (Amplifon Type G) or in 
a quiet room. Subjects wore headphones (Sennheiser 
HD424) connected to the recorder via a manually adjust- 
able attenuator (General Radio Type 1450-TA). 

C. Results 

I. Presentation of the data 

For each pair comparison, the difference in votes for 
the two sequences was summed over the subjects. This 
was done separately for groups A and B, numbers for 
the second group subsequently being placed between 
square brackets. If a two-tailed Sign Test for N--24 (8 
subjects x 3 repetitions) IN =60 (6 subjects x 10 repetit- 
ions)] shows that the difference in votes is significant 
(P< 0.05) it is said that there is a consensus among the 
subjects. In the case of P< 0.25 we speak of a trend. 
On the whole there was consensus in 74.6% [69%] of the 
216 [42] pair comparisons, and a trend in 6.9% [17%] of 
the cases. The rest of the cases, 18.5% [15%], were 
mainly comparisons of equally regular or irregular se- 
quences. There was no difference between experiment- 
al sessions. Subjects that deviated from the consensus 
or the trend did not do so systematically. This degree 
of agreement between subjects justifies the treatment of 
the results for all subjects in a group together. 

Response consistency was defined by comparing the 
responses of a given subject to the two tone sequence 
pairs that differed only in order of presentation. If the 
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responses favored the same sequence, regardless of 
order, this was counted as a consistent case. The per- 
centage of cases that were consistent was calculated 
over all sequences and sessionsø 

If there was a preference for the first or the second 
sequence in a pair there would be an inconsistency be- 
tween the results for the two pairs with the same se- 
quences in different order. Consistency increased with 
the agreement between subjects: 87% [94%] of the con- 
sensus cases were consistent, whereas 74% [88%] of the 
trend cases and 67% [92%] of the remaining cases were 
consistent. In all, 83% [92%] of the responses were 
consistent. 

We can obtain an impression about a possible pre- 
ference P•. for the second sequence in a pair X-- Y by 
subtracting the number of votes for a sequence in first 
position V•(X) from the number of votes for that same 
sequence in second position V•.(X). Dividing this differ- 
ence by twice the total number of votes per pair, V, we 
obtain the relative number of votes that shifts from first 

to second sequence of a pair as a consequence of a pre- 
ference for the second sequence: P•. =[V•.(X)- V•(X)]/ 
2V. 

Adding the results for all pairs, we found a preference 
of only P• = 1.3% [P2 = -0.8%]. A chi-square test leads to 
the same conclusion: There were 2650 [1239] votes for 
the second sequence compared with 2534 [1281] votes 
for the first sequence; this is not a significant deviation 
of an even distribution, X•' = 2.60 [=0.7]< 5.02 (•p= 1). 
There was no significant preference for the first or the 
second sequence in a pair. Moreover, the number of 
pairs with the same sequences in different order as 
balanced, so that the results for mutually reversed 
pairs were added. For the motifs that were presented 
to both group A and B the outcome of the pair compari- 
sons for the two groups were added, because there was 
hardly any difference between the responses of the 
musically trained and untrained subjects. Only the 
motif (+4 +4) showed a clear difference between the 
groups. 

2. Interpretation of the graphs 

By adding the results for mutually reversed pairs 
the number of pair comparisons for each motif was re- 
duced to three. The results of these three pairs can 
be given a combined meaning by a graphical presenta- 
tion in an equilateral triangle as shown in Fig. 3. The 
motif, in this example a descending interval of eight 
semitones, followed by a frequency repetition, is de- 
noted by a code: (-8 0). The corners of the triangle 
represent the three tone sequences with anticipation 
of motif tones 1, 2, and 3. 

If we assume that "masses" proportional to the ac- 
centuations of motif tones 1, 2, and 3 are located in the 
corners we can then determine a center of gravity for 
the triangle. This center of gravity describes in a 
compact way the relative accentuations of the tones. 
Each experimental pair comparison provides us with 
the ratio of two of the three "masses." For instance, 
the point P divides the line segment 12 into two seg- 
ments 1P and P2, the ratio of the lengths being equal 

1 2 3 (• 

(-8 o ) 

1 

• 1:2--,-lO:9O 
2:3--,-81:19 
3:1 --,-50:50 

8) 

3 

FIG. 3. Example of the graphical representation of the results. 

to the reciprocal of the ratio of votes for sequences 
i and 2 in pair comparison 1--2. By means of the 
dashed lines, it can be seen whether a pair compari- 
son revealed a significant preference: the dashed lines 
mark the outcomes 32:16 and 16:32, which are signifi- 
cant according to the Sign Test (N =48). 

Note that the preference for 2 in comparison 1--2 
was significant. Similar points are constructed for 
the pairs 3-- 1 and 2--3. The constructed points are 
connected with the opposite corners. The connecting 
lines intersect at the triangle's center of gravity in the 
case of perfectly "fitting" pair comparisons. If the 
three intersecting points do not coincide, a small tri- 
angle results with an area that indicates the divergence 
of the pair comparisons. A center of gravity is then ob- 
tained by determining the geometrical center of gravity 
of this small triangle, as is demonstrated in Fig. 3. So, 
in this example the center of gravity is located nearest 
to tone 2, indicating that this tone is accentuated rela- 
tive to tones 1 and 3. 

3. Outcomes of the pa/r cornpar/sons 

The data are presented in terms of changes in fre- 
quency level. A change of frequency level is character- 
ized by magnitude and direction; the sequence of direc- 
tions (signs) of successive frequency intervals defines 
a melodic contour. The results are not arranged per 
session, but motifs with similar melodic contours are 
grouped together, mutually inverse motifs (motifs with 
the signs of all frequency intervals inverted relative to 
each other) being denoted by similar symbols. 

The results for the motifs with a single change of fre- 
quency level are plotted in Fig. 4(a) (motifs with the 
change between first and second tone) and Fig. 4(b) 
(motifs with the change between second and third tone). 
In all cases there was a significant preference for the 
terminal tone of the frequency change. The data points 
for mutually inverse motifs are close together, those 
for the frequency rises being located somewhat more to 
the corner in Fig. 4(a), whereas the same holds for 
frequency falls in Fig. 4(b). Note that in both Figs. 4(a) 
and (b) the results for frequency level changes of four 
semitones are the most significant. 
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z• +1 0 /• ß-1 0 z• 0+1 //• ß 0-1 
• •4 0 /''• ß-4 0 0 0+4 / • ' 0-4 .- 

I (a) 3 I (b) 3 

2 2 

z• +1-1 /• ß -1+1 z• +1 +1 /• ß -1-1 
0 +4-4 / •.• *-4+4 0 +4+4 / • *-4-4 
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•*8-1 /' ;ll<•>.•, *-8*1 •*8*1 ,•' -'...• *;8-1 

I (c) 3 I (d) 3 

FIG. 4. (a), (b) Motifs with a single frequency level change 
at the beginning/end; (c) motifs with two frequency level 
changes in opposite directions; {d) motifs with two frequency 
level changes in the same direction. For each motif, denoted 
by its code, a center of gravity is constructed as in Fig. 3. 
The closer this point lies toward a corner, the stronger the 
corresponding motif tone is accentuated. The total number 
of votes per pair comparison: N = 156 for (+4 -4), (-4 +4), 
{+4 +4), {-4 -4); N=108 for (+4 0), (-4 0); andN=48 for 
all other motifs. The dashed lines indicate significance ac- 
cording to the Sign Test for N = 48. 

The results for motifs with two frequency level 
changes in opposite directions, plotted in Fig. 4(c), 
show that there was a significant preference for the 
second tone in the motifs (+4-4), (-4 +4), (+8-8), and 
(+8-1), whereas no significant preference was found 
in the motifs (-8 +8), (-8 +1), (+ 1 -8), (-1 +8). Gen- 
erally, the preference for the second tone was stronger 
for the motifs with a frequency rise at the beginning 
as compared with the corresponding motifs with a fre- 
quency fall at the beginning. Note that for the motifs 
(+ 1-8) and (-1 +8) there is no clear shift towards the 
third tone as compared with the motifs (+ 1-1) and 
(-1 +1). 

The data points for motifs with two frequency level 
changes in the same direction can be found in Fig. 4(d). 
As compared with Fig. 4(c) the cloud of data points has 
spread somewhat and has moved away from corner 2. 
Except for the motifs (+8 + 1)--second tone--, (+ 1 + 1) 
and (-1-1)--third tone--, no significant preference is 
found. 

4. Discussion 

Tones obtain a fair number of votes only when pre- 
ceded by a frequency change. This is a necessary con- 
dition as is shown by the empty corners I in Figs. 4(a)- 
(d), the first tone always being preceded by a tone of 
equal frequency. It seems that a change of frequency 

level between two successive tones has to be considered 

as an accentuation of the terminal tone of the change. 

In the absence of surrounding (i.e., competing) fre- 
quency level changes, the change operates indeed as 
strong accentuation, almost independently of its direc- 
tion and magnitude (note however, the significance of 
the results for intervals of four semitones as compared 
with the intervals of one and eight semitones). How- 
ever, the terminal tone of a change may be the initial 
tone of the next change in the case of two successive 
changes. If both changes were independent accentua- 
tions, we would expect the number of votes for the 
second and third tone to be equal, but this is not often 
the case as can be seen in Figs. 4(c) and (d). It is ob- 
vious that the melodic contour of motifs with frequency 
level changes of equal magnitude largely determines dif- 
ferences in accentuation. The accentuation of the first 

of two successive changes in opposite directions is the 
strongest except when the magnitude of the change is 
one semitone: in that case the accentuations are equal. 
Two changes in the same direction yield equally strong 
accentuations, except again when the magnitude of the 
changes is one semitone, which makes the second ac- 
centuation the strongest. Considering next the pair 
comparison 2•-3 for all three-tone motifs with two 
frequency changes of unequal magnitude, we find the 
total number of votes for the terminal tone of frequency 
level changes of one and eight semitones to be 136 and 
248, respectively. This is a very significant deviation 
from the equal distribution 192:192 which had to be 
expected if there would be no effect-of relative magni- 
tude (the pair comparison for each of the eight motifs 
being presented six times to eight subjects). Although 
there is an effect of relative magnitude it is not strong 
enough to produce systematic shifts in the preferences 
due to the melodic contour. Thus the relative magni- 
tudes of successive frequency level changes seem to be 
less important than the melodic contour. 

The difference between the accentuations brought 
about by frequency level rises and falls of the same 
magnitude seems to be small. Considering all three- 
tone motifs we see that the material contains the same 

number of falls and rises. Counting the total number of 
votes for the terminal tones of frequency changes, we 
find 1040 votes for the falls and 1080 votes for the rises. 

This means a Small and insignificant advantage for the 
rises. Looking for systematic differences between 
mutually inverse motifs we see in Figs. 4(a) and (c) that 
all motifs with a frequency rise at the beginning show a 
stronger preference for the second tone than the cor- 
responding motifs with a fall at the beginning. However, 
in Fig. 4(b) falls seem to give stronger accentuations 
and in Fig. 4(d) there is no systematic difference. On 
the whole, rises and falls are equally effective. 

A possible interpretation of the results could be that 
the accentuation of the first frequency change by its 
precedence suppresses the accentuation of the second 
change, and that it does so more strongly, the stronger 
its own accentuation. The strength of accentuation then 
is determined in decreasing order of importance by di- 
rectional difference (melodic contour), relative magni- 
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rude, and a possible difference between rise and fall; 
the effect of relative magnitude can become more 
noticeable when there is no effect of directional differ- 

ence. 

III. MODEL 

We will now develop a model, starting from intuitive 
considerations about accent perception and taking the 
results of the experiments into account. This will re- 
sult in an algorithm to compute an accent strength for 
each tone in a melodic contour. Predictions made by 
the model about accent perception in four-tone motifs 
can then be verified. 

While the anticipation of the observer is built up and 
maintained over fairly long periods of time, acoustical 
factors are thought to exert their influence within a 
short time. We consider a change of frequency level to 
be the basic acoustical cue for melodic accent: a fre- 

quency level change between two successive tones can 
be conceived of as causing melodic accentuation of the 
second tone. However, two successive frequency 
changes bring about melodic accentuations that differ 
according to the relative directions and magnitudes of 
the changes. This implies that, in order to determine 
the presence of melodic accentuation of a certain tone in 
the sequence, at least three tones have to be stored in 
the subject's memory. This "processing window" has 
to be carried along the shift to the next tone of the se- 
quence. In this way a series of equivalent impressions 
are linked up. Thus we can describe the perceptual 
process in terms of a window sliding along the tone 
sequence; the window will have a limited size, spanning 
at least three tones, however. The frequency level 
changes between the tones in this window determine 
their probabilities of being perceived as an accentø 
The ultimate accent perception, however, is also in- 
fluenced by anticipation. There are good reasons for 
assuming that the melodic contour makes an important 
contribution to memory for melody (see for instance 
Dowling and Fujitani•4). Moreover, our experiment 
with three-tone motifs indicates that the melodic con- 

tour could be the most important determinant of 
melodic accentsø Therefore it seems useful to intro- 

duce a distinction between effects of contour and effects 

of relative magnitude of successive frequency changes. 

Apart from these effects, tonal relationships play a 

TABLE I. The values P/+•(C/+l,Ci+2) and .t:•i+2(Ci+l, Ci+2 ) to 
be assigned to the second and third tones of a motif containing 
frequency levels i to i + 2; these values are derived from the 
results of experiment I. 

Ci , 1 Ci + 2 Motif Pi ß ! Pi ß 2 

( 0 0 ) 0.00 0.00 Postulated 

(-• 4 0) 1.00 0.00 
(0 • 4) 0.00 1.00 

(+4-4) 0.83 0.17 Experimental values 
(-4+4) 0.71 0.29 of pair comparison 
(+4+4) 0.33 0.67 2 • 3 (session 1) 
(-4-4) 0.50 0.50 used. 

role. It was decided to concentrate first on the influ- 

ence of the melodic contour. We can simulate the pro- 
cess with a window containing only three tones by using, 
for instance, the experimental results from experiment 
I, session I (A-subjects, three-tone motifs with inter- 
vals of four semitones). 

Suppose the window contains the tones i, i + 1, and 
i +2 related by the frequency level changes Ct+• and 
Ct+•., respectively. Now call the relative probabilities 
for tone i + 1 and tone i +2 to be perceived as an accent, 
respectively, Pt+• (Ct+•, Ct+•.) and Pt+•. (Ct+•,Ct+•.). We 
postulate both probabilities to be zero if the window con- 
tains no frequency level changes, otherwise they are 
positive and normalized: 

.{0, Ct+ • P,+•(Ct+•, C,+•.) +Pt+•.(Ct+•, C,+•.) = 1, else 
=Ct+2 =0 

ß (1) 

The values for the probabilities as derived from experi- 
ment I are given in Table Io 

The postulated values mean that no points are allotted 
in • situation where no accentuation is present. The 
results for one single frequency change contained in the 
window are idealized because they were virtually uni- 
vocal. In the case of two successive frequency changes 
the experimental values for the pair comparison 2--3 
are substituted for Pt +• and Pt +2. 

Having applied this procedure of allotting points for 
the window being in a certain position in the tone se- 
quence, a shift is made to the next position and the pro- 
cedure is repeated. At the boundaries of the tone se- 
quence the window contains only one or two tones. In 
the case of a single tone this tone is assigned the 
value 1.0. In the case of two tones, the tone immediate- 
ly after the frequency level change receives the value 
1o00, whereas both tones are assigned 0.50 if there is 
no frequency change between them. The product of the 
values allocated to a tone i is considered to be a mea- 

sure of its accent strength At. The accent strength of 
each tone then indicates how much accentuation con- 

tributes to the probability that this tone will be per- 
ceived as an accent, in the hypothetical case of no anti- 
cipation. In this way a sequence of tones i (i = 1, .... n) 
is transformed into a sequence of accent strengths A t 
(i = 1, o.. ,n) according to the formula 

At =Pt(C,-•, Ct) x Pt(Ct, C,+•) . (2) 

As an example we apply this procedure to a four-tone 
motif containing only intervals of four semitones and 
embedded according to the method of controlled antici- 
pation (Fig. 5). 

The model, applied in this way to all three-tone 
motifs with intervals of four semitones, yields exactly 
the values of Table I: the accent strengths of the sec- 
ond and the third tone of each motif are found to be the 

values Pt+• and Pt+2 at the corresponding table entry. 
The model thus reproduces the data on which it is 
based. By using the model to compute expected accent 
strengths for all possible four-tone motifs with inter- 
vals of four semitones, predictions can be made for 
accent perception in four tones. These predictions 
were tested in experiment II. 
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Tones 

I .oo .oo i 

I, , .oo 

P's I 

I 

1.00 I 
.3 3 .67 I 

.83 .1 7 ! 

I 1.00 .00 ! 
x 

A's .0 0 .3 3 .5 5 .1 7 
FIG. 5. An example of the operation of the model. 

IV. EXPERIMENT II- FOUR-TONE MOTIFS 

A. Setup 

We considered four-tone motifs with intervals of 

four semitones. Motifs that are trivial expansions of 
three-tone motifs were excluded, thus leaving 12 (pos- 
sible) motifs. The onset-onset time was chosen to be 
180 ms, and the tone duration was 100 ms again. The 
method of controlled anticipation was applied, the 
period of the meter being four tones. Anticipation could 
be induced for each tone of the motif, resulting in four 
possible sequences per motif. In a pair comparison ex- 
periment these four sequences wouid yield 4x (4-1)= 12 
pairs per motif. With 12 motifs and the need to present 
each pair several times this leads to a number of stimu- 
li that would take too much timeø It seemed more ef- 

ficient to ask the subjects to judge separate tone se- 
quences using a four-point scale to be interpreted as' 
the rhythm (meter) of the sequence is (++) for surely 
regular, (+) for regular, (-) for irregular, or (--) for 
surely irregular. 

Further time saving was obtained by testing six sub- 
jects at a time together in a quiet room. All subjects 
had participated in experiment I (group A). The stimuli 
were presented diotically by headphones at a comfort- 
able sound level. In each of three sessions the subjects 
had to work through the material of four motifs. The 
sequences for a motif were presented successively, the 
order being random with respect to the tone for which 
anticipation was induced. Every sequence was presen- 
ted eight times. Having treated a motif a pause was 
allowed before continuing with the next motif. A ses- 
sion lasted about 45 min. 

B. Results 

A presentation of the data in terms of median cate- 
gories and interquartile ranges would be appropriate 
but then comparisons between categorical data and pre- 
dicted scale values would not be straightforward. Hence 
the categorical responses were transformed into points 
on a linear scale with boundaries 0 and 1 for the most 

irregular and most regular tone sequences. The two 
middle categories were assigned the scale values « and 
] although it is well recognized that response cate- 
gories are not perceptually equidistant in generalø 

Figure 6 shows the accent strengths for the 12 motifs 

1603 J. Acoust. Soc. Am., Vol. 71, No. 6, June 1982 

1 

o 

1 

o 

• / 

r = .94 

r--.94 

r--.95 

r =.99 

r =.80 

r =.88 

r=1.00 

r=.88 

r--.93 r = .88 r =.88 

2 3 4 1 2 3 4 

TONE •- 

FIG. 6. The accent strengths for the tones of 12 motifs. Each 
motif is represented by the succession of frequency level 
changes. The correlation coefficient r shows the agreement 
between theoretical and experimental scale values. connected 
respectively by solid or dashed lines. The standard deviation 
(six subjects) is indicated by vertical bars. 

calculated according to the model together with experi- 
mental scale values averaged over six subjects. The 
corresponding standard deviations over the subjects 
are indicated by vertical bars. The predicted values 
are connected by solid lines, the experimental values 
by dashed lines. The correlation coefficient is denoted 
by r. 

C. Discussion 

In Fig. 6 mutually inverse motifs are arranged ver- 
tically in pairs. The motifs in the first column were 
clearly the most easily judged, as implied by the rela- 
tively small standard deviations. Obviously there is no 
further interaction between two frequency changes if 
they are separated by a frequency repetition. In the 
second column the accent strengths of the second and 
the fourth motif tone are always the strongest. This 
may express a fact of precedence: if the first frequen- 
cy level change has been effective, the second change 
cannot exert its influence whereas the third change can 
again assert itself. 
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In the last column not all mutually inverse motifs 
yield equal results, in particular the scale values for 
the motifs (+4+4-4)and (-4-4 +4)differ. This may 
be due to the somewhat stronger accentuations of fre- 
quency rises as compared to frequency falls. We in- 
spected the categorical responses with respect to this 
difference. There were 768 judgments to be made for 
sequences in which anticipation occurred immediately 
after a rise. The same number of inverted sequences 
was presentedø This resulted in 569 positive (i.e., 
+ + or +) judgments for rises against 534 positive 
judgments in the case of falls: a small and insignifi- 
cant difference. On the other hand, there was a sig- 
nificant difference in the number of judgments that 
were surely regular (++): 345 for rises against 271 
for falls, P< 5%. 

Although the model contains a certain asymmetry 
with respect to rises and falls, this is not sufficient 
to account for the difference in the results of some 

mutually inverse motifs. Nevertheless the procedure 
gives a reasonable description of the four-tone motifs' 
on the whole there is a fairly good agreement between 
predicted values and outcomes; a calculation of the cor- 
relation r of the whole material (48 points) gives r 
=0.76. The correlation coefficients of the separate 
motifs cannot be assigned much weight, since there are 
only a few degrees of freedom. 

V. GENERAL DISCUSSION 

The method of controlled anticipation proved to be 
adequate for the study of accent perception in tone se- 
quences. We believe that the subjects were able to 
handle the criterion of judging regularity in a way that 
admits conclusions about accent perception. In the case 
of dynamic accentuation the tone sequences with coin- 
ciding accentuation and anticipation were preferred unan- 
imously. This was also the case with melodic ac- 
centuation, where the agreement between subjects was 
highly significant. A number of them had already par- 
ticipated in experiments with dynamic accentuation and 
it is not plausible that they handled the criterion dif- 
ferently for dynamic accentuation and melodic accentua- 
tion. Thus there seems to be no reason to doubt the 

validity of the results. 

The results of the experiments led to the following 
concept. Accent perception in a tone sequence is de- 
termined by the acoustical properties of the tone se- 
quence and the anticipation of the observer. Acoustical 
factors will exert their influence mostly within a short 
time span, allowing for a description in terms of a 
"window" sliding along the tone sequence. The frequen- 
cy pattern within the window is a determinant of melo- 
dic accent. It appears that in principle every change 
of frequency level between two successive tones can be 
interpreted as accentuation of the tone that ends the 
change. Successive frequency changes interact; differ- 
ences in magnitude and direction determine their rela- 
tive strengths of accentuation. It is useful to make a 
distinction between effects of melodic contour and ef- 

fects of relative magnitude of frequency intervals. As 
far as the melodic contour is concerned, it can be 

stated that the first of two opposite frequency changes 
gives the stronger accentuation whereas two changes 
in the same direction are equally effective. in the 
case of clearly diverging relative magnitudes the larger 
change is the more powerful. Frequency rises have a 
somewhat stronger effect than frequency falls. Assum- 
ing the span of the window to be three tones, accent 
perception in motifs consisting of four tones could be 
described fairly well, although the difference in results 
for some mutually inverse motifs could not be accoun- 
ted for completely. 

For sinusoidal tones there is a straightforward rela- 
tionship between frequency level and perceived pitch 
and it seems reasonable to assume that the findings 
apply to pitch changes in general. It is surprising then, 
that the accentuating role of frequency level changes in 
music has not been determined before, although it is 
well known that such changes are powerful cues to the 
perception of accent in speech. It was found, for in- 
stance, that a rapid rise early or halfway in the vowel 
or a combination of the early rise and a rapid fall in 
the middle of the vowel largely determine accent per- 
ception in Dutch. •5'•6 

This shows that the timing of movement of fre- 
quency level with respect to vowel onset and end is par- 
ticularly important, as is its position in the overall 
contour. •7 There seems to be no a pt/or/ reason why 
frequency level changes should be less effective in 
music than they are in speech. 

It is obvious, for instance, that melodic accents 
play an important role in the psalmody of Gregorian 
chant. The main part of a psalm verse is recited in a 
reciting tone or tenor, each half-verse beifig concluded 
by a melodic formula, called cadence [example Fig. 
7(a)]. This cadence is built on the last or the two last 
word accents of the half-verse. Although there is some 
discussion about the character of the cadences, •8 in the 
psalmody as it can be found in the Solesroes edition of 
the Antiphonale there should be a correspondence be- 
tween word accents and melodic accents. Indeed, when 
the window model is applied on the melodic contours of 
the psalmody the predicted melodic accents coincide 
with word accents in the majority of cases. Of course 
it is no surprise that the model can be applied success- 
fully on the one part melodies of psalmody. The experi- 
mental data on which the model is based are obtained 

with stimuli resembling a tenor followed by a cadence 
and the declamatory rhythm of psalmody often departs 
not too much from the isochrony used in the experi- 
ments. 

This does not mean, however, that the results only 
apply to melodic accentuation in the absence of other 
modes of accentuation. Usually, melodic accentuation 
is not recognized because of its different functional 
nature. The existence of a meter is often supported 
mainly by dynamic, temporal, and harmonic accentua- 
tion. Although there are numerous examples in which 
melodic accentuation (co)determines the meter [ex- 
ample in Fig. 7(b)], there are at least as many cases in 
which melodih accentuation is set off from the meter 

making for "interesting rhythm" and "tension" [example 
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FIG. 7. Examples of occurrence of melodic accent. Melodic 
accents are indicated by the letter V. (a) Median and final 
cadence in Gregorian psalmody (fifth church tone). Coinci- 
dence of word accents and melodic accents. (b) Praeludium 
XV, BWV 860 of J. S. Bach's 'Das Wohltemperierte Klavier.' 
Metric structure codetermined by melodic accents. (c) 
Valse, Op. 64 Nr. 1 of F. Chopin. Melodic accents set off 
from the meter. 

in Fig. 7(c)]. In those cases the melodic accentuations 
are not consciously perceived as such, in contrast with 
temporal accentuations which are usually associated 
with metric accents and are therefore denoted as "syn- 
copes" when disturbing metric regularity. With this 
functional difference in mind, it is possible to develop 
an eye and ear for melodic accentuations whenever they 
occur, and to recognize the applicability of findings on 
melodic accentuation to music in general. 
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