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B. SPEECH AND MUSIC PERFORMANCE. Parallels and contrasts
Rolf Carlson, Anders Fribera, Lars Frydén, Bjérn Granstrdm, and Johan
Sundberyg

Bbstract

Speech and music performance are two important systems for inter-
human communication by means of acoustic signals. These signals must be
adapted to the human perceptive and cognitive systems. Hence, a compa-
rative analysis of speech and music performance is likely to shed light
on these systems, particularly regarding basic requirements for acoustic
communication. Two computer programs are compared, one for text-to-
speech conversion and one for note-to-tone conversion. Similarities are
found in the need for placing emphasis on unexpected elements, for
increasing the dissimilarities between different categories, and for
flagging structural constituents. Similarities are also found in the
code chosen for conveying this information, e.g., emphasis by lengthen-
ing and constituent marking by final lengthening.

Introduction

Much has been written and spoken about parallels between language
and music regarding the structural aspects (Winograd, 1963: Sundoerg &
Lindblom, 1976; Bernstein, 1976; Lerdahl & Jackendoff, 1983). Striking
similarities are generally found, such as a hierarchic structure with
several levels, This hierarchical structure reflects the relations be-
tween different parts of the message. These relations have basic simple
forms. With the help of variations and vieclatiens of this form, a
speaker can focus on various important aspects of the message. The
communicative success of these transformations is dependent on the
listener’s knowledge of the basic form and the speaker’s presupposition
about the listener’s knowledge. In speech and music research, the rela-
tion between the speaker/performer and the listener at all structural
levels is or should be of prime interest. In the present article we will
concentrate on some interesting similarities and contrasts between lan-
guage and music that seem to exist at the surface level.

Both language and music are realized in terms of acoustic signals.
Linguistics has introduced the terms speech for the acoustic realization
of language. In music science, no corresponding distinction has been
established. In this article we will use the term music performance for
the acoustic realization of music. Thus, while the term language is
equivalent to music, the term speech is equivalent to music performance.

One major problem in speech research is that many different proso-
dic factors are mixed together as one single acoustic parameter. For
instance, segmental inherent pitch, word tone, sentence type, lexical
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stress, emphasis etc. can all be signaled by one single parameter, such
as the voice fundamental frequency. In the same way, the duration of
speech sounds is affected by a variety of conditions including stress,
position in the utterance, and local phonetic context. An extensive
review of the factors that have been found to influence the duration of
speech sounds can be found in a paper by Klatt (1976) and in special
issues of Phonetica (1981; 1986). All of this is taken into account by
the listener in the perceptual decoding process.

The same applies to music. There are many different reasons to
lengthen or shorten a note beyond its nominal duration as specified in
the score. Apparently, such perturbations of the nominal duration serve
different purposes, e.g., emphasis, marking of phrase endings, and
sharpening the contrast between categories. This results in rather
complicated interactions making it hard to use conventional analytic
methods. As a consequence, analysis-by-synthesis is a powerful tool in
both speech research and music performance research.

In recent years, the use of computers has led to great advances in
both speech and music sciences. With the help of fast analysis tools,
new knowledge has been gained and new models simulated. It is now
possible to study the acoustic behavior of articulatory models or to
compare duration models to natural recorded speech in data banks.

Speech recognition systems have attracted a lot of research money
and some of it has been fruitfully invested in basic speech research.
Text-to-speech programs have been productive in increasing the under-
standing of the speech communication process. With the help of models
formulated as transformation rules, we have been able to test our
current knowledge and to reject or accept ideas.

Similarly, our work with developing computer generated music per-
formances, by means of note~to-tone programs, has been revealing as to
basic aspects of music communication. In this article, we will analyze
some similarities that we have observed in our parallel working with
text-to-speech and note-to-tone programs.

Text-to-speech and Note-to-tone Programs

We have earlier reported on the long-term effort to develop high
quality text-to-speech systems for several languages (Carlson & Gran-
strém, 1975a; 1986; Carlson, Granstrdm, & Hunnicutt, 1982). The ap-
proach taken has been to formulate the process in a coherent framework.
One criterion was that linguists involved in creating, refining, and
maintaining the text-to-speech software should be able to work with
constructs and conventions familiar to them without necessarily master-
ing conventional computer projramming. Consequently, distinctive fea-
tures and phonemes are primes in our system. Also, the rule notation
borrows heavily on that used in generative phonology, although it is
expanded to easily handle continuous variables such as synthesizer
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parameters. This makes it possible to formulate pronunciation rules for
coarticulation and utterance final lengthening in the same frame work as
the rules used for translating spelled text to phonetic transcription.
Znother important goal was to streamline the transfer to a real-time
system, which has the dual advantage of speeding up the testing of rules
and of facilitating practical use in different applicatiens.

Our current text-to-speech system consists of a structure of rule
components and various lexica. The lexica have two important functions.
The most important is to separate function words from content words.
The function words, e.j., articles, prepositions, and proncouns, are
mainly used to build up the grammatical structure of a language. Each
language has a limited number of such words. These words are normally
unstressed and often violates the pronunciation rules in a language.
Content words follows pronunciation rules to a greater extent and are
more predictable the more unusual they are. The rules are written in the
same formalism throughout the system and, in order to refer to differ-
ent-level units, we attach appropriate features to our single stock of
symbols. In this way, everything from syntactic analysis to detailed
sub-phonemic manipulations is handled in a coherent way.

The note-to-tone program is basically the same as the phonetic part
of the text-to-speech program and was reformulated for musical purposes
by coauthors RC and BG (Sundberg, 1978; Sundberg, Askenfelt, & Frydén,
1983). The modification regards the input format, being a transforma-
tion of the musical score, which can be executed automatically. Each
note is defined as a sound possessing a pitch name (e.g., F sharp), an
octave number, and a duration, and each voice of a score is stored,
represented in this way, as a separate input file. Apart from this,
information is also added regarding the chords and phrase and sub-phrase
boundaries.

The musical equivalents of the pronunciation rules in the text-to-
speech program are the performance rules. These have been gradually
developed over a long period of time. In this process, a professional
music teacher and musician, Lars Frydén, has played a decisive role: he
has "instructed" the computer on what to change in the performance in
order to improve it musically, and these instructions have been organ-
ized into a set of ordered, context-dependent rules, most of which have
been tested in experiments with panels of expert listeners (Thompson,
Friberg, Frydén, & Sundbery, 1986).

In summary, parallel experiences have accumulated from working with
speech synthesis (coauthors RC and BG) and music performance synthesis
{coauthors AF and J3S) using similar tools. Therefore, it seemed an
interesting task to compare these experiences and to discuss the impli-
cations of similarities and dissimilarities.

an important difference in focus should be mentioned at this point.
In the case of speech, the instrument producing the acoustic signal
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consists of the human voice crgan. This is an exceedingly flexible
instrument producing a highly variable acoustic =ignal. As a seqguel,
synthesizing the output is a complicated task, and intelligibility
rather than beauty has been the primary concern in this synthesis work.

Another difference between a normal text and music is also of
general interest. It is relatively easy to generate the phonetic tran-
scription from the spelled text. In this transcription, only the seg-
mental gquality is marked. On the other hand, it is a major task to make
some Kind of syntactic and semantic interpretation of the text. Such
information is in most cases needed in order to generate really convinc-
ing speech performance. In present text-to-speech systems, this problem
is normally approached simply by identifying function words and perhaps
accessing parts-of-speech information in a lexicon.

Mormally spelled text or phonetic transcription lack markings of
phrases, emphasis, and most other indicators of higher level relations,
This has led current text-to-speech systems to concentrate on lower
levels and primitive syntax analysis. Much less has been studied to
formulate the acoustic correlates of larger syntactic structures. Even
discourse structure is, however, known to affect, e.g., the acoustically
realized duration and intonation (Lehiste, 1975).

The problems presenting themselves in attempts to synthesize music
performance are, in part, different. By contrast to the vocal tract,
most music instruments are built of rigid parts of woed or metal. This
leads to an acoustically much more stable, less flexible signal, so that
synthesizing the sheer instrument signals per se is by no means as
complicated a task as in the case of the human voice. Therefore, in
music per formance synthesis, the main concern has been the expressive
deviations by means of which the performer announces his musical inter-
pretation of the piece. Fortunately to the musician, the music also
contains more information about the composers’ intentions at a higher
level. This difference between speech and music performance synthesis
work limits the possibilities to make exhaustive comparisons.

The human voice 1s undoubtedly a music instrument when used for
singing. Parallels between speech and singing are too obvious to be
interesting and will mostly be disregarded in this paper.

Basic Contrasts

Representation levels

Both speech and music can be represented by means of graphical
signs, viz., the orthography and the music score. However, in the case
of speech, the phonetic transcription exists as an intermediate level of
representation between orthography and speech. The relation between the
orthography and the phonetic representation varies between languages; in
some languages such as Finnish or Spanish, the relation is very
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straightforward making the intermediate level almost unnecessary. In
other languages, like English, the relation is quite complicated and not
entirely according to a set of conventions/rules. In this case, the
speaker or synthesis program needs to rely on lexical information.

In a sense, an equivalent intermediate level of description exists
also in music, viz., when the player or the composer complements the
score by a great number of additional signs, such as dots, dashes,
wedges, slurs, etc. This type of score has not formally been distin-
guished from the orthographic representation as clearly as in the case
of speech. Also, this intermediate level seems more needed in speech.
This can be concluded from the fact that speech produced by the concate-
nation of sounds directly corresponding to the letters not only sounds
extremely unnatural, but is also even practically impossible to under-
stand; music produced from a nominal realization of the note signs, on
the other hand, is still recognizable, even though very boring to listen
to.

Quantization

Although both music and language can be represented by graphical
signs that in some way can be regarded as symbols for the corresponding
acoustic signals, the relationship between this graphical representation
and the sound signals differs in one important respect.

In the music score, pitch and duration are represented by symbols
according to a system of guantized categories. For instance, a fourth
note is nominally twice as long as an eighth note, and a C is almost 6%
lower in fundamental frequency than a C sharp.

In orthography, on the other hand, neither pitch, nor duration are
specified. In most languages it is rather the time derivative of pitch
that is predictable from the orthography, such as in cases of question,
guotation, accent, etc., or from the linguistic content, such as in
cases of focus. In the so-called tone languages, pitch is predictable
within non-quantized categories, such as high, middle, low, rising, and
falling. Duration can sometimes be predicted qualitatively from ortho-
graphy, such as "long" and "short" vowels and consonants. However,
prediction of phonetic transcription sometimes fails so that a lexicon
is needed in order to arrive at correct word pronunciation.

Parallels

Role of the author/composer

The fact that we can formulate rule systems that gjenerate intelli-
gible speech and music performance of a decent musical quality apparent-
ly means that the acoustic realization is implied in the orthography and
the music score. This suggests that the author limits the number of
possible acoustic realizations of his text in a similar way as the
composer limits the possible acoustic realizations of his score. This is




STL-QPSR 4/1987 - 12 -

probably an essential requirement on a useful symbol system, such as the
orthography and the music score. This similarity indicates that, in this
regard, similar processes underlie speech and music performance. How-
ever, the final acoustic realization is not of the same prime concern
for authors as for composers. This is also why writing systems can have
a more vague relation to the acoustic realization.

Stress and emphasis

An important premise of the comparisons carried out in the present
article is the difference between emphasis and stress in speech. While
emphasis is content-dependent, the distinction between stressed and
unstressed is a word level phenomenon. This means that emphasis and
stress exist at different levels in speech, stress being at a lower
level. It seems that an equivalent distinction can be made in music, in
that stress is a property that is dependent on the position in the bar,
while emphasis is rather dependent on higher level aspects of the music-
al structure.

Communicative purposes
A: Predictability and emphasis

In both speech and music, most acoustic events are more or less
predictable. For instance, we are very skilled in filling gaps in the
acoustic information occurring because of interference with noise. Even
if a door is banging in the middle of somebody’s speech, we can mostly
hear what the person is saying. It is often even hard to tell which
speech sound that was masked by the noise. Some classical perceptual
studies have shown that the perceived location in time of a disturbing

sound is judged to be a place in the conversation where it makes as
little harm as possible, i.e., close to a syntactic break.

However, the meaning of an utterance does not always survive a door
bang. 1In some places, the sentence is vulnerable and if information is
lost in such places, the meaning of the sentence could not be restored.
From this, we can conclude that predictability varies along a spoken
utterance, and where predictability is high, the information flow is
low, and vice versa.

A similar reasoning seems applicable to music. Mostly we can com-
plement a melodic line correctly, even if one note is missing. For
instance, deleting a passing-note would be completely harmless. On the
other hand, there are also more important notes in a melody. In the
second theme from the first movement of Schubert’s B minor Symphony, D
759, there is a modulation from D major to B major, see Fig. 1. The
modulation is announced by a D sharp. If this note is cut out, the
harmonic interpretation of the following notes will be affected. Thus,
this D sharp seems to be an indispensable note for the melody. It seems
obvious that such important notes are in a sense indispensable and have
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a low predictability, and it can be assumed that predictability is
dependent on the inverse of the information rate.

CHORD. 'O ' 7 0 *9

= %%Hﬁﬁf?ﬁﬁgbtﬁ%ﬁw SRR

Fig. 1. Second theme from first movement of Schubert's Symphony in B
minor, D 759. The top line of numbers symbolize the harmonics
in terms of the distance, in semitones, between the root of the
chord and the root of the tonic.

The parallel occurrence of a time~varying predictability in both
speech and music is by no means trivial. Its existence in both
suggests that, possibly, it represents a way of meeting an essential
limitation of the perceptive system. For instance, this system may be
incapable of processing signals having an invariably high information
rate.

Predictability of words has been studied by several authors. In a
now classical study by Lieberman (1963), the relationship between con-
text redundancy and keyword intelligibility was studied. It was shown
that predictability had a strong effect on how clear a word was pro-
nounced. This experiment was later repeated by Hunnicutt (1985, 1987a).
In a text-to-speech system, Coker, Umeda, & Browman (1973) included
factors as word frequency and repetition of earlier mentioned words.
These parameters added to the naturalness of the speech quality. Simi-
lar ideas about predictability are included in modern communication aids
for the handicapped. 1t can be shown that a prediction program working
only on the surface structure can predict at least 50% of the typed
letter in a running text (Hunnicutt, 1987b).

Predictability in speech is present at many different levels such
as phoneme sequence, choice of word endings, and even syntactic
constructs. At a structural level, we know that certain phrase or word
combinations are very probable. It is even likely that certain word
sequences are lexicalized just like certain single words, and that we
perceive these phrases as single units.

The varying predictability in a sentence is significant to its
acoustical realization, i.e., to speech. 1In order to make speech easy
to understand and natural sounding, it is necessary to emphasize import-
ant, or less predictable, words and to deemphasize unimportant, pre-
dictable elements.

The varying predictability is significant also to the quality of
music performance. In our rule system for music performance, we have
introduced the notion of melodic charge in order to take into account
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the need for emphasizing certain notes and deemphasizing others. Melod-
ic charge is defined with the aid of the circle of fifths, where the
root of the prevailing chord has zero melodic charge, as illustrated in
Fig. 2. It is correlated with listeners” concepts of what is a good
continuation of a scale, according to probe tone rating experiments
carried out by Krumhansl & Kessler, 1982). Also, according to Knopoff &
Hutchinson (1983), it is positively correlated with the occurrence of
the various scale tones in Schubert songs, so that, in some sense, it
would reflect the negation of predictability, or remarkableness of the
notes in a melody.
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Fig. 2. Definition of meiodic charge by means of the cirele of fifths.

The fact that the negation of predictability is marked by emphasis
in both speech and music performance seems to sujgest that adjusting the
performance to the predictability is an important property of communica-
tion by acoustic signals.
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B: Category separation

Some rules in the music performance program seem to serve the
purpose of increasing the contrast between different categories. For
example, minor seconds are played narrower than nominally, and major
seconds are played wider. Also, short notes are shortened and long
notes are lengthened. Finally, inegalles emphasizes the differences
between stressed and unstressed positions in the bar by transferring
duration from the unstressed to the stressed.

In speech, pitch and duration are specified in non-quantized cate-
gories, as mentioned. Therefore, contrast sharpening is more difficult
to discern in speech than in music performance. Still, it is evident
that contrasts exist also in speech. For example, there are long and
short vowels, and the contrast between these categories is increased by
the formant frequency differences. Thus, a short Swedish /a/ has higher
first and second formants than a long /a/. Word emphasis constitutes
another example. In a study by Erikson and Rapp (Carlson, Erikson,
Granstrém, Lindblom, & Rapps 1975), where emphasis was placed on differ-
ent words in the same sentence, it could be seen that the syllables
neighboring the emphasized word were pronounced with shorter durations
and lesser fundamental frequency movements, while the duration of the
emphasized word was increased and its fundamental frequency was guickly
changing, see Figs. 3 and 4. Finally, a classic observation from Enj-
lish is the marked difference between the length of a vowel before
voiced and voiceless consonants. Phonetic contrasts are also exag-
gerated when there is a contextual need to distinguish two similar
words, like Emigrant/Immigrant.

C: Constituent marking

Both speech and music have a hierarchical structure, as mentioned,
and one of the more obvious parallels is that phrases and other consti-
tuents in the hierarchical structure are marked in both. Moreover, in
both the structure is evident from the graphic representation, at least
for a human observer who is familiar with the language or the type of
music.

In the orthography, various signs such as period, commas, semi-
colon, and space are used to mark the structure but also less expl icit
structural indicators are used, such as word order and special words
like conjunctions. In speech, these constituents are marked in many
different ways, primarily by durational modifications, veice source
changes, and pausing. According to Klatt (1376) constituent marking as
evidenced from segmental duration can be observed at different levels,
e.3., even at the word level.

In music, phrase endings are warked in a number of different ways;
in nursery tunes, phrase and sub-phrase endings were marked by long
notes, certain harmonic, and melodic stereotypes (Lindblom & Sundber3,
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1970). In the music performance program, phrase and sub-phrase endings
are marked in the input notation. Then, the final note of these two
constituents are marked in the performance. This marking seems to be an
essential requirement on a music performance (Thompson & al., 1986).
Measurements on music performance support the same assumption and also
that constituent marking takes place at different levels in the hier-
archy (Todd, 1985).

Phrase marking is an instance of the general principle of marking
constituents in a structure. This principle is often referred to as
grouping which seems essential in any type of communication. It seems
that constituents at many different levels are marked. For instance,
word boundaries are marked not only in speech, as mentioned above, but
also in orthography with a space. Also, in understanding speech of a
foreign language, a major step is to detect the boundaries between
words.

The fact that constituent marking appears not only in speech and
music performance but also in the orthography and the music score
swgests that the marking of constituent is a paramount demand in many
kinds of inter—~human communication.

Choice of acoustic code

As both speech and music performance use acoustic signals for
communication, it is interesting to compare the codes used. If speech
and music performance use similar codes, the understanding of music
requires a competence which partly is the same as that required for
understanding speech. Thus, comparing the codes will shed some light on
the basic requirements for understanding music.

Emphasis

As mentioned earlier, the main correlates for emphasis in speech is
relatively greater pitch changes, increased durations and, to some
extent, greater vocal effort, as was illustrated in Figs. 3 and 4. By
and large, as pitch and duration in music are decided upon by the
composer, much less leeway is left to the performer than to a speaker.
However, while our sensitivity to differences in the duration of notes
presented in isolation is modest, the sensitivity to minute perturba-
tions of the duration of a note appearing in a sequence of notes of
similar duration is as small as 10 msec (van Noorden, 1975). Thus, by
arranging sequences of notes of similar duration, the composer seems to
offer the player the possibility to communicate emphasis in terms of
lengthening and shortening of notes.

Similar observations have been made with regard to speech. The
lower boundary for perceiving durational differences has been found to
be of the order of 10 msec (Huggins, 1972; Klatt & Cooper, 1975). The
just noticeable difference has been shown to vary with the type of sound
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and its phonetic context (Fujisaki, Nakamura, & Imoto, 1975; Carlson &
Granstrom 1975b).

Musicians seem to take advantage of this opportunity. As was men-
tioned above, melodic charge is a property of a note that reflects the
remarkableness of the note. Similarly, the harmonic charge seems to
reflect the remarkableness of a chord. Remarkableness seems to call for
emphasis in the performance.

According to the performance rules, a high melodic charge is marked
by increases in sound level, vibrato extent, and duration. The method is
straightforward; the increment of sound level, vibrato extent, and
duration is calculated as a constant times the melodic charge of the
individual note. The result is that notes with a high melodic charge
sound emphasized. Similarly, increases in harmonic charge generate cre-
scendos, and the associated increments in sound level are used for
calculating the increases in duration and vibrato extent. According to
formal listening experiments with musically trained subjects, the music-
al quality of a performance is raised if melodic charge is marked in
this way (Thompson & al., 1986).

These examples seem to indicate that emphasis is signaled by adding
duration resulting in a slowing of the tempo. The similarity with speech
is obvious. Also, this slowing down of the tempo seems perceptually
adequate; the listener is given more time to process the unexpected
information.

Melodic charge and increases in harmonic charge are also reflected
in the vibrato extent, as mentioned. Here, the parallel with speech is
less obvious, but the following speculation is tempting. The perceptive
system seems very sensitive to changes, eq., in pitch, and one emphasis
marker in speech is pitch change. Vibrato actually increases the rate
of change of fundamental freguency, though without changing the mean
perceived pitch. In this, perspective vibrato could be seen as an ele-
gant way of exploiting pitch change for expressive purposes without
changing the melodic patterns.

Constituent marking

In speech as in music performance, it is necessary to mark
structural constituents at different levels. In speech, the most appar-
ent example is the phrase and clause ending which is signaled by a
lengthening of the last syllable or syllables. This way of announcing
the ending of a constituent is common to most languages (Lindblom,
1979). Actually, final lengthening is so important for both Swedish and
English that speech synthesized without such a rule is perceived as
accelerating at the end of each clause.

In speech, constituents of many sizes, from paragraphs to words,
are marked, not only with duration but also with other parameters like
intonation and vocal source settings. Also, micro-pauses are introduced




STL~QPSR 4/°1987 - 19-

at major syntactic breaks even if there is no need for breathing, edgq.,
after words followed by a period, a comma, or a semicolon. Durational
data on these effects have been reported for several languages and are
also formulated into coherent rule systems.

Prosodic models have an obvious importance in the general descrip-
tion of languages and find application in text-to-speech systems. Sev-
eral of these models have been tested by Carlson, Granstrom, & Klatt
(1979), and the more elaborate models give advantages both in natural-
ness and intelligibility.

One durational description of Swedish is historically based on a
tree structure of a sentence with phrase boundaries and syllables on
separate branches. Support for this model was found in reiterant speech
(Lindblom & Rapp, 1973:; Carlson & Granstrdm, 1973). The model had a
cyclic final lengthening rule that increased the effect, the higher
perceptual importance a boundary had. A similar model has been found
extremely productive in describing timing data from piano music perform-
ance (Todd, 1983).

Another type of prosodic model for speech is based on a general
structure proposed by Klatt (1979). The rules have as input the inherent
duration, which is the typical duration of the phoneme in a word-initial
position before a stressed vowel. The second parameter is the minimal
duration, which is a measure of the phoneme’s compressibility. Finally,
a correction factor is used to calculate the duration. This factor is
set depending on local and global parameters. This model has proven to
be a good model to describe duration effects in running speech. The
experiences from the music performance program reveal that a similar
model, including restrictions on compressibility, would be productive
also in music performance.

There seems to be a contradiction between these two models for
describing duration phenomena. The first model is probably more suited
for well prepared reading of text with a high amount of speech pre-
planning while the other is typical of less planned speech with rules of
a more local nature.

According to Todd (1985), the ending of a phrase is often played
with a small ritard while the beginning is played with a small
accelerando. It is well known that the last notes of a piece often are
played with a final ritard (Sundberg & Verrillo, 1980). In the music
performance program, the last note of a phrase is lengthened by 40 msec
and terminated by a micro-pause. A sub-phrase termination is marked by
a micro-pause only. In addition, there are a number of other rules that
shorten and lengthen notes depending on the context, and these rules
sometimes seem to serve the purpose of constituent marking. For in-
stance, in combination with the marker of phrase ending, they actually
sometimes generate small ritards at phrase endings.
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Why is the code for marking structural constituents similar in
speech and music performance? A tempting hypothesis is that the code in
music is imported from speech in this regard; as all music listeners
have acquired a competence in decoding speech, it would be safe to use
the same code in music performance. However, some languages, e.g.;
Danish, do not use final lengthening, and, yet, musicians from these
countries are obviously quite as competent musicians as their colleagues
from other countries. This shows that the code used in music perform-
ance may not be borrowed from speech, but might lean on other kinds of
common experience.

As far as the final ritard is concerned, there is a striking simi-
larity with the decreasing rate of footsteps in a stopping runner who
keeps the step length and the braking force constant throughout the
stopping process (Kronman & Sundberg, 1987). Under these conditions, the
slowing down of the footsteps follows the same curve as the average
ritard in motor music from the baroque era. Thus, the final lengthening
seems to allude to a well-known experience, namely that of stopping
locomotion. We may speculate that also the final lengthening in phrase
endings are faint allusions to locomotion. If so, the code would be very
robust in the sense that anybody acquainted with locomotion is likely to
know the code.

Outlook

We can discern two apparently very basic principles used in speech
and music performance. One is the emphasis which is called for by the
varying predictability. In speech, predictability would serve the
purpose of making the message robust. In music performance, on the other
hand, this may or may not be the purpose; while speech is often required
to function also in noisy environment, music is likely to be performed
in less disturbed situations. In any event, it seems likely that it is
the cognitive system that asks for varying degrees of emphasis. Perhaps,
this system cannot digest long series of equally unexpected elements in
communication.

Another common basic principle in speech and music performance is
constituent marking. The parts that constitute blocks in the structure
are marked in the acoustic realization, e.g., phrases and clauses in
speech and phrases and sub-phrases in music. This appears to reflect a
requirement of the cognitive system, and is often referred to as the
principle of grouping.

Why all these numerous parallels, what do they imply? The paral-
lels are not astonishing. Both speech and music are examples of formal-
ized inter-human communication by means of acoustic signals. Both must
be devised for the same perceptive and cognitive systems. The limita-

tions and capabilities of these systems must contribute importantly to
the development of both speech and music.
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