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B. MUSICIANS' AND NONMUSICIANS' SENSITIVI- 
TY TO DIFFERENCES IN MUSIC PER- 
FORMANCE 

Johan Sundberg, Anders Friberg & Lars Frydkn* 

Abstract 

A set of ordered context-dependent rules for the automatic transforma- 
tion of a music score to the corresponding musical performance has been 
developed, using an analysis-by-synthesis method [Sundberg, J. (1987): 
"Computer synthesis of music performance," pp. 52-69 in (J. Sloboda, ed.) 
Generative Processes in Music, Clarendon, Oxford]. The rules are imple- 
mented in the LeLisp language on a Macintosh microcomputer that controls 
a synthesizer via a MIDI interface. The rules manipulate sound level, fun- 
damental frequency, vibrato extent, and duration of the tones. The present 
experiment was carried out in order to find out if the sensitivity of these ef- 
fects differed between musicians and nonrnusicians. Pairs of performances 
of the same examples were presented in different series, one for each rule. 
Between the pairs in a series, the performance differences were varied 
within wide limits and, in the first pair in each series, the difference was 
p a t ,  so as to catch the subject's attention. Subjects were asked to decide 
whether the two performances were identical. The results showed that musi- 
cians had a clearly greater sensitivity. The pedagogical implications of this 
finding will be discussed. 

Introduction 

When performing music, musicians do not accurately replicate the nominal descrip- 
tion offered by the music score. Presumably for the purpose of musical expression, they 
make a number of deviations in terms of amplitude, frequency, and duration. 

We have analyzed these expressive variations in music using an analysis-by-synthe- 
sis approach (see, e.g., Sundberg, Askenfelt, & FrydCn, 1983; Sundberg, 1988). The 
input is the music score and the output is a performance of this score generated on a 
synthesizer controlled over MIDI by a Macintosh 11 microcomputer. 

The control program contains a set of ordered, context dependent rules reflecting 
comments and recommendations that co-author Lars Frydkn has made when listening to 
computer generated performances. The rules affect duration. amplitude. fine tuning, and 
vibrato depth of the tones. They have been tested by carefill listening, by formal listen- 
ing panels (Thompson, Friberg, FrydCn, & Sundberg, 1986; Friberg, FryclCn, Botlin, & 
Sundberg, 1987) and, in some cases, also by comparison between rule generated and 
actual performances. 

An interesting aspect of the performance rules is the magnitude of the effects in- 
duced. We will call this the rule quantity. The purpose of the present investigation was 
to find out what rule quantity is needed for various rules in order to evoke a perceptible 
effect in trained and untrained listeners. 



Rules 
Out of a total of about 15 rules, seven were selected for this test: 

1. Marking melodic charge is a rule that adds duration, sound level, and vibrato 
depth to tones depending on how remarkable they are in the harmonic context. 
Melodic charge is a quantitative estimate of the remarkableness. It is derived from 
the circle of fifths, and it shows a relationship with the listeners' expectancies, ac- 
cording to experiments carried out by Krumhansl and collaborators (Krurnhansl, 
1987). 

2. The shorter, the softer deemphasizes short notes by reducing their sound level. 

3. The shorter, the shorter increases the contrast between durational categories by 
shortening short notes. 

4. The higher, the higher stretches the tuning. 

5. Articulation of leaps lengthens the target note and shortens the start note in a sin- 
gular leaps. 

6.  Harmony-dependent crescendos and decrescendos are achieved by means of the 
harmonic charge, a quantitative estimate of the remarkableness of a chord given 
its harmonic context. It is derived from the chord notes' melodic charges and 
shows a relationship with listeners' expectancies, according to experiments car- 
ried out by Krurnhansl and collaborators. The sound level is increased when re- 
markable chords are approaching and vice versa. The sound level increments thus 
distributed are complemented by increments in duration and vibrato extent. 

7. Marking of structure lengthens the last note of phases and insert. a micropause 
after the last note in subphrases. 

Experiment 

The basic idea was to ask subjects to listen for differences in two more or less dif- 
fering performances of the same music example. These examples were chosen so as to 
clearly demonstrate the effect of the rule. The performances were presented in pairs in 
which the first version was generated by applying one of the performance rules in a 
quantity, that varied between the pairs, while the second version was always a dead-pan 
standard. The performance differences between the pairs were varied in steps from huge 
to zero. 

Each rule was tested in a series of nine such pairs, presented in succession, and two 
of these were duplicates. In each series, the first pair presented a highly exaggerated 
rule quantity so as to direct the subjects' attention to what to listen for. Also, prior to the 
presentation of a new series, the experimenter instructed the subjects what they shoultl 
be listening for. The other quantities occurred in quasi random order in the series. 

The entire test took about 45 min. The examples were generated on a Macintosh Plus 
microcomputer in which the rules had been implemented in LeLisp language. The com- 
puter played a YAMAHA F B O l  synthesizer using a flute like sound. 

The subjects were ten professional top level music students from the Edsberg Music 
Conservatory in Stockholm, and twelve nonrnusician participants of a voice seminar. 
All subjects in each group listened simultaneously to the stimuli over loudspeakers at a 
comfortable listening level in a lecturing room. They gave their answers on anonymous 
sheets. 



Results 
Table I presents the responses given for the zero difference pairs. The result shows 

clearly that many subjects thought that they could hear a difference in the performance 
even though the performances were actually identical. In the case of the musicians, this 
result would reflect a somewhat exaggerated eagerness to detect even the finest differ- 
ences, thus exhibiting an excellent musical ear. In the case of the nonrnusicians, the re- 
sult would rather indicate a tendency to guessing, as we will see below. 

Rule musicians nonmusicians 

Marking of melodic charge 20 92 

Marking of harmonic charge 70 92 

Increased duration contrasts 60 50 

Marking of phrase and subphrase 80 92 

Stretched tuning 

Leap articulation 

Short notes softer 80 83 

Table I. Percentage of "Samen-answers received fiom musicians and nonmusicians 
in the no rule case, i.e., when there was no difference between the two per- 
formances. 

Fig. 1 shows the responses for the various rules. Each rule is represented as one 
panel. The percentage of "same" responses is plotted on the ordinate, and the rule quan- 
tity on the abscissa. The quantities have been normalized such that 1 represents the 
quantity to which the rule is normally set in our performance rule system. 

Some duplicate stimuli were included in the test at quantities near 1. With one ex- 
ception, the musicians responded similarly to both these stimuli. Probably, the excep- 
tion was due to some effect of the order of stimulus presentation. 

By and large, the musicians' scores show the expected general pattern. With few ex- 
ceptions, the percentage of "same" votes decreases gradually as the quantity increases. 

A good percentage of the musicians reported that they heard differences even for the 
smallest rule quantity. This does not imply that the smallest quantity was still too great 
to be inaudible, as these subjects reported hearing differences even between identical 
performances. All curves reach zero percentage of "same" responses when the quantity 
was large, not only for the largest quantity which was always presented first in the se- 
ries, but also for the nearest smaller quantities in most cases. 

These observations suggest that the responses represent reliable infomlation. at least 
regarding the cases of great performance differences. 

The quantity of 1 is the value that we have found appropriate in our performance rule 
system, as mentioned. In most cases, this quantity is near the smallest one that still pro- 
duces a perceptible effect for most subjects. 

The results obtained from the nonmusicians are quite different. For the rules shown 
in the upper series of panels, the nonmusicians' responses are higher but roughly paral- 
lel to those of the musicians. This suggests that the naive listeners could notice the ef- 
fects of these rules only when presented at a greater quantity. 



For the three rules in the lower series of panels, the overall descent of the nonmusi- 
cians' curves is less obvious, the responses remaining in the vicinity of 50% at nearly 
all quantities. Thus, many subjects failed to notice even the largest effects, so that, ap- 
parently, they were merely guessing throughout the series. This suggests that musicians 
hear aspects of music performance that remain unnoticed by many nonmusicians. 

Discussion and conclusions 

These results indicate that musicians are more skilled in noticing the performance 
differences induced by our rules. This suggests that music listening has a training effect 
in this regard. If the musicians had not shown a greater skill in this regard, one in- 
evitably would have questioned the musical relevance of the effects. The result there- 
fore supports the idea that the rules generate effects that are relevant to music listening. 
Moreover, it suggests the possibility that this computer program can be successfully 
used for training musical listening. 

Seemingly the findings suggest that musicians should exaggerate musical expression 
when playing for nonmusicians. A more convincing interpretation is that the nonrnusi- 
cian is likely to detect more and more meaningful details in a good performance each 
time he listens to a recording of it. 
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function of the physical difference between the two performances compared. The quantity has been normalized with respect to 
the quantity normally used in the pe@ormance. For more details, see text. 


