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MUSK: AND LOCOMOTION. A study of the perception of tones with level 
envelopes replicating force patterns of walking 

Iohan Sundberg, Anders Friberg, & Lars F y d i n  

Abstract 

Music listening ofien produces associations to locomotion. This suggests that some 
patterns in music are similar to those perceived during locomotion. The present 
investigation tests the hypothesis that the sound level envelope of tones allude to 
force patterns associated with walking and dancing. Six examples of such force 
patterns were recorded using a force platform, and the vertical components were 
translated from kg to dB and used as  level envelopes for tones. Sequences of four 
copies of each of these tones were presented with four different fixed inter-onset 
times. Music students were asked to characterize these sequences in three tests. In 
one test, the subjects were free to use any expression, and the occurrence of motion 
words in the responses was examined. In another test, they were asked to describe, 
ifpossible, the motion characteristics of the sequences, and the number of blank re- 
sponses were studied. In the third test, they were asked to describe the sequences 
along 24 motion adjective scales, and the responses were submitted to a factor 
analysis. The results from the three tests showed a reasonable degree of coherence, 
suggesting that associations to locomotions are likely to occur under these condi- 
tions, particularly when (1) the inter-onset time is similar to the inter-step time 
typical of walking, and (2) when the inter-onset time agreed with that observed 
when the gait patterns were recorded. The latter observation suggests that the dif-  
ferent motion patterns thus translated to sound level envelopes also may convey 
information on the type of motion. 

INTRODUCTION 

It is well known that ideas of locomotion often appear as part of the experience of 
listening to music (see, e.g, Gabrielson 1973). In fact, many musical terms refer di- 
rectly to locomotion, e.g., andante (walking), corrente (running), slow or fast tempo, 
etc. This suggests that there are perceptually salient qualities in music which re- 
minds a listener of locomotion. This idea is a basic concept in a research project re- 
cently started at our department. It aims at elucidating the explanation why music 
tends to possess a motion quality. Thus, the question we ask is what, exactly, is it in 
the music that may cause a listener to think of locomotion? One hypothesis is that 
patterns produced during walking and running are replicated in music. 

This hypothesis was supported by results from an earlier investigation. Kronman 
& Sundberg (1987) postulated the function for the time intervals between the foot- 
steps in an ideal stopping of running. This function replicated very closely the mean 
tempo curve for a final ritard, as measured in a number of phonogram recordings of 
keyboard music from the Baroque era (Sundberg & Verrillo, 1980). This finding sug- 
gested that the final ritard serves an icon in that it conveys its message, i.e., the piece 

I will soon end, by alluding to the pattern we experience, when we stop running. We 
may say that it is our experience from locomotion which enables us to understand 
the code of this message. 

Probably, the final ritard is not the only example where a pattern, well known to 
us from our experience of locomotion, is replicated in music, thus adding a motion 
quality to it. For example, walking and running may be performed at different rates 
and in widely differing fashions, and reminiscences of the corresponding patterns 
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Fig. 2. The six gait patterns selected for the experiment. 

Because of their appearance they will henceforth be referred to Procession, Force- 
less, Twin Hump, Single Hump, Modem Dance, and Long Low Level. The untrained 
subject's Procession gait showed an extended curve containing a series of smooth 
humps. The Forceless gait was characterized by a twin-humped curve in which the 

Table I. Characteristics of the gait patterns used in the experiments. 

first hump, produced when the heel stroke against the floor,-was much greater than 

Subject body 
weight 

68 
95 
68 
68 
95 
68 

Peak vertical force 
amplitude (kg) 

76 
109 

71 
86 
95 
71 

Twin humps 
Forceless 
Procession 
Single hump 
Modem dance 
Dance low level 

Inter-onset time 
(ms) 
571 
600 
71 4 
800 

1080 
1154 

Step duration 
(ms) 
625 
740 
776 
880 

1400 
1300 
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some of the stimuli possessed any motional quality at all, and then to try to explore 
the kind of motion that the stimuli caused the subjects to think of. 

The tests were run in two consecutive days using three groups of students in the 
rhythm pedagogue class of the Stockholm Conservatory of Music. Ten subjects par- 
ticipated in Experiment 1, and eleven subjects participated in Experiments 2 and 3. 
No subject participated in more than one test. 

Experiment 1 
The first experiment aimed at finding out whether or not the stimuli would cause the 
subjects to think of motion. The test tape was played to the entire group over two 
loudspeakers in one session. In Experiment 1, the subjects were asked only to de- 
scribe, without any further specifications, the tone sequences in any terms that they 
found appropriate. 

As expected, the responses showed a very great variety ranging from temporally 
related terms such as "stumbling," "running," "bouncing" to terms hard to interpret 

,, ,, such as "hospital, " "hysterical, " "spare me, mosquito. " Few expressions referred 
to emotions. As the focus of this investigation was locomotion, we selected all the re- 
sponses that contained motion terms. The result is illustrated in Fig. 4 in terms of the 
number of responses containing words that were explicitly related to motion. Such 
expressions reached a maximum of 50% of the responses in some cases. This is rather 
frequent in view of the fact that the subjects were free to choose any terms they 
wanted. However, the occurrence varied depending on gait type and also on tempo, 
except for the Modem Dance pattern. It can be noted that the original tempo tended 
to give reasonably high numbers of responses containing motion words. Particularly 
interesting is the case of the Procession pattern, which appeared to possess much 
more motion quality when presented in the original tempo than in other tempos. 

The influence of tempo is highlighted in Fig. 5 (top figure) showing the total 
number of responses, with motion words in the entire experiment, plotted versus the 
mean tempo for each gait. This curve shows a peak near 650 ms. This result probably 
mirrors the fact that 600 ms seem to be a typical inter-step interval in walking 
(Fraisse 1982; Nilsson & Thorstensson, 1989). The result indicates that the tempo is a 
relevant factor. 

When the six footstep patterns were presented in their original tempo, a similar 
result emerged, as shown in Fig. 5 (bottom figure): the patterns produced with an 
inter-step interval near 600 ms received the greatest number of motion words. The 
figure also shows that motion words were most rarely evoked at the inter-step 
interval of 800 ms. 

Figure 6 shows the results for the standard tempo, i.e., with an inter-onset interval 
of 820 ms. Here, the number of motion word responses are plotted against the ratio 
between the original and the standard tempo, the unity thus corresponding to the 
case that the standard tempo was equal to the original tempo for that step pattern. 
The peak of the curve at the unity suggests that the greatest number of motion words 
were obtained, when the standard tempo happened to agree with the original tempo. 
This implies that there was an effect of the gait pattern. 
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TWIN HUMPS SINGLE HUMP 

400 600 800 1000 1200 1400 400 600 800 1000 1200 1400 

FORCELESS MODERN DANCE 

400 600 800 1000 1200 1400 

PROCESSION DANLOMOW 

Fig. 4. Number of responses containing motion words in experiment I .  

I SUM 6 19 I 
Table 11. Occurrence of blank responses in Experiment 2 for the various stimuli 
presented. Mean interval shows the average interonset interval for the different 
tempi of stimulus presentations, and the Mean refers to the average interonset 
interval for the respective gait pattern. 
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400 600 800 1000 1200 1400 

AVERAGE INTERTONE INTERVAL (rns) 

400 600 800 1000 1200 1400 

INTERTONE INTERVAL (ms) 

Fig. 5. Occurence of responses containin,p motion words recieved for the six gait patterns in experi- 
ment as afunction of the interfone interval avera,ped across the four different tempos (upper figure), 
when presented at their original tempos (thefiCyure below). 
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Fig. 6. Occurrence of 
responses containing 
motion words recieved 
for the six gait patterns 
in experiment 1 when 
presented at the stand- 
ard tempo, inter-tone 
interval = 820 ms. The 
abscissa represents the 
ratio between the ori- 

0.5 0.6 0.7 0.8 0.9 1 1.1 1.2 1.3 1.4 1.5 f lnaLandthes tandard  

ORIGINAUSTANDARD INTERTONE INTERVAL (ms) infer-tone interval. 



Experiment 2 

A question asked in Experiment 2 was whether or not certain stimuli were void of 
a motional quality. The subjects' task was to describe the motional quality of the 
stimuli: if they found this impossible or could not think of any adequate terms. They 
were free to leave a blank answer. The same tape and the same procedure were used 
as in Experiment 1. 

The subjects used a widely varying terminology for describing the motion quality 
the they perceived of the stimuli. Words associated with jumping were rather 
frequent as were swaying, shuffling, rocking, walking, and many more. Some 
subjects answered with rhythm formulas such as tiida tiida or tidaa tidaa. There was 
often a reasonable accordance between the expressions used the first and second 
time when a stimulus was presented. 

It would be possible, of course, to analyze semantically the expressions used in 
these responses. However, this task can be more easily solved in Experiment 3. 
Therefore, only one aspect of the responses of Experiment 2 will be considered, 
namely, the occurrence of cases when the subjects failed to think of any motion 
terms, i.e., when they left blank responses. 

The occurrence of blank responses are shown in 
Table 11. The blanks were more frequent in the slow 
tempo than in the fast tempo. This, probably, is an- 
other example of the significance of the tempo; as 
mentioned, the interstep interval in walking tends to 
be in the vicinity of 600 ms. It is interesting to note 
that the occurrence of blank responses was clearly 
lower for the stimuli presented in the original tempo. 
This apparently indicates that the motional quality 
tended to appear more readily when the step patterns 
were presented in their original tempo. This is inter- 
esting, as the patterns do not a priori possess any pro- 
perty that would imply, that they acquire a motional 
quality only when presented at a specific tempo. We 
take this as an indication that, indeed, the step pat- 
terns were capable of inducing associations to loco- 
motion. 

Experiment 3 

The aim of Experiment 3 was to obtain perceptual 
profiles of the motional qualities of the stimuli used 
in Experiments 1 and 2. Thus, the subjects were asked 

Table 111. Adjectives with En'plish to describe, along 24-adjective scales, each of the 
stimuli used in Experiments 1 and 2. These adjectives 

are listed in Table 111. They were selected taking into consideration the adjectives 
related to motion, which the subjects in Experiment 1 had used in their responses, 
and also the adjectives that Gabrielsson (1973) worked with in his studies of the 
perception of motion in musical rhythm. 

The subjects were given sheets on which each adjective was represented by a line. 
On this line, the subjects marked on a scale, ranging from nil to extremely, how 
much of the quality represented by the adjective that they felt the stimulus 
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possessed. Again, the same experiment tape as in Experiments 1 and 2 was played 
over loudspeakers to all subjects in one session. However, this time the tape was 
stopped after the first presentation of each tone sequence and after a while, the 
experimenter played the repetition of the same sequence. The experimenter then 
checked that all subjects had finished their responses before he played the following 
stimulus. For the sake of time, each stimulus was presented only once in this test. 
The Experiment took about 30 min. 

The marks on the 
lines were measured 
and submitted to a 
factor analysis. An 
analysis was select- 
ed which contained 
four factors explain- 
ing 86% of the vari- 
ance. As can be seen 
in Table IV, adjec- 
tives associated with 
the extremes of these 
factors were for fac- 
tor 1 Swift-Solemn 
(55% of the varia- 
tion), for factor 2 
Gracious-Stamping 
(15% of the varia- 
tion), for factor 3 
Limping-Forceful (11% 
of the variation), 
and for factor 4 
Springy (no oppo- 
site adjective, 6% of Table IV. Sorted rotated factor loadings for the adjectives used i n  experi- 
the variation). Hence- m ~ n f  3. 
forth, we will tentatively refer to the factors by means of these adjectives. The factor 
loadings in these four dimensions were calculated for each of the stimuli. 

In this experiment, the subjects were forced to describe their perception in motion 
terms. Experiments 1 and 2 showed that the patterns were perceived as possessing 
motion quality mainly when they were presented in their original tempo. Therefore, 
in this preliminary study, the results from Experiment 3 seemed most interesting 
with respect to the stimuli presented at the original tempo. A more exhaustive 
analysis is under preparation. 

Factor 1, Swift-Solemn, was strongly dependent on the tempo, see Fig. 7, thus 
confirming the labelling of this factor. The inter-onset time near 600 ms showed the 
highest positive loading. No such clear relation to tempo was observed for the other 
factors. 
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The factor scores for the 
stimuli presented in the or- 
iginal tempo are shown in 
Fig. 8. The figure shows 
that the different step pat- 
terns produced a quite 
differentiated perception. 
The patterns derived from 
walking, all showed a ra- 
ther low loading in factor 

-2.00 

400 600 800 1000 1200 1400 
4 (Springy), while the pat- 

INTERTONE INTERVAL (rns) 
terns pertaining to dance 
had a substantially higher 

Fig. 7. Relation between Factor 7 (swift-solemn) und the tempo of loading in t h s  factor. The 
stimulus presentation observed when the stimuli were presented twin hump pattern was 
with their original inter-tone intervals. 

perceived as swift, which 
would reflect the tempo, AT = 571 ms. It had loadings close to zero in the other fac- 
tors. The Forceless patterns had a rather high loading in the Swift-Solemn factor and 
a negative loading in the factor Limping-Forceful. The Procession pattern was per- 
ceived as solemn, gracious, forceful, and not springy, which appears to be quite an 
adequate description of the underlying type of walking. The Single Hump dance pat- 
tern showed a moderate loading in all factors. The Modem Dance pattern was per- 
ceived as solemn, limping, and springy. The Long Low Level dance pattern was per- 
ceived as solemn, gracious, and springy. 

TWIN HUMP SINOLE HUMP 

P '  
8 
C 0 

8 "  .-.-. E 
$ - 1  

$ ~IE3 - I  ...I/:?~:~ 
FORCELESS MODERN DANCE g:;l i;rl 

! 0 
8 8- 

$ -1 - 9 -1 
/" 

-2 -2 
1 2 3 4 1 2 3 4 

PROCESSlON LONG LOW LEVEL 

Fig. 8. Factor scores for the six gait patterns presented at their original tempos. The three gait 
patterns to the left pertain to walkin,? while those to the right pertain to dancin,?. 
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couraging. It suggests that basic characteristics of the step patterns actually survived 
our rather daring translation from force in kg of vertical force to sound level in dB. 

DISCUSSION 
We made three different experiments using the same stimulus material. Motion 
words were most frequent in Experiment 1 when the tempo was close to a typical 
walking tempo with a step period of 600 ms. This result supports the assumption 
that the subjects recognized that the stimuli were related to walking. The results of 
Experiment 2 indicated that the difficulties to associate the different stimuli with 
locomotion were smallest when presented at the original tempo. This result, again, is 
compatible with the idea that the subjects recognized that the stimuli were related to 
walking. From Experiment 3, sensible descriptions emerged that turned out to be 
quite adequate for the motional qualities of the gaits underlying the stimuli. 

All these results seem reasonable and coherent. Further, they support the as- 
sumption that listeners' associations to locomotion may be conveyed by tones, whose 
sound level envelopes have certain similarities with the force patterns associated 
with walking. 

We have found two factors of major influence on the perception of motion in a 
rhythmical sequence. One factor is the tempo of stimulus presentation, or the inter- 
onset interval. The just-mentioned observation in Experiment 1, that many subjects 
used motion words in their responses when they heard stimuli with an inter-onset 
interval near 600 ms, is a striking example. The other factor is the ratio between the 
inter-onset interval used for the stimulus presentation and the original inter-onset 
interval. When the stimuli were presented at the original tempo, a maximum num- 
ber of responses containing motion words were obtained in Experiment 1. 

The reason for the relevance of the first factor seems simply to suggest that many 
subjects did not associate such stimuli to motion which were not presented at a rate 
untypical of walking. This suggests that the experience of walking serves as an im- 
portant frame of reference for the associations to locomotion from a rhythmically re- 
peated stimulus. 

The reason for the relevance of the second factor is less obvious. It is not obvious 
why the force pattern necessarily triggers associations to locomotion only when pre- 
sented in the original tempo. As is shown in Fig. 4, the patterns differed consider- 
ably, containing different number of humps. These humps did not appear to divide 
the interval to the following step into anything reasonably similar to simple ratios. 
Yet, the fact that the gait patterns were most frequently perceived as possessing a 
motion quality supports the assumption, that the experience of walking was relevant 
to the subjects' responses 

It is well known from performance research that the duration ratios between note 
values in music performance tend to be far from their nominal values. This raises the 
question whether we should expect to find the performed duration ratios in the gait 
patterns. Our results suggest that walking has a major impact on the perception of 
locomotion. Then, it seems a plausible hypothesis that details in these gait patterns 
are used as archetypes for the durations of notes in music performance. For instance, 
in Experiment 1 we found locomotion words particularly frequent, when the humps 
in the Twin Humps gait formed a pattern that was close to common bar patterns, 
and infrequent in the case when they formed an unusual bar pattern. However, such 
a hypothesis does not appear to be entirely convincing. The performance rules that 
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