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BACKGROUND AND AIMS
Continuous ratings during the experience of music listening have been collected for over 
thirty years, but there remain many difficulties in the interpretation of these synchronized 
time series. When individual responses to the same music vary greatly, we have to 
question whether or not they  can be related to a common stimulus. Rather than reduce the 
breadth of responses to a single average hypothetical listening, we can study the 
proportion of participants changing ratings as a description of the audience's experience 
through time. With this new time series, we can test the coordination of rating activity 
against that of a random process, quantify the agreement and disagreement within the 
audience's ratings through time, and compare different audiences’ patterns of active 
responses to the same musical stimuli.

METHOD
For continuous rating data, we consider increases and decreases to be events in these time 
series, specifically active rating responses. Each rating time series can be transformed 
into a simple indicator of the existence of these events. Sampling over successive two-
second windows to accommodate lag variation and reduce serial correlation, the 
proportion of participants changing ratings since the last time point  defines the activity 
level of the next. Having counted the activity level at each time point, we can count the 
number of time points with specific levels of activity, and compare these to a random 
distribution. From the actual rate of occurrence of the event, we generate the distribution 
of time points with different activity  levels as would be expected from a uniformly 
random process. A Pearson Chi-squared test then measures the goodness of fit of the 
actual distribution to that of the expected one. We can also evaluate the likelihood for a 
given proportion of time points with high or low activity. To evaluate the agreement in 
rating changes, we compare the actual and expected joint distribution of time points with 
increasing and decreasing rating activity levels. We calculate the strength of activity 
orientation, given by the difference between increasing and decreasing activity  levels 
divided by the maximum level over each time interval, and test its significance with  
Pearson Chi-squared. To compare the activity of different audiences, we measure the 
significance of the number of shared high and low activity time intervals given the actual 
activity distributions of each. These methods are applied to the continuous emotional 
intensity ratings collected from two audiences in response to four Mozart symphonic 
movements.



RESULTS
While middling levels of rating change activity are common, there are significantly more 
high and low activity time points in response to some pieces than would be expected 
from a random distribution. For both the Jupiter Finale and the Marriage of Figaro 
Overture, the Chi-squared test rejected the null hypotheses for increase and decreasing 
activity separately  and jointly in both audiences (p<0.005). In contrast, the responses to 
the Rondo from Mozart's First Symphony do not show significant coordination, and one 
audience's response to the Adagio of Mozart's Clarinet Concerto was also not 
significantly different  from random performance. Pearson correlations of the activity 
orientations on two-second time intervals between the two audiences were highly 
significant at 0.48 and 0.32 for the Marriage of Figaro Overture and the Jupiter Finale, 
respectively, while being as low as -0.03 for the Rondo. The number of high activity time 
intervals shared by both audiences are highly significant  for those pieces with 
coordinated rating activity

CONCLUSIONS
The distribution of rating changes is one means of evaluating the coordination of 
responses across a collection of continuous response data. From the above, we have 
shown that these collections contain different  and sometimes contradictory patterns of 
response. In some cases, there is not sufficient coordination to justify  relating the 
audience’s activity  time series to the stimulus. When the distribution of activity fails to be 
significantly different  from that of a random process, we have to forgo using the dataset 
for the analysis of temporal dynamics because we cannot expect  the response pattern to 
be repeated. Thus some measure of the degree to which coordinated activity  deviates 
from random behavior should be performed on all continuous-response data prior to 
whatever other analyses are performed. While it is quite likely that the dataset used here 
is more variable than most, being of experienced rather than perceived emotion and 
collected in a concert rather than a laboratory setting, such factors can be directly 
investigated with these measures of within- and between-audience activity coordination. 
The differences in coordination of the audience responses for the four Mozart pieces 
suggest that the content of the music determines the consistency of response generated by 
the different audiences, as well as the strength of agreement within each listening group. 
In those instances where the activity showed high coordination, there are grounds to 
investigate the audience's temporal response in relation to the music that generated it.
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