
  

 

A simple query mechanism would retrieve all varia-

tions whose comparison with the theme yields a value 

above a certain threshold. Possible values for this thresh-

old lie between the lowest value for any comparison be-

tween a theme and one of its variations, and the highest 

value for any comparison between a theme and a variation 

of a different theme. For each comparison method, the 

average F-measure, using each theme as a query, was 

computed, at each candidate value of the threshold. The 

best possible F-measure (on this corpus) using each com-

parison method was thus be computed. 

An alternative test is to ask, for each variation, of 

which of the five candidate themes is it a variation. The 

simple answer would be the theme which yields the high-

est comparison value. This test will be called the ‗recog-

nition measure, and for each comparison method the 

value recorded is the percentage of variations whose 

theme is correctly recognised. 

5. RESULTS 

The main hypothesis of this study, that reduction will lead 

to better recognition of variations, is not confirmed by the 

results, as shown in Table 1. In fact twelve of the 384 

methods comparing surfaces produced a better average  

F-measures than the best reduction-comparing method, 

and two produced better recognition measures. The dif-

ference is small, however. It is impossible to know with-

out further research whether this is because the fundamen-

tal idea that variations share common reductions is mis-

taken, or whether it is because the reductions produced by 

this reduction software are incorrect. Currently there is no 

simple way of determining the correctness of an analysis. 

The values of match between the analysis of a theme 

and the reductions of its variations are generally high, but 

they can also be high for reductions of variations of other 

themes. This is illustrated in Figure 3, which shows a 

graph of the match values for K. 265, using the best re-

duction-matching method (matching pitch classes from 

the melody and bass in the appropriate voice in the varia-

tion, but not matching tied notes; weighted by duration 

but not level and not limited; taking the maximum match 

among alternative segments). The best threshold value for 

this comparison method is 0.78, which causes one varia-

tion of this theme not to be recognised, and a number of 

false positives from variations of other themes. According 

to Schenkerian theory, pieces of tonal music become 

more alike each other the higher up the structural tree one 

looks, until all (proper) pieces share one of only three 

possible Ursätze. Perhaps the reduction-matching meth-

ods have been confounded by this underlying universal 

similarity. 

The match values for surface matches are typically 

lower and more spread out, as illustrated in Figure 4, 

which shows the results for the same theme using the best 

surface-matching method (matching all pitch classes in 

the appropriate voice in the variation, including tied 

notes; weighted by duration but not metre; taking the pro-

portion a pitch class is present in a segment‘s span). The 

best threshold for this method is 0.36, causing all varia-

tions of this theme to be correctly recognised but also a 

false positive. 

5.1 Factors leading to better recognition 

Analysis of the results indicates that many of the factors 

listed above make little difference to the quality of a rec-

ognition method. One notable exception is that weighting 

by level in the case of reduction matches generally leads 

to worse results. This is consistent with the general con-

clusion above that reduction does not lead to better rec-

ognition of variations. Also consistent with this is a 

weaker result that weighting by duration does not improve 

recognition in the case of reduction matches, probably 

because higher-level segments are likely to have longer 

durations. In the case of surface matches, however, 

weighting by duration, but not by metre, leads to a slight 

improvement. 

On average, counting a surface match simply by the 

presence of the required pitch or pitch class within the 

span of a segment gives slightly better results than meas-

uring the proportion of the span in which it is present, and 

both give better results than counting matches anywhere 

within the bar. However, there are interdependencies 

among the various parameters. For example, when pitch 

classes are matched within voices, measuring the propor-

tion gives consistently better results. 

In the case of reduction-based methods, taking the 

maximum match among alternative segments yields the 

best results, on average. This is consistent with the idea 

that variations should have reductions which match the 

reductions of the theme. The listener hears the theme first, 

and so ambiguities in the structure of variations can be 

resolved by reference to the structure of the theme. It is 

therefore sufficient that there be some possible reduction 

of the variation which matches the theme. 

In both surface- and reduction-based methods, the 

worst results come from matching only the bass, followed 

by matching only the melody. The difference between 

matching all notes and just the melody and bass is small. 

In every case, if pitch classes are matched, the best results 

come from matching them in the appropriate voices, 

 Surface methods Reduction methods 

Average  

F-meas. 

Recog. 

measure 

Average  

F-meas. 

Recog. 

measure 

Best  0.867 94.8% 0.842 90.9% 

Average 0.776 74.8% 0.748 70.3% 

Worst  0.540 42.9% 0.671 35.1% 

Table 1. Summary results. 
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whereas if pitches are matched, the best results come from 

ignoring the voice in which they occur in the variation. 

This might be because sometimes Mozart writes a new 

part above the melody, and in such cases the melody often 

occurs at its original register. 

5.2 Possible Improvements 

A half-way house has been tested, which looked for 

matches of segments at higher levels only if there was no 

match at a level below. However, this produced no better 

results than those given above. Better results might come 

from matching melody and bass voices separately, possi-

bly at different levels, but this has not yet been tested. 

In examination of some of the false negatives and false 

positives, similarities and dissimilarities are revealed in 

the reductions which are not present at the surface, but as 

yet no consistent pattern has been discerned which would 

lead to a consistently better variation-recognition method. 

It is possible that harmony should be taken into account. 

(Harmonic analysis is a bi-product of the reduction pro-

cedure.) Matching on harmony alone, however, would not 

produce good results because many of the themes have 

similar harmonic structures; it would have to be combined 

with other factors. 

Overall, variation has been found to be more compli-

cated than first thought. The quantitative results do not 

show reduction to reveal the relationship between theme 

and variations, but examination of false results suggests 

that further research might yet show this to be the case. 
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Figure 3. Match values for the theme of K. 265 using a reduction-based comparison method. 

 
Figure 4. Match values for the theme of K. 265 using a surface-based comparison method. 
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