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The likelihood-ratio (LR) framework has been employed in many forensic voice comparison studies 
to test the speaker-specificity of individual vowels and phonetic sequences (e.g. Morrison, 2009; 
Zhang, Morrison & Thiruvaran, 2011; Rose & Wang, 2016).  Other studies have looked at the effects 
of sample size on LR outputs (e.g. Hughes, 2014, Hughes & Foulkes 2015). However, few studies 
have considered the variability in system performance as a function of the make-up (rather than size) 
of the training, test, and reference data sets used in LR-based testing. Typically, FVC studies select a 
group of speakers to build the background model and run the experiment. One key question is whether 
this sample of speakers adequately represents the population, or whether a different selection of 
people would yield significantly different results. A related question is how the sample is split to 
create training, testing and background sets in order to assess system reliability. The current study 
addresses this issue by running multiple replications of the same speaker-discrimination experiment 
to assess the stability of the log_LR cost (Cllr; Brümmer and du Preez, 2006) to randomisation of the 
speakers in the training, testing and background datasets.  
 
Telephone call recordings of over 70 male Cantonese speakers from IARPA babel Cantonese 
language pack were used (Andrus et al., 2016). Each recording yields approximately 6-8 minutes’ net 
speech. The Cantonese sentence final particle (SFP) /a/ ‘啊 ah’ and one disyllabic word /hea/ ‘係啊 
yes’ were chosen as target variables. Tokens were manually segmented and labelled by using a 
TextGrid in Praat. F1 and F2 values were extracted automatically at 10% intervals across the full 
vocalic portion of each token using a script (F3 was not available due to recording quality). The raw 
data were then further corrected manually and outliers were identified using z-scores. The final 
dataset contains 67 speakers for /a/ and 63 for /hea/. The average number of tokens per speaker is 11 
for /a/ and 9 for /hea/ (min. 4 tokens per speaker). Quadratic and cubic polynomials were fitted to the 
/a/ and /hea/ formant trajectories respectively and the coefficients used as input to compute 
multivariate kernel density LR-like scores (using Morrison’s 2007 script). The first 20 speakers were 
then used for training data, the second 20 for testing data, and the rest for reference data for /a/ (27 
speakers) and /hea/ (23). Scores for the training data were used to generate logistic regression 
calibration coefficients (Brümmer et al., 2007) that were then applied to the test scores to produce a 
set of 20 same-speaker (SS) and 190 different-speaker (DS) calibrated log LRs (each DS pair was 
only used once). The calibrated Cllr was calculated to capture the system performance. The same 
procedure was then replicated 20 times using randomly assigned groups of speakers. Speakers were 
randomised by using list randomiser (random.org/lists/). 
 
The left panel in Figure 1 illustrates the Cllr values of the 20 replications, while the right panel gives 
the boxplot. The whiskers in the boxplot represent the most extreme data. The box represents the 
interquartile range and the outliers are marked by the red crosses. Figure 1 shows that the overall 
performance is moderate, which is probably due to low speaker numbers, poor recording quality and 
lack of F3s. /hea/ has a better and more stable performance than /a/ in terms of Cllr values. However, 
speaker randomisation results in highly variable system performance. Cllr results vary from 0.74 to 



1.14 for /a/, 0.5 to 0.94 for /hea/. These results suggest it is essential to apply such randomisation in 
speaker discrimination studies to assess the sensitivity of output to the make-up of the datasets used, 
and thus to guard against LR results that might be especially strong or weak simply because of the 
random distribution of speakers in system testing. Ongoing work explores the generalisability of these 
findings, applying the randomisation method on other data sets including hesitation markers in 
English (Hughes, Wood and Foulkes, 2016). 
 

 

 
Figure 1.	Scatter(left) and boxplot(right) of Cllr values of /a/ and /hea/. 
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