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Measuring negative symptoms using computerized vocal analysis requires machine learning and 

large feature sets.  
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The methodological question being addressed:  

Can negative symptoms be meaningfully measured using computerized vocal analysis, machine learning 

and large vocal feature sets?  

 

Introduction/Aims:  

Negative symptoms are a transdiagnostic feature of serious mental illness that reflect an unmet public 

health issue. It has long been proposed that negative symptoms could be “digitally phenotyped” using 

objective vocal analysis, an endeavor that could improve diagnostic accuracy and allow remote 

monitoring using unobtrusive in situ recording technologies. To date, objective vocal measures have 

shown variable, often negligible, convergence with clinical ratings. This is potentially because vocal 

analysis has been conducted using small, constrained acoustic feature sets. We sought to evaluate: 1) 

whether clinically-rated blunted vocal affect (BvA) and alogia could be accurately modelled using machine 

learning (ML) of a large, comprehensive set of acoustic vocal features, 2) whether ML-based BvA/alogia 

is associated with demographics, psychiatric symptoms and cognitive and social functioning, and 3) 

which key vocal features from the models were most important for understanding BvA/Alogia – in effect, 

evaluating the models’ “black boxes”.  

 

Methods 

Participants included 121 adult outpatients with chronic serious mental illnesses. Natural speech was 

evaluated from two tasks: one involving brief responses to standardized images (i.e., “Picture” task) and 

the other involving recall of autobiographical memories (i.e., “Memory” task). There were 2496 recordings, 

which were analyzed using two separate, empirically-supported procedures. This yielded 135 vocal 

features. We employed LASSO regression to categorize patients based on the absence (i.e., rated as 

“absent”) versus presence (i.e., rated as “moderate” or more severe) of clinically-rated BvA and alogia. 10-

folds cross-validation procedures were used for model development/evaluation, and stability selection was 

used to identify the most stable individual features.   

 

Results 

Average accuracy across 10-folds for the training set was 90% and 95% for BvA and Alogia respectively, 

which reflected good hit and excellent correct rejection rates. These rates improved when the Picture and 

Memory tasks were examined separately – with average accuracy ranged from 94% to 99% for the training 

sets. Test set accuracy was slightly lower, with values ranging from 85% to 96%. ML-based BvA and Alogia 

were not systematically associated with demographic variables or general psychiatric symptoms, but were 

associated with poor cognitive performance and social functioning. Four vocal features were identified as 
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being particularly important for predicting BvA and Alogia. These features generally involved the spectral 

and tonal quality of vocalizations. However, modelling BvA and Alogia based solely on these features 

yielded poor accuracy rates (< 70%). 

 

Conclusions 

Negative symptoms can be accurately modelled using relatively large objective vocal feature sets, and this 

accuracy can be optimized by considering speaking task. The individual scores yielded by these models 

are important for understanding poor cognitive and social functioning, and hence, reflect a metric potentially 

sensitive to clinical state. The application of these technologies, and their limitations, are discussed.  
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