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Pitfalls in using ML to predict executive function 
performance by linguistic variables

Methods

Introduction

§ Link between executive function (EF) performance and prosody in numerous mental disorders (Filipe et al., 2018; Le et al., 2011; Nevler et al., 2017)

§ Most findings based on patient studies, not on healthy subjects - unclear how different subdomains of EF and prosody are related to each other

§ Aim of present study: Explore the relationships of EF and prosody using a machine learning (ML) regression approach by predicting EF performance from various 

prosodic features

Results

Discussion
§ Study provides insights into the specific relationships between prosody (mainly spectral features) and executive function performance

§ Findings about connection between prosody and EF are in line with previous studies (Filipe et al., 2018; Le et al., 2011; Nevler et al., 2017)

§ Further research should investigate whether the predictive power of prosody can serve as a biomarker of executive dysfunction

§ Main outcome: Our findings examplify possible pitfalls with the use of ML & strongly suggest caution with the interpretation of ML prediction results
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66 EF target variables 264 prosodic feature variables

(Pedregosa et al., 2011)
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Figure 1. Executive function targets with positive R2 values for cross-validation.
Model fit, measured by coefficient of determination (R2), is shown for five EF variables related to 
cognitive flexibility, working memory, and attention/vigilance. Invalid model fit is displayed for 61 EF 
variables.

Figure 2. Frequency of occurrence of the most predictive features.
Results of the permutation feature importance analyses suggest that the spectral prosodic 
parameters are most predictive.
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Figure 3. Prediction of Trail Making Test targets in different conditions.
Confounding variables (sex, age, education) and stratification: with confound removal (with CR), 
stratified (strat.), without confound removal (without CR).
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à Results indicate a leakage of the effects of sex, age, 
and education into the prediction 

(confound leakage)

à We suggest running sanity checks for predicting 
cognitive performance as well as caution with the 

interpretation of ML prediction results

stratification: EF performance
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Prosodic Feature

§ the Virtual Brain Cloud (EU H2020, no. 826421) &
§ the National Institute on Aging (R01AG067103).

§ Prediction power decreases significantly when not 
removing the confounding variables

§ Indication that the prediction performance is mainly 
driven by sex, age, and education confounds, rather 
than prosodic features

§ Stratification increases the prediction power, as 
expected, but can also increase the confound leakage
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