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Introduction & Summary

Nkululeko is software that detects speaker characteristics through
mMachine-learning experiments, with a high-level inferface. e.g..

e combine acoustic/linguistic features and machine learning models
(including feature selection and features concatenation, ensemble
learning, parameter tuning, ...),

e perform data exploration, intelligent data splitting, and visualization,

e explore feature performance, e.g. acoustic biomarkers,

e pre-processing (cleaning), re-sampling, segmenting, over-sampling
and augmentation of databases.

The Input Format

Nkululeko is configured by a text file (no GUI):

[EXP]

name = my-exp

[DATA]

databases = ['androids']

androids = /data/androids/androids.csv
target = depression

[FEATS]

kind = ['wav2vec2']

[MODEL]

type = gmm

[PREDICT]

targets = ['pesq', 'mos', 'text', 'age'l
[EXPL]

value_counts = [['gender'], ['age']]

Exploration: Feature Importance

Acoustic and linguistic features can be visudlized with respect to their
importance in distinguishing categories.
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Figure: Visualize feature /target explanation and two feature correlations depending
on the target.

Nkululeko can be used to estimate and visuadlize the importance of
specific features and how they are influenced by the target variable.

all samples (362)
Kruskal-Wallis: all_groups:highly significant (0.000 < 0.001))
t-test: anger-sadness:highly significant (0.000 < 0.001))

Feature importance for test samples with model(s) tree_ gmm_svm
based on feature permutation
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Figure: Visualizing the correlation of acoustic feature and target.

hitps:/ /github.com /felixbur/nkululeko
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Machine Learning Experiments

Nkululeko performs machine learning experiments as a combination of
acoustic features (expert, like Praat or opensmile) and data-driven, like
Wav2vec?2 or WavML) and learners (all sklearn and Pylorch: e.g., SVM,
MLP, CNN, ...).

UAR: 0.82, ACC: 0.83 CCC: 0.85, PCC: 0.85, MAE: 0.07
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Figure: Confusion maftrix and scatter plot as a result of a machine learning
experiment,

coprrect 7094. Cohen's d: middle effect (True-False): 0.465

Comparison of features over 5 runs )

Kruskal-Wallis: all groups: significant (0.002 < 0.01) [\
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(0) Estimating feature differences by (b) Estimating uncertainty by
random weight initialization enfropy over the loQifs

Figure: Additional examples of Nkululeko features.

Prediction and Confounders

Nkululeko integrates many Hugging Face Al models fo automatically
predict Speech segments, Speech quality (MOS, SNR, PESQ), Speaker
characteristics (age, gender), Speaker ID, Spoken text (ASR), and Text
franslations.

Estimation of the influence of confounder variables is possible.

samples 2542. P-val chi2: 0.0

samples 61. Effect size (angry-neutral): 1.61
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Figure: Distribution of confounder and farget variable.
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Conclusion

Nkululeko is a Python command-line tool that uses INI configuration files
to specify experiments. Data are imported from a CSV file (file path,
speaker ID, gender, task labels) or audformat. The functionality is
encapsulated in soffware modules invoked on the command line.
Nkululeko has been used in several research projects since 2022.
hitps://joss.theoj.org/papers/10.21105/j0ss.08049.pdf
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