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Intelligibility Prediction at Oticon
Internal Test of Hearing Aid Prototypes

 Setup:

• Frontal target speaker and two ISTS maskers 
in a room with little reverberation.

 Hearing Aids:

• Two prototypes: A in 4 settings, B in 2 
settings.

• Fitted to the subjects. 
• 14 hearing impaired subjects. 

 Clean and noisy/processed signals were also 
recorded with a HATS.
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Key Takeaways

There exists a couple of binaural versions of STOI

These work well for some applications

Most of the STOI-family is freely available and easy to use



What is the STOI Measure?!?
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The Short-Time Objective Intelligibility Measure

C. Taal et al., “An Algorithm for Intelligibility Prediction of
Time–Frequency Weighted Noisy Speech,” TASLP, 2011.

386ms



Why STOI?!?
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Why STOI?!?
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Why STOI?!?
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Why STOI?!?
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• Easy and free to use:
• No patent, license, etc.
• Available on Cees Taal’s website.
• 188 lines of MATLAB in one .m file.
• Requires no toolboxes.



A bit of Perspective
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The Binaural STOI Measure*
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• Base idea: Combine the STOI measure with the equalization cancellation model.
1. Combine left and right ear signal

with EC stage.
2. Compute STOI measure of output.
• Find optimal EC-parameters by sweeping

different values.
• Handle internal noise by computing 

average STOI across many realizations.

* A. H. Andersen, et. al., “A binaural short time objective intelligibility measure for noisy and enhanced speech,” Interspeech, Dresden, Germany, Sept. 2015.



The Binaural STOI Measure
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The Deterministic Binaural STOI Measure
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• The output of the measure is stochastic 
because the EC-stage adds internal noise to 
parameters.

• First version of BSTOI used Monte Carlo 
simulation to find expected value of the output.

• Second version computes the expectation 
analytically:
• Fully deterministic predictions of 

intelligibility.
• Lowered computational cost.



The Deterministic Binaural STOI Measure

• The DBSTOI measure was shown to 
correlate well with speech intelligibility 
in many binaural listening conditions.

• Most significant inaccuracies were 
found at low SNRs for conditions with 
multiple or distributed interferers.
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Isotropic noise

S0N0

S0N-115



The Deterministic Binaural STOI Measure
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A look under the hood



The Modified Binaural STOI Measure
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• DBSTOI finds EC parameters to maximize correlation:

• Bias term can be mathematically isolated under appropriate assumptions.

• To remove bias, we instead find EC parameters to maximize:

• Loosely corresponds to maximising SNR.



The Modified Binaural STOI Measure

• Danish matrix sentences from front.

• SSN from one of ten directions in 
horizontal plane.

• 10 NH listeners.

• Simulated anechoic with HRTFs.

• (10 listeners) x (10 conditions) x (6 
SNRs) x (3 reps) = 1800 sentences.
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Dataset 1 (Andersen et al.)



The Modified Binaural STOI Measure

• Danish matrix sentences from front.

• SSN or bottling factory hall noise (BFHN) 
from one of 3 directions.

• 14 NH listeners.

• Simulated anechoic with HRTFs.

• (14 listeners) x (9 conditions) x (6 SNRs) x 
(3 reps) = 2268 sentences.
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Dataset 2 (Andersen et al.)



The Modified Binaural STOI Measure

• Danish matrix sentences from front.

• SSN or ISTS noise. Isotropic or multiple 
sources.

• Beamforming as used in hearing aids.

• 10 NH listeners.

• Simulated anechoic with HRTFs.

• (10 listeners) x (10 conditions) x (6 
SNRs) x (3 reps) = 1800 sentences.
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Dataset 3 (Andersen et al.)



The Modified Binaural STOI Measure

• Danish matrix sentences from front.

• ISTS sources at ±90°, ±135°, 180°.

• Reverberant cellar BRIRs.

• Direct-to-reverberant ratio modified to 
make reverberation more or less 
detrimental.

• Variations of hearing aid noise reduction.

• 20 NH listeners.

• (20 listeners) x (8 conditions) x (4 DRRs) x 
(5 reps) = 3200 sentences.
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Dataset 4 (Kuklasiński et al.)

A. Kuklasiński et al., “Maximum likelihood PSD estimation for speech enhancement in reverberation and 
noise”, IEEE Tran. on Audio, Speech and Language Processing 24 (9), 2016.



The Modified Binaural STOI Measure

• Danish matrix sentences from front.

• SSN. Mixture of isotropic and point source 
at either 0 ° or 115°.

• 8 NH listeners.

• Simulated anechoic with HRTFs.

• (8 listeners) x (7 conditions) x (8 SNRs) x (3 
reps) = 1344 sentences.
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Dataset 5 (Andersen et al.)



The Modified Binaural STOI Measure
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Intelligibility Prediction at Oticon
Internal Test of Hearing Aid Prototypes

 Setup:

• Frontal target speaker and two ISTS maskers 
in a room with little reverberation.

 Hearing Aids:

• Two prototypes: A in 4 settings, B in 2 
settings.

• Fitted to the subjects. Minor amplification 
provided for normal hearing subjects.

 Subjects:

• 14 hearing impaired subjects.
• 14 normal hearing subjects.

 Clean and noisy/processed signals were also 
recorded with a HATS.
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