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Introduction 

•  Listening Effort is the mental exertion listeners experience 

trying to solve an auditory task such as understanding speech 

(or detecting a target among interferers).  

 

•  Affected by: 

•  Hearing loss 

•  Signal degradation (background noise, poor quality) 

•  Increases with: 

•  Foreign Language 

•  Speaker accent 

•  Phone call w/ a bad connection 

•  Associated with allocation of intentional and cognitive 

resources, and contributes to mental fatigue and distress. 

•  Age-related decline in attention and memory capacity 

 

 



Subjective Measurement of Listening Effort 

• Mostly done via subjective measurements 

• Questionnaires, rating scales, self-reports 

• Sensitive to individual’s (confounding factors) 

• Awareness of her/his performance on task 

• Understanding of the situation 

• Numerous indicators of body and mental states 

• Result in 

• High risks of intera-rater variability 

• High risks of inter-rater variability 



Objective Measurement of Listening Effort 

• Dual Task Paradigms 

• Two tasks at the same time (e.g. listening to speech & a visual memory activity) 

• Complex method easily influenced factors such as motivation, task strategy, & 

participant cooperation 

• Results difficult to compare to other studies w/ different methods 

 

• Evaluating pupil dilatation (pupillometry) 

• Psychophysiological measures 

• Heart rate, skin conductance, skin temperature, and electromyographic activity 

• Drawbacks and limitations: 

• Not measuring the effort of auditory processing in itself, but the response of the 

body to the activities in the auditory system 

• We can listen w/ our eyes closed 

• Individuals have different bodily responses to the same listening experience 

 



• Voltage fluctuations from neuronal 

   communication within the brain 

 

• Diagnostic applications generally focus on 

   the type of neural oscillation that can be  

   observed in the EEG signal 

 

 

 

 

Oscillatory Electroencephalography (EEG) 

• Objective method used to evaluate effect of primax features on listening effort 

• Developed & optimized in collaboration with neuroscientists over the last five 

years 

• Noninvasive recording of electrical activity of the brain 



EEG recordings 

•  e.g. the auditory brainstem response (ABR) evaluates electrophysiological events of the 

brainstem using evoked potentials 

•  We used EEGs from higher processing states of the neural pathway which are oscillatory or 

ongoing EEGs for the purpose of evaluating listening effort 

• Advantages include the ability to analyze longer listening periods and not restricted to 

short repetitive stimuli 

• Measuring listening effort in realtime while speech recognition tasks are being   

conducted 



Measuring Listening Effort by Analyzing 
EEG 

• ABRs  

• are analyzed in the delayed amplitude of the averaged waveforms in 

response to repeated stimuli 

• Ongoing EEGs (our studies) 

• not evoked by repeating the same stimuli; waveforms cannot be simply 

averaged 

• we rely on special time-frequency transforms of waveforms while participants 

perform speech recognition task and evaluate the instantaneous phase of the 

resulting signal 

 Frequency-specific instantaneous phase characteristics of the EEG 

waveforms 

 Phase is measured as an angle (i.e. degrees) and is plotted on a 

so-called unit circle  



Plotting Phase Around the Unit Circle 



Clinical results 
New features significantly reduce listening effort 
 

Mean Objective Listening Effort 

Effortless hearing to improve benefit & satisfaction 

Objective results Subjective results 

An independent clinical study in the US has shown that primax provided a significant improvement in ease of listening in demanding listening environments.  A methodology using objective brain behavior measures with 

electroencephalographic data, showed a significant reduction in listening effort for mild to moderate hearing impaired subjects using primax hearing instruments, when applying advanced features SpeechMaster and EchoShield.  
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