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“Success is 
dependent on 
effort.”

- Sophocles

WHAT DID 
YOU SAY?



TRADITIONAL HEARING AID APPROACH



AUDITORY SCENE ANALYSIS (ASA)
Bregman (1990)



NOVEL SPLIT-PROCESSING APPROACH

Best et al. (2021)



RESEARCH PREMISE & HYPOTHESES
PREMISE: Split-processing should limit the acoustic features 
that would otherwise be common to sounds processed as a 
single input stream (i.e., traditional DIRM). 

If so, we expect:

1. Split-processing will enhance the brain’s representation
of speech sounds arriving from the front separate from  
surrounding babble noise.

2. Split-processing will reduce the effort exerted while 
listening to speech in noise.



DETAILS OF MMN STUDY
- The Mismatch Negativity (MMN) 

is an endogenous component of 
the human (cortical) auditory-
evoked potential (cAEP).

- Reflects processes related to 
auditory change detection 
and/or prediction error 
(Winkler, & Czigler 2012). 

- Larger when difference between 
standard and deviant is more 
perceptually salient 
(Paavilainen, 2013).

- Evoked passively (no attention 
or responses required).



DETAILS OF MMN STUDY
- Phonetic discrimination MMN.

- 85% /ba-ba/ v. 15% /ba-da/ 
(800 trials, ISI = 0.6-0.7 s)

- Speech-Front + Noise-Back at 
individualized SNR (2-AFC).

- EEG recorded from 19 Ag/AgCl 
electrodes (fs = 19 kHz, linked 
earlobe reference, forehead 
ground).

- Compared 3 HA programs on 
Signia AX platform.

- Omnidirectional Microphone
(non-split-omni).

- Adaptive Directional Microphone
(non-split-dirm).

- Split-Processing.

ba-ba ba-da



DETAILS OF MMN STUDY
- 14 native English speakers with a 

symmetrical sensorineural 
hearing loss. 

- Mean age = 68 years, ±15 SD, 
- 7 female,
- 1 not current HA wearer.

- Tested in aided mode.
- Signia AX fit to NAL-NL2 at 100% 

prescription gain.
- Fully-occluding double-dome 

instant fit ear tips.
- Additional features, other than 

noise reduction and feedback 
cancellation, were disabled. 

                         
   

 

  

  

  

  

  

  

  

  

  

   

   

   

              

 
 
 
 
  
 
  
 
 
 
 
  
 
  
 
 
 
  
  
 
 
 
 

        
         



RESULTS – MISMATCH NEGATIVITY (MMN)
Slugocki et al. (2021)



RESEARCH PREMISE & HYPOTHESES
PREMISE: Split-processing should limit the acoustic features 
that would otherwise be common to sounds processed as a 
single input stream (i.e., traditional DIRM). 

If so, we expect:

1. Split-processing will enhance the brain’s representation
of speech sounds arriving from the front separate from 
surrounding babble noise.

2. Split-processing will reduce the effort exerted while 
listening to speech in noise.



DETAILS OF ALPHA STUDY
- EEG activity in alpha-band

considered to be a neural proxy 
for listening effort.

- Posterior alpha power increases 
with difficulty of speech-in-noise 
tasks (McMahon et al., 2016).

- The Repeat-Recall Test (RRT) is 
an integrative speech-in-noise 
test developed by ORCA-USA.

 

                               

                       

                                

                       

                               

                                    

 
 
 

 
 
 
  
 
 

 

            

     

        

      

            

        

 

 

 

 

 

 

 

          

                            

                              

                                

                      

                          

                                    

 
  
 
 
 
 
  
 
 

                                 



DETAILS OF ALPHA STUDY
- EEG activity in alpha-band

considered to be a neural proxy 
for listening effort.

- Posterior alpha power increases 
with difficulty of speech-in-noise 
tasks (McMahon et al., 2016).

- The Repeat-Recall Test (RRT) is 
an integrative speech-in-noise 
test developed by ORCA-USA.

- Compared same 3 HA programs.
- Omnidirectional Microphone

(non-split-omni)
- Adaptive Directional Microphone

(non-split-dirm)
- Split-Processing



DETAILS OF ALPHA STUDY
- Same 14 participants were invited 

back + 4 new recruited.
- Total of 18 native English 

speakers with a symmetrical 
sensorineural hearing loss. 

- Mean age = 71 years, ±13 SD.
- 11 female.
- 3 not current HA wearer.

- Tested in aided mode.
- Signia AX fit to NAL-NL2 at 100% 

prescription gain.
- Fully-occluding double-dome 

instant fit ear tips.
- Additional features, other than 

noise reduction and feedback 
cancellation, were disabled. 

                         
   

 

  

  

  

  

  

  

  

  

  

   

   

   

              

 
 
 
 
  
 
  
 
 
 
 
  
 
  
 
 
 
  
  
 
 
 
 

        
         



MEASURING ALPHA-BAND DURING THE RRT



ANALYZING ALPHA-BAND POWER
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ANALYZING ALPHA-BAND POWER



RESULTS – ALPHA-BAND PSD TOPOGRAPHY
Slugocki et al. (in prep)



LME RESULTS – ALPHA-BAND PSD

Slugocki et al. (2021)



SUMMARY & CONCLUSIONS
Split-processing associated with larger MMN to phonetic deviants in multi-
talker babble noise versus non-split-omni... 

We did not see an advantage of non-split-dirm over non-split-omni, despite 
significantly lower alpha/effort in non-split-dirm versus non-split-omni.
May reflect differences in noise type where split-processing is more effective than 
non-split-dirm in conditions with modulated (babble-like) noise.

MMN and alpha-band results suggest that benefit of split-processing observed 
in previous studies reflect better (exogenous/bottom-up) contrast between 
focus and surround streams…

…better speech-in-noise ability in continuous noise (Jensen et al., 2021),
…better acceptance of continuous noise while hearing speech (Kuk et al., 2022).
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THANK YOU
FOR LISTENING

Questions, Comments, Concerns?

christopher.slugocki@wsa.com


