

February 23, 2026, AUDI 558


STUDENT: I wish lab two wasn't due today.


[ Laughter ].
Had a break. I'm so tired.
INST HERDMAN: Welcome back.
I wish my grants weren't due tomorrow.
I'm having technical difficulties. Welcome back. If you didn't leave, hope you enjoyed your reading break.

STUDENT: She has a cold.


INST HERDMAN: I'm going to restart the computer.
Any admin stuff to go through while this resets?


STUDENT: Lab two due date could be moved.
INST HERDMAN: Everyone is like, yeah? What were you doing in the week? Having fun? Reading? Sleeping.
Catching up.


STUDENT: Taking a break.
INST HERDMAN: You want a couple of days break. STUDENT: Yes please.
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INST HERDMAN: Wednesday?


STUDENT: Friday please.


INST HERDMAN: Friday? Okay.


STUDENT: Next week.


STUDENT: Also for mini assignment four, the submit button is not there.

STUDENT: Yeah.


STUDENT: You can't submit mini assignment four.


INST HERDMAN: Let's see. On now? All right. Good.
So there are some admin things to go through.
Sorry.
So okay.
This is -- is it me or -- not my computer, I
don't think.


STUDENT: Is it plugged in?
INST HERDMAN: I -- instead of going through the wall I took it through the air.












there.

There we go.
Now it's working. Yay.
Okay.
So mini assignment four, submit button is not


Published.
Submission -- does that help?



STUDENT: I think you need to save it? INST HERDMAN: Yeah.

STUDENT: It's good.
INST HERDMAN: Now it's good. Thank you.
Then you are saying lab two here. Due date Friday.
Now don't go working until 11:59. You are in university. You should have fun. Whatever, we just study, that's all we do.

STUDENT: Thank you.


INST HERDMAN: All right.
Let's this stuff back up. Okay.



All right. Anything else?
We are all happy now? Relief. Okay.
Steady state responses.
I will change it a bit this year.
The steady state responses I love because I did my PHD on it.
They are really cool.
And after about 20 years of doing research, not just me, others, we found out that ABR is still better than steady state.
So this is what happens. When I first came on the scene in auditory evoked potentials, steady state responses were new and were going to revolutionize the industry. We did what was proper. Because old guard still held with scientific principles and said we should validate these before we implement them clinically. We did that for ten years. Some systems were released. Looked promising, that steady state response could be used clinically. They could.
But given we are implementing them in clinic and we are finding oh, ABR is still superior because we have wave forms. Have to look at other populations.
ABR was on top. That's what I'm trying to say is give you history. ABR will be obsolete. Not always the



case but they could be useful. So tend not to use them for doing hearing threshold detection. They are great for screening.
But -- and they are -- basically great tool to say, does the infant or person have typical hearing or normal hearing? Yes. Great. If not, go to ABR.
So with all that, that will be your knowledge, you will take from this course.
Steady state are cool, and may be useful, but ABR is still better.
So now with all of that, it's like, sit back relax and learn what steady state responses are.
There's a caveat. Steady state responses, I hope but don't hope will rear its ugly head again and I will show you that during this class that steady state responses can obscure the ABR wave five. If that's the case we have to deal with it. But we have a solution in lab.
Okay.
So what are steady state response? I'm sorry, yes, I made up this name.
And I'm so sorry I made up this acronym.
Someone got it. Smiles. My friends said I should enter when I didn't notice it but they --steady state responses were called steady state evoked



potentials. Same as somatic...we have to change the name. So I said it's let's call it the ASS response.
I didn't notice it until Sasha and Andrew got me and they started to lay into me the whole night.
Sorry for the acronym. And I can't blame it that I'm second language English.
First language English. So now forever know the history of the name.
So steady state responses. What are they? How evoke them. Any repeating stimulus. It's just another fancy word for a frequency following response or repetition following response.
So typically how we evoke them is using sinusoidally amplitude modulated stimuli. 514 and --sinusoidal -- Sam tone, it's a tone that's amplitude modulated at specific rate or frequency. This is 500 Hertz tone modulated at 80.9 -- Hertz. I will play it when we do the SimHERA demo.
The FFT of that is there's a line spectra at 500

Hertz.



There it is.
[Audio playing]. You can hear roughness in

there. That's one line spectra 500 Hertz...
So this is 419 and 581 Hertz.
If you note, there's no energy at 81 Hertz.



That's what makes this cool. The brain responds at 81 Hertz. We know it's not stimulus artifact.
That's a benefit to using Sam tones. Don't have stimulus artifact. You can modulated these Hertz.
[Reading].
Now what is also cool is figured out we can put them all together. Here are them all together.
Turn it down a bit. [Audio playing].
Put those into one ear. Put the four into the other ear so we can at the same time test 8 different frequencies. Four in one ear and four in the other.
So we thought that would make the test 8 times faster.
It doesn't.
It does make it faster but not 8 times. I will tell the reasons why. First understand what they are. Steady state responses, we record the EEG, long duration of Sam tones.
And if we were to take little snippets of that, and over lay them, this is what you will see.
See this repeating wave form. If you do average of that, you get that.
This is just the phase of the average. So won't worry about that here. If did FFT of all of these



data, we don't do chunks, we take the whole trial which is usually a second, and we take multiple seconds so 16 usually and do FFT of that. This is frequency by amplitude. What you see this is the brain noise.
Brain and EMG noise.
And then we have at 91 Hertz because that's what is -- it was modulated at, we have a peek here, huge.
We also see another at its harmonic. 2F0, or FM. Put in a tone. [Reading].
Look at the FFT, wow that is way bigger than the background noise. Significant response. Move on.
So this is -- put in a stimulus. Get EEG recording. FFT of it and look here at the modulation frequency. And see if its amplitude is bigger than the background noise.
So the under lying physiology is put in the Sam tone. 515 is coming back? Asymmetric input function. So the hair cells do this asymmetric function...creates that asymmetry here. So that then goes and goes into our auditory nerve fibers to create action potentials and you can see action potentials don't have asymmetric curve because you have a positive, it's on or off. So the out put from the hair cells...are a bunch of action potentials that



follow the stimulus. But you see it's rectified. If you do FFT of that, you now are introducing 80 Hertz activity.
So if stimulating the Sam tone of let's say a thousand Hertz but modulated at 80, we then now get in the 80 Hertz. See the FFT, no energy at 80 Hertz.
Sam tone. There's 80 Hertz because you are causing asymmetry and even more...you start to see this 80 Hertz response.
So that's the envelope following response or frequency following response or AKA steady state response.
So it comes from this asymmetry in the rectification. That's how you get the 80 Hertz response.
Now we can -- I showed you modulation rates at
80 Hertz. We tend to use that for infant hearing. And there's some reasons for that.
We will get to. We can stimulate at slower rates. 40 per second. 20. I have a very nice 20 Hertz response.
50 Hertz is not as great. 40 -- mine is about
35. Everyone has different rates that their brain likes to oscillate and respond to. [Reading].
We can see this profile where there's a peak at



around 40 Hertz and another peek at about 80 Hertz. This is the average of different studies at which you can see there's a peek at 40 Hertz, comes down trough and another peak at 80 Hertz.
If we do adults, it has the larger amplitude of...I wouldn't use 80 Hertz. I would do 40 Hertz. Don't need to do 40 Hertz steady state responses.
...more accurate than 40 Hertz.
And an van mannen did this study a few years ago showing that.
For work safe when you try to evaluate people whether they are really pushing the button when they should be -- whatever you want to call it, instead of clinician judging a wave form for slow cortical steady state gives...holed up in court but takes twice as long as it does to do slow corticals. So and they are not as accurate -- not as an accurate reflection of their threshold. So there.
Okay. So.
Modulation rates for adults, in that nice adult range but -- won't worry about the temporal modulation function but on the rite see this is modulation frequency again and here are the young adults and the older adults see the shift in peek.
So there's a slowing of the cortical response.



This is actually just general. Just general neuroscience, electro physiology. In general as we age, our oscillations, alpha rhythms slow down...you are probably at 8 Hertz and at 80 or 70 years of age. Tends to be a slowing.
Showing here. Okay.
And then this is showing for 80 Hertz there's another shift.
But here is the thing I want you too take home
with.
In infants, so the premise or push do steady
state responses, they found out when they do the 40 Hertz response we get in adults, great response and we can use for infant hearing threshold testing, and then Dave Sapells and bob said, may be we should test it in the population we are looking to test in. They did that and this 40 Hertz peeking activity not really present in infants.
Infants tend not to have 40 Hertz response. Not absent in all kids but not large enough to detect or they are variable so we can't use it as a definite test. If they don't have response you can't say no response because they didn't hear it. Their brain has not matured to get this oscillation in the brain.



So infants tend not to have -- tend not to. Not that all infant don't. Be clear on that. Another paper showed that middle latency responses which are
40 Hertz...over lapping. In young infant you can see a small response. So this is other stuff David sappal stuff showing normalized amplitude. See this is not 0?
David and I will have argument about this soon. Fun discussion.
Because a grant we are putting in with I think some kids do have 40 Hertz responses and it obscures waive five. As you age, you see by ten years of age you start getting a larger 40 Hertz response and that's because this 40 Hertz response we believe is coming from what is called the THALAMO cortical loop.
And infants, brains need time to develop.
And mature. The loop at 40 Hertz has not matured until, you know, mid youth I guess.
6 to 8, but really about ten to 12.
I will come back to this how it relates to ABR. There is one thing. Age matters.
The other thing is, sleep also matters.
So these 40 Hertz responses, THALOMO cortical loop, just general neuro electro physiology concept is when you sleep, your cortex tends to shut off or



reduce. That's why you are sleeping.
So if this THALOMO cortical loop is set up 40 Hertz and you sleep and the brain shuts off the cortex the loop doesn't happen. That's work by David and others that showed during awake, you have this large
40 Hertz response but as you sleep, it's diminished quite a bit and this is replication showing across more frequencies. So sleeping is not good for 40 Hertz response.
So not good for infants, not good for sleep. So state matters.
So here is the issue for MLRs. Here is adult.
This is something I have not taught you yet.
You can see there's wave five here. Prime going into NA. Negative A.
And PA wave. NAPA.
And then MB and this is PB.
Now for infants, pretty much absent.
Not all infants look like this by the way. Some infant will have a small little NA and small little PA.
And actually you can see it here. Here is waive five [reading].
So even in David's -- this is -- this might be Nina CROUS work sorry. Some infants will have absent.



This is younger. Has the middle latency response. Nice response here.
So here is the break down of percent of subjects versus age and whether they have absent immature or adult like. You see infants have immature and some have adult like middle latency responses. Keep that in mind.
We will get back to this.
So generators -- this is something I published way back. Seems like yesterday but it was a few years ago.
We want to look at where these were come from in the brain. Did this modelling.
And so each one of is a dipole in the brain.
Think of a generator and 80 Hertz response you see a large oscillating wave form it's usually coming from there. The neuro generator dipole located in the center of the brain stem and pointing up wards. The other didn't have contributions.
If you look at the 40 Hertz response, which we had 39 Hertz we got a brain stem response but also in three and four here. These are the generators.
Horns. You have generators like that, and pointing in horns. We do get a nice brain stem thalamus because really it's brain stem thalamus. We can't really



differentiate with that dipole one and three and four which is coming from cortex. So THALAMO cortical.
That's evidence pretty good to see where coming from. So back to way back, beginning of the semester,
we talked about where these were coming from. ABR is come from up ward towards inferior colliculus [reading].
To auditory cortex. This is NAPA -- PB or P one. So this is the middle latency response.
And then the cortical one.
I will go here and then we will take a break.
What is happening we believe is that I will bring you to the steady state here, the 40 Hertz.
We have a waive five [reading]. It happens that the peak of PA to PB is about 25 milliseconds.
One over 25 milliseconds is 40 Hertz.
So if we put in one stimulus, we get this waive five NAPA [reading]. Throw in another stimulus.
Happens to line up the PB from this one with the PA from the next one. Now we get constructive addition.
...now we line up the PB of the second stimulus with the PA of the...average them, now we have a repeating cyclic wave five. Call the super imposition overlap theory.
That works for 40 Hertz. For 80 Hertz waive



five looks like it overlaps. You get overlapping of these to get create the 80 Hertz response.
We all good with that? Take a break?
Then I will call something up and you will go darn it, I hope this doesn't work like that but I have a solution. Think about the overlapping stuff.
[Break]. INST HERDMAN: Okay.
So we're good with the over lap? Makes sense?
All right.
Keen eye, you realize, excuse me, that the waive five here -- see it -- little peeky thing here. May be? May be not. Hard to see. Right?
So here is the problem where I said, steady state might rear its ugly head, can be problem if we don't consider some things clinically.
Let me show you the problem first. Ignore the top left.
If we see in the gray, and I have seen this many many many times, where I have seen reviewing cases and going, oh, the clinician called that absent. And I'm like, we can't call that absent response because there looks like slow wave activity underneath it.



Which always get me frightened.
And they call it a no response and I'm like, okay, I have to admit I let it go because keep fighting with others. Need do another condition to determine if it's real. What should we do? ABR and slow wave activity?
How do you know if it's physiological or not?
You clamp the tube.
If it goes away with clamp, it's likely coming from brain.
And then people are like, how do you clamp a tube with bone oscillator? There's a big one -- how do I clamp the tube?
Any thoughts?
It's very simple solution. Stumps people though.
Take it off.
Just hold it hover, not connect to the bone. Essentially you have made no transduction of energy into bone. Just like when you clamp the tube, everything stays the same transducer but there's no energy transfer into cochlea. That's the clamped tube in bone. So you can do clamped tube in bone. If goes away comes from brain. If this goes way you show a steady state response...it's response to sound. This



is not absent or NR.
So we should be doing clamp tubes whenever we see this. Now I've been vetoed because it's not in the protocol. I will provide evidence. We know is in adults and we will try do it in infants. The clinician see this and say I don't see -- the shaded red area is the time interval in which clinician usually look for waive five. 500 Hertz. They don't see one. If it meets noise criteria, it doesn't but if it did they say no response. The reason you don't see...it's opposition to the actual positive waive which is down here. This is recording from adults.
Real. Where we have a wave five, nice clearly defined wave five but under the condition they have steady state response in it, it's pretty much gone.
Obliterated. So -- if zoom out -- this is the green hatched area. Zoom out and you can see -- oops.
I made this too big. That's the area.
Okay?
So this green is what you see here.
So you see this coming down, flatten and then nothing. That's what you see clinically. You see that.
So of course you will say no response.



Okay.
But if I zoom out, and you start to see this thing, that's repeating like that, probably say response present, right? So either we have to open the window or do a trick, don't publish this before I do, I will be mad, is we randomize the rate which we stimulate at. It's old ERP trick so the blue is randomized rate. You see the steady state response disappears. Magic.
Math magic. So you see here wave five and then the NAPANBPB response.
Clear as day.
And you can resolve waive five so clinically, what you end up seeing in the clinical view is a nice waive five with no steady state.
It's not obscuring the waive form so you don't have to a clamp tube. It's to save two minutes. That two minutes means -- may be four minutes. You have to do two applications usually so it's all to save four minutes but that could be you getting another condition at another frequency. So you don't have to call the patient back in. Now you got all the information you need. It's important in my opinion that we do this.
This is where steady states responses can be not



your signal but your noise. Can be complicated.
Now, I want to train people to recognize that you have a slow waive in there do the clamp. The manufactures don't have this ability to do randomized rate. Once we get the evidence...all the evidence I believe that we will come up with will show that we should do this. You will go oh, I HS. Oh interacoustics...does your system have randomized rate? Oh no. IHS does. I will go with them or sonic you got it. I will go with you guys because I want randomized rate. I don't want to clamp tube.
All right.
Does that help? This is cool stuff like we collect this a week and a half ago.
Two weeks ago. So yeah.
Awesome.
Okay. That's the overlap theory.
And how it can be hopefully used to clean out the slow waive activity so you can see the ABR. Now there's another theory I will quickly just go through it.
It's that our brains like to oscillate. Just generally.
So it might not be overlapping. But it just



likes to oscillate. We have alpha rhythms and delta rhythms when we sleep...
So there was a another theory that doesn't really match with the -- sorry. There was data that doesn't match with the super imposition theory. And I have collected data like this and published on it.
And I agree. It's probably a bit of both. You are super imposing this NAPANBPB waive form but it's really the oscillation -- this -- this wave five NAPANBPB, that's just really just natural oscillation in a short little two cycle. The brain likes to oscillate. We measured this in monkeys and cats and rats.
Okay. So we have this nice little THALOMO cortical...I find the natural frequency of the table it will oscillate and my wrist. So that's -- I do two cycles of it, when I hit it once. If I keep going it will keep going until I stop the stimulation.
So this comes with intrinsic rate. There's a natural oscillation of the THALAMO cortical loop which is true.
So reason why I mention this is, if we look at the theory, why doesn't quite fit the super imposition is when we do the recordings and put on a pulse and oscillate 40 Hertz, this is 40 Hertz steady state



response and look at it filtered wise, it doesn't come up and go on to plateau aft the second oscillation.
If super imposition was correct, because first PA and second PA should get you to the max amplitude right off the bat but it doesn't. So there's this kind of delay in pushing the system to its intrinsic rate.
There's evidence to say you have intrinsic rate or you will see the red envelope but you see the black. The system needs to get up to speed and driven. Super imposition doesn't quite fit.
I showed you this but here are more data tone ABR [reading].
Here is 500 Hertz. That's wave five that's been marked there.
This is a very common thing we see in adults.
That's because this is the PA waive form with a little waive five over lapped on to it. For a thousand, two thousand and four thousand Hertz we tend not to get this huge overlapping response.
We don't know exactly why.
It just seems to be when we put in 500 Hertz stimulus the THALAMO cortical loop loves to activate...there's a steady state response here but it's not large. Don't know why.
No one has investigated it. Post dock we looked



at it.
Funny thing that came out. Why 500 -- gives you
the biggest 40 Hertz. Let's always stimulate at 500 Hertz. ...use 500 Hertz stimulation. Don't use 4 thousand Hertz.
Bernard and I were like shouldn't we look into it. May be. I left and Bernard got a position there and did something else. Interesting thing. I don't know why but we do see this in the clinic. This profile. [Reading]. There's no real steady state here so this is not steady state. It's just noise.
And people say there's no response in there.
No, that's not correct. Know your physiology.
Multiple sounds. Now I think I told you the caveats and now you know the physiology. Get into looking at what is happening in the cochlea. If we put in 500 Hertz stimulus, 81 Hertz...[reading] this is representing probably the distribution along the cochlea which is the stimulus is activating that cochlea. This is representing the travelling wave for the 500 Hertz. Put in the different stimuli and you see a thousand Hertz here, 2 thousand here and 4 thousand here. There's some activation here. Isn't there?



Right where the thousand Hertz overlaps too. Remember two tone suppression?
Put in this the single tone get a nice big response. Put in another tone. Suppress it out. Interactions we call that.
They become somewhat problematic but for the majority of the cases, majority of the situation, we can at least isolate -- activate different parts of the cochlea.
As long as our center frequencies are separated by about an octave. If I went, one thousand and 14 --1414, yeah, that's the half octave up, then you will get a lot of two tone suppression. So a lot of reduction in both cochlear activation. So we don't want that. Want to the keep the center frequencies at least an octave apart so don't get masking going on.
If you do do this, you can get four different activations and you see that in the FFT of the this here...
If we zoom up, there's the 500, 1 thousand and 2 thousand and four thousand. That's modulated at 81,
89 and 97 and 105 so you can think of this as light switch on, light switch off. See this being large here.
Nice response.



So here the interactions, two tone suppression...you get suppression here.
We have to be worried about that.
In a bit. As long as you keep it one octave apart you are usually good.
So this is some stuff my earlier PHD stuff showing when you put in a single stimulus you get amplitude like this [reading]. When you put in multiple stimuli in one ear, you don't really see much in interactions.
There was nothing significant. And if you put them in both ears, again, nothing significant.
Okay.
However, when you put in -- well, actually, I will bypass that. Making the same comment.
There's a aspect of if you put in four different stimuli in one ear should be four times faster.
There's relative efficiency. If I put in one ear I will get a larger response so need less time to record. If I put in two, now the amplitude dropped down because the interactions are happening. There is relative efficiency. Multiple is more efficient if amplitude is...[reading].
It's just math.
So this is what Maxine arm strong looked at to



look at different frequency modulation rates but just look at the 80 Hertz here. If we put in monotic single get this large response. Dichotic means one per ear you don't get anything different.
But if you put in monotic multiple, so two frequencies in one ear or four, you get these interactions and you see the amplitude drop.
So what about interactions in infants?
This is done actually Jennies thesis looking at this versus single versus monotic multiple. This is pretty much absent when you put in multiple stimuli. For the thousand you get this nice peek but it's a lot less. [Reading].
So when you put in multiple stimuli you get this interaction happening and it's happening in infants even.
So basically all of this is saying, putting in multiple stimuli, smaller response.
Smaller response means more time needed to record so less efficient. So you don't get 8 times faster because you have to record for longer.
That is the big thing. Be faster. No. So that's what these slides are saying. This is same thing.
I won't go on about 40 Hertz interactions again.



Same concept.
Little bit less. Okay.
Now there was some thought about okay, how can we improve this if our interactions are happening, can we use stimulus that would make the response larger?
So at the time when they were doing amplitude modulated tones there was known phenomena about modulated frequency...you get steady state response. So let's combine them. AM and FM at the same modulation frequency. So you have amplitude modulation at 80 Hertz and large response and add FM which will make it larger and it works.
Or we can do something called AM squared which I will may be draw that.
Yeah I will draw that. AM squared stimuli, what is happening is -- hope I can get this. Sinusoid for modulation of its amplitude.
Sine waive. May be I should draw this better. Down lower.
Okay. So that's the modulation. Sinusoid. AM squared is you is square the function, so this actually -- the modulation envelope ends up being like this.
So you have faster rise time.



And that ends up creating a larger response.
Any time you make a faster rise time or you shorten the duration, what happens? Shorten time? Frequency? Spreads.
Right?
You have big water balloon. You can compress it. Squish it. If I tighten in time I spread in frequency. AM squared is activate larger parts of the cochlea. Larger response. Recruiting more neurons.
DUH.
All right.
Another aspect is to improve efficient is weighted averaging. Have I taught you? Some clinical systems have weighted averaging for ABR. This is general knowledge for what weighted averaging is.
I had some good slides but don't have them on this computer. I will draw.
I don't think they are on this. No.
So if I have multiple -- that's one sweep. That's second sweep.
That's another sweep.
So I have multiple sweeps. Now ABR land.
Imagine you are trying to look for waive five in here. Probably have no clue where it is.



So what you can do is average all these together and when you do that, you might start seeing there's a little wave five somewhere.
So that's if you make these all equal. Weighting. That gets one value. One value.
So four. Take all of those points and divide by

four.



Standard averaging.
Or I can say, this guy has a lot of noise in it.

So I don't want that to be overly shadowing this so I will weight it by.25.
This one looks pretty quiet. I will keep it at 1.
This one is looking pretty quiet. May be touch noisier so I will weight it at.95. This is noisy. So I will put it down to.15.
And now you add these up and you divide by --sorry. You take this waive form and multiply by.25. Makes is smaller. That stays the same. This tiny smaller, and this a lot smaller then do the averaging. These two have less contribution to the overall average. That's called weighted averaging. How gets these numbers? Eye balling it? You usually take the variance. So this is the mean.
And you take how much the variance of all the



little points, and you do one over the variance. So 1 over the bar gives you the weight.
So if variance is large, the weight is small.
If variance is not very big here, so the weight is higher.
So really should be called variance weighted averaging but that's really hard to say. So just call it weighted averaging. There are other types called call man filtering but it's embedded filter as well.
That's viva sonic has it. It's a feature. I just wish it had other features in there because when the patient is noisy, weighted averaging can be really helpful. When the patient is not noisy -- weighted averaging can be slower and if everything is small, in variance, your actual signal is also being reduced.
So you are reducing the signal every time you apply weighted averaging in a nonnoisy condition.
So it can be problematic.
That's weighted averaging in a nut shell. Back to steady state responses.
If we take a look at this one subject, this is amplitude now is on the X axis here and this is the number of...that have these amplitude. You see they span a long range of amplitude. Up ward to -- 3 and a half micro volts which is quite large.



So that means this baby or whoever this subject was had fluctuating noise. High and low and moderate. So this is what we consider as being a noisy person, noisy subject.
When you do this standard averaging FFT you see background noise. Hard to pick out the peeks. We can go to the forest and tree analogy. We have a bunch of forest and trying to figure out fir trees and want the birch trees.
Birch trees are usually nice sticks. Grow like
weeds.
And we are trying to look at them through a fir
forest. We have to cut the fir forest down. Now we see the forest floor is lower and can see the birch trees sticking out. This is when weighted averaging can be helpful. If we look at subject two, not much distribution of noise or variance, all pretty quiet, there's the standard averaging which we can see nice little trees popping out and there's the weighted averaging.
Not much different.
So weighted averaging doesn't help much at all.
So but when they are noisy it does. So I have a love hate with weighted averaging. I love it because when it's -- the patient is noisy it's very useful.



Although if you look at small signals it can reduce them to below the noise floor so in my hate part. All normative data now is based on nonweighted averaging. I wish they had started weighted average way back. Any way.
But it can be useful. Take a break?
Yeah. Five, ten?
You will say 7?


STUDENT: I was going to say ten.


INST HERDMAN: Okay.
Yeah, let's take ten. [Break].
INST HERDMAN: Good?
All right.
More stuff about stimuli.
So this is just general comment.
Payment is always due or there's nothing for
free.
So we can try to make a larger response but you
can't just magically make a larger response and not have a consequence to that. If you do AM squared



stimuli we will spread out the frequency of the content.
So that means we have less frequency specificity. Same with FM stimuli. Have slightly broader frequency spectra. If you look at Sam tones you have a fairly discreet acoustic specificity. [Reading].
But the AM, FM ones you see there's a spread. You are recruiting more cochlea. So less frequency specificity. You might not want to use AM, FM stimuli if using...AM squared is you also get this broadening because like I said, you are making a faster rise time.

STUDENT: Sorry.
SINE is --
INST HERDMAN: Sine. It's a sine AM squared function.
So yeah, there should be advantage over using mixed modulation. This is data showing that. This is showing at 40 dB. This is the amplitudes that you get for the carrier frequencies for the response amplitude for...when you put in a single frequency per ear.
For a.m. When you do mixed modulation you get this. You see the advantage of having the AM, FM stimulus.



That's because you are spectrally spreading it.
Single one in each ear we see there's amplitude advantage -- sorry for the AM, FM compared to the AM or AM squared and at 80 dB amplitude advantage for the AM, FM. Like, we should do that stimuli, let's use it. Keep in mind this is when put one in per ear.
Four per ear -- this is monotic single I showed you the results before. When put in monotic multiple, the amplitude advantage disappears.
Why?
Take time to work it out. Brainstorm.
Shout out a wrong or right answer or a whacky answer. Why do you think this AM, FM advantage goes away?
One per ear, four per ear.


STUDENT: Suppression? INST HERDMAN: What?
STUDENT: Suppression. INST HERDMAN: Suppression.
Because now you put in four. But why is it --why does the AM -- that's -- AM has suppression too. Right?
You are right with suppression though. What was the advantage?



Give you a hint? Look at the spectra.
AM, FM recruiting more cochlea so that gives you advantage.
If you put in one per ear. Four per ear, there's more of suppression effect so what you gained by spreading activation you lost by interactions.
What do they call it? I forget the term.
0 sum game.
You get amplitude advantage, getting larger response, then you get interaction because of the amplitude advantage when you put in monotic multiple. Disappears.
So yeah, makes sense but because of the greater interactions now, in these side regions because you spread the activation, the...disappears. Magic again.
So keep in mind when you think you can get something, there's always a cost to it. Always some cost.
And that's just the same -- saying the same thing. This graph is saying the same thing as before.
Oh, sorry, no.
This one is saying relative efficiency between AMFM and AM squared. Relative efficient is better actually for if you use AM squared or AM...they tend



not to go with AM -- FM.
So told you from the beginning steady state is being toted as this great thing, new technique that will throw ABR out the window. Just use steady state.
And there is some research which I will show you next week, because we are getting at aspects of threshold and how well steady state responses match with behavioural thresholds, and it's nice, got a high correlation. Awesome.
Rance and Rick stuff but...false positives. So putting your EEG and bone conduction 500
Hertz, if you low pass -- this is the signal.
See how there's some oscillations still going on. This is not the brain. Just acoustic signal.
Why would that happen that we still get that?
It's because at very high intensity, the transducer is not always in a positive to negative --there's asymmetry to it. If I put in rarefaction pulse I get this. If I put in condensation pulse, I get that. See the difference? In amplitude? You when add them together you are left with the rarefaction. And because of the nonlinearity of the transducer that amplitude will end up also basically looking like a rectified signal.
Like action potential.



Simply because of the stimulus transducer itself being nonlinear like our hair cells are and our action potentials and auditory nerve fibers all nonlinear process, that creates the steady state response so you can put the transducer on a dead brain and you will get a auditory steady state response at high intensities because of the nonlinearity of the transducers. That's what this is showing.
This is bone conduction ASSR artificial results.
This here is a nice steady state response showing a nice clear response being present yet the subject had profound hearing loss and this bone conduction was presented at 50 dB HL which is the upper range of the transducer pushing it into the nonlinear state. That creates the 80 Hertz response. Nothing to do with the brain.
Kind of problematic, isn't it?
So with the person you can say response present. They don't have severe to profound hearing loss. It's moderate and then you fit a hearing-aids on the kid, see the problem?
Yeah. So you will fit a hearing aid for 50 dB but it should be 90. You under amplified the kids. Not what you want to do. This is the nail in the coffin. Susan's work. She said steady state is not



useful for us. They could be useful if not pushing the transducers into the upper limits...
Okay.
This is just saying what I said.
These are the number of percent of number of responses in individuals that severe to profound hearing loss. These bars should all be 0 basically and they are not.
So you get artifactual steady state response. For bones conduction...think about the transducers. It's just a diaphragm. Just a piece of fabric in a way. Pull a speaker apart? Its rubber diaphragm and moves back and forth...the plunger doesn't like to go in one direction and the other direction when you hit it with a very high current. There's nonlinearity in the transducer and it create steady state response artifactually. So they do this now in severe to profound using air conduction...at 110 I think you will end up getting responses that are not real.
People are profoundly deaf.
They have no hearing at this level tested behaviourally.
Yet, they are still seeing responses multiple responses.
And then if you look at the literature, it looks



like many of these especially this one actually likely have artifactual response...can't test up to a high limit.
That's basically saying the same thing. Spurious responses [reading].
There could be one that's physiological.
That's likely not auditory. That's this thing call the N three response that comes from the vestibular.
So if we put in multiple stimuli per ear and oscillating stimulus, we can end up getting responses that you would see in the steady state that we think are due to auditory stimulation of the cochlea.
But it's really auditory stimulation of the vestibular, especially with low frequency stimuli but -- positive is up here. See this -- looks like a compound action potential like doing electric...this is called N three. When you see this you should be worried that it is vestibular.
So this -- you can do this to tones. There's 2 thousand Hertz tone. A nice N three. It tends to only happen at about a hundred dB and above. The kids could have it at 90 or 95 dB NHL but around a hundred dB NHL we start seeing it. That's a recommendation why we don't go beyond 95...we can't be certain we are



not activating the vestibular.
Because you can see here, see this response?
This can be mistaken for a wave five.
But it's really vestibular response.
Which makes a difference because you can say they have residual hearing. Go to the CI team. They have residual hearing at 95 dB, we will wait and see and put power aids on and you changed the tragedy of the management path way because we use steady state responses and said they have response at 100, 110... they don't have actually any hearing and there's no nerve fiber with imaging. That's concern because they can't use CI for that but you said they had residual hearing. So just note it. We shouldn't use steady state and if you see this N three you should be questioning, concerned with that.
This slides has not change over a decade. Steady state research has been flattened. With everything. There's a new trend. Everyone like it and then Peters off and this is the static level in which is meaningful.
That big peek that everyone jumps on. Band wagon. Like everyone loved hockey. Last couple of weeks. I still like Canadian but I don't like hockey.
Sorry for those who are hockey fans.



I can appreciate it but not a fan of hockey but you jump on the band wagon and status quo comes after. We had all this research done and then is died off once nails have been put in the coffin like we shouldn't use this for doing threshold testing. So these are bunch of things that we still have to work on. Especially in the stopping criteria. I will show you about the mini assignment in ten minutes about, I came up with this, just of all my work, 8NAN volts seems reasonable. Let's use that. 8 out of 10 should be statistically reasonable and I did a analysis stats on it and turns out six out of ten should be more efficient but because I said 8 we stuck with 8 and it's conservative. Get you...a lot of this, the criteria is like a guy like me making it up in the lab in the basement. Then we look at the stats.
So we have to handle the issues with false positives.
So and then the issue about performing multiple stimuli and interactions and is it much more efficient? And then you will have to do ABR any way because if you get high -- severe to profound loss?
Not...steady state...once they fail the OAE screening or whatever the actual screening program that you have, it's usually OAE or automatic ABR, if fail that,



do another quick screen by two kilohertz in one ear and switching and the other. That's the screen.
Part of the diagnostic and part of the screen.
If normal at 2K in both ears likely they will have normal across the bored on average. Most kids you have in, 70 percent depending on the screening program, 50 to 60 will be typical hearing.
So that 2K in both ears, quick, right, left, that's a screen. Now in BCHP we have it you can put in steady state response and four in one ear and four in the other and screen right away. Makes it a lot faster. Typical kid once you do that within five, ten minutes they are done and out. Two K and 500 Hertz and 40 thousand Hertz for ABR you are looking at about
20 minutes. So 5 versus 20. But if have a hearing loss you spent five to ten minutes doing steady state and now have to do the ABR. Trade off. We don't have the stats to tell you which way you should go. Which way is more efficient. Most clinicians don't bother steady state and go to ABR. Flip of the coin almost you will need to do ABR.
Want to do mini assignment four and if time left over part of next week? We will do five minutes, when you get SimHERA up and running, I will -- do you want to go to the other lab?



We are good? Okay.
Now, Hannah you said there was a problem with the case.

STUDENT: I figured it out. INST HERDMAN: It worked?

STUDENT: Yeah.
INST HERDMAN: I'm like, not another update.
Now watch me glitch.
It allowed you to do that?
STUDENT: Yeah. And then it wouldn't -- I couldn't change it so I left it.

INST HERDMAN: Students always find ways to -- okay.


STUDENT: I loaded the case file you up loaded on the Google drive, when I loaded it, told me it's birth day was 1954 and it was a baby.
But today's date is 2024.
INST HERDMAN: Must be a glitch in saving. STUDENT: I just did it as is.

INST HERDMAN: You can't change the birthday, that's on purpose.




STUDENT: That happened to me too.
STUDENT: But I opened it again, and it's fine.


INST HERDMAN: Want to all follow along? Good? I won't load the case.
We don't want a Benjamin button. I will show you how to get into the steady state module. I forget to -- I don't know if -- did I put it in the video? I can't remember. Sorry if I didn't.
It's a small spot down here under recording parameters. AP types.
[Reading].
If you click on ASSR, it will bring up -- now we are in the steady state module.
If I wasn't in there, I will back to here, load case, mini assignment four, hope this loads.
Mini assignment we will do quick auto apply.
Start session.
We are still in ABR. I thought it went straight to ASSR. We will go to ASSR.
Scroll that down.
This will look a little different because we are using different high pass and low pass settings.
Stimulus waive forms. This is what I wanted to



show, so you can present multiple out. [Audio playing].
So you can hear that. If you had head set on you would hear slightly different roughnesses in both ears.
We can go here. Turn them off. Left, right. [Audio playing] you can hear the roughness.
Left on left.
Okay.
Now, in SimHERA, what you can do, I didn't show this in the video but you can see how those stimuli are activating the cochlea by saying view coke and see coke activity. Takes a while to load. And you can see how the multiple stimuli are creating little peeks that's the cochlear travelling wave you can think about it.
And we can even turn these guys off.
You can see how those responses come in. And you can see how the interactions happen.
There are not many interactions but if I turn this on, this will change. Went from 18 to 17.
Because I add this one which will cause some masking of that response.
So if I turn this one off, that should go up. So that's showing the interactions that are



going on.
And bit of interaction going on there with the higher frequency but not much.
So the cochlear gram, these are called that, can help you understand interactions.
They are modelled that way. Okay.
Go to recordings.
And everything looks fine. Stimulus is on. Nothing is going to up date here. Acquire. [Audio playing].
Ignore that.
Because we need to be collecting...net box...when that gets to 16, 16 at box per sweep. 16, takes 16 seconds of data and does FFT of it. That's the FFT here.
And this is a zoomed up part of the frequency so it's scaled. This is the actual full FFT. So lower frequency energy for lower noise you see.
And that's the region which we are looking at. We can just click on frequency and it autoscales to that. Each of the dark coloured line is a stimulus modulation frequency and we can start to see responses coming out, stimulus one two three four. [Reading].
For the left ear. And it is showing it for the



right. Even though it's the left channel. That's because the generator...central mid line. So both channels pick it up almost equally.
So this is the right channel recording. Right mastoid to CZ.
Left mastoid to CZ on this side.
So if there is a response present in either one of these channels, it's a response present.
So now at 6 sweeps so I can go view p-value is per sweep. You see some are coming in at significant. This is the criterion in pink. This one, stimulus four, four thousand Hertz is not coming in well for being significant. These are yellow boxes. The P values. Yellow now because we have not met this second criteria of a response being present eight out of ten consecutive sweeps. False positives. .05 means ever sweep we do we have a 5 percent chance of finding a false positive. That's one in 20. If we do 20 sweeps at one frequency one will be significant by chance.
That could be a false positive. But we say kid has normal hearing at 40 dB which would be wrong so we put in the second criteria to be stricter. 8 out of ten. So 8 different sweeps have to be significant in 10.



That is a statistical improbability of having a false positive. Gets down to a point 000001. So we can turn this to being.000001 but people don't like that so we put in a second criteria.
So you can see here now that all of these except for stimulus three here has given significant response.
So I can hide these.
And just look at stimulus three here.
If you wanted to. You can look at the right channel, over lay. We have to wait for this stimulus three to come in.
Now for the right channel, all of them came in. All four frequencies have come in now so significant in the right at all four frequencies.
So how the F stat is calculated, something I haven't talked to you about yet, it takes the amplitude so I'm actually -- I will have to show you in monotic single. It takes this amplitude here which is for number one, 46NAN volts and compares it to the average -- the blue...takes the amplitude of those over all the sweeps does the...this noise and says, is this line here larger than the side bin noise?
Doing analysis of variance.
So how did this vary across all the sweeps we



collected versus the side bin noise. How does it vary? And if the amplitude at the modulation frequency happens to have a greater variance, you will have a greater F stat and that F stat you can look up on a table and see it's significant and that's how you get the p-value.
So I have this one big peek here.
But this peek is not always there. Each sweep it might there, there, there, there, that's basically creating -- if you think about this as distribution, that means it has some variance.
Sigma, all these guys also sometimes it's there and there and sometimes there.
So this also has a distribution.
With some variance. We will call that noise and we will call that signal.
So the F statistic is the variance of the signal...[reading] whatever the value is look it up on the table and we get a p-value.
Completely objective. That was a another benefit of the steady state responses.
We didn't need to teach you how to look at a waive form.
You don't need to recognize a steady state response in a waive form.



You don't need to do anything. Press a button and it will show greens and yellows and reds, red for no response. That's how automatic ABR is done with clicks. Green light, red light. Pass fail. It can be pass fail, meaning response present, response absent. You can automate the entire thing. It can give you thresholds.
So you just press a button. Go away. Come back. Hour later. Thresholds are done. That would be awesome. But put pediatric ABR specialist out of a job but you know, so that was the whole intent. Not the entire intent but a big part. So it's objective. So someone starting off like you will be, go on practicum and like I don't know what I'm doing. I don't know if response is there. May be. You will have the senior clinical educator going, there's a response there.
Just say yes and move on. Right? So you will have the differential between novice, new, low, low case ABR, and you will have the senior like Jenny and Heidi and ana who are like they have done over thousands of them.
And they are just like response there. Next. Move.
So they are a lot better at it. Whereas this



steady state system was supposed to replace that.
Given all the caveats I told you about, it doesn't.
So yeah, this is already stopped because it met the criteria for all responses being present in left and all responses being present in the right. This is screen saying 40 dB likely typical hearing. Took about five or ten minutes. You can figure it out.
We had 21 sweeps. 16 sweeps per second.
330 divided by 60.
Took five.6 minutes. 40 dB. Normal. Out you go. Probably about 10 or 15 minutes to do that ABR wise.
So cool.
Steady states are cool. Love hate thing. This system is the way that I created it in
SimHERA is very similar to old system called biologics. IHS system a lot different. In how it's visualized.
Personally I don't like it. That's just my personal opinion.
I like this old ways probably because the --used to be called the master system.
It's what I use for my PHD work so very familiar
to me.



But I think it's pretty intuitive.
You have the stimuli right under the responses.
So interacoustic has a steady state response...and IHS and are all under the same principle of you are looking for some signal, amplitude that's greater than some noise and gives you objective p-value.
What else did I want to show you? What else do you want to know about what is in here?
Sorry?
STUDENT: I don't know.
...


INST HERDMAN: Oh you have a glitch. Okay. I will fix that after.
Yeah. Yeah.
Anything you want to know about steady states?


STUDENT: You prefer to do ASSR for screening rather than ABR?

INST HERDMAN: Rather than automatic ABR? The research shows they are comparable for the screening so comes preference of your clinical program.



People were doing automatic ABRs before so I think that's why, bit more robust. Some suggestion that steady state responses will cause more ANSD fails.
So meaning, failing screening.
But I don't know if literature was really clear on that.
Because steady state responses kids with ANSD, you have to track ANSD you have to track -- that's me trying to draw -- this is a gap.
And ANSD they won't follow the gaps.
And so they will create responses still in here.
So you don't get this modulation following response.
So they don't tend to follow so they are steady state responses and ANSD are smaller and probably fail the screen. But click, they can still pass it.
May be. May be. Not always.
So some people suggest that the click is more discriminative. So yeah.
30 years of research. Still so cool.
I wish they turned out.



That's life.
So if this is the mini assignment, save the case. And then save the report.
Like that.
And it will save the case report and also any of those files. If you have multiple files -- I will turn this off and record another one.
STUDENT: Mine didn't save all the files. STUDENT: Yeah.
STUDENT: I had to do a screen shot of that page.


INST HERDMAN: Really?
STUDENT: If you do save page it will -- yeah.
Yeah. I had the same thing.


INST HERDMAN: Oh.
Okay.
Mine did when I did it in the video.
So I will overwrite this and it should save.
It should save both. This one and then go to the next one.

STUDENT: It just shows up at this front page.
That's it.



INST HERDMAN: Really?
Apparently I disabled it before it would work.

Okay.


files.



So for your assignment then you will up load two


You can go save page, to save that. It will come up as that.
So hand in two things. Actually, you don't need

to hand in two things. Just hand in that. I don't want to see the case report. Just hand that in. All that's I want to see. Did you do a recording. That's all I want to see.
I don't know why it didn't scan through.
Wonder if I turned off that feature. There was a lab last year where we had multiple recordings. It still is this year.
And we didn't want to record every single one. There is no standard in clinic any way.
The standard in the clinic is to go back here to the case report and if -- in here, you put in their thresholds.
Because in essence, seeing this, multiple files, is hard to do on -- have a lot of sheets to do it.
But screening fine but if you have hearing loss you will have like ten pages.



But I will probably fix it and there would be probably another up date. As soon as I try to fix something I break something else. That's it.
Do you want to take this time now or do you want a break and next week we will do the clinical aspect of steady state?

STUDENT: Break.
INST HERDMAN: Okay. Lots in your head. That's it for today I believe.
That's what we were supposed to cover. Yay. Hand in that stuff, yay. Go have a good lunch.
Enjoy the not so rainy wet weather. Right?
Not raining out?
And -- oh, 515 midterm. Right?
So you don't need -- I will post when you will come in.
So it's ten minutes.
But make sure be here five minutes before. I usually go five minutes later but just in case, yeah.
I will give 15 minute blocks but if I can go through faster, that will be better. So show up five minutes before.
And I will do it as random generator and put it on the announcements.



Unless someone has a real big objection they don't want to go first.
Sometimes it's in your benefit just FYI. Because I'm not exhausted.
But it can be that I get a second wind and the later ones are better.
All right. Okay.
See you later.
[Foreign language spoken]. Anyone speak mandarin?
You do?
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