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STUDENT: I have the merch.
This is the order.


STUDENT: Did you get yours? STUDENT: No.

STUDENT: They don't have mine.


STUDENT: What did you get? STUDENT: Black one.

STUDENT: Quarter zip.


STUDENT: Up performative male.


STUDENT: Do you feel smarter? STUDENT: With the glasses too.

INST HERDMAN: Got your swag?
May be that will be my next purchase. Everyone have a good wet transportation in? However you got here.
Test.
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All good?
Not an excuse. Yes.
STUDENT: Ignorance is bliss.
INST HERDMAN: Best under rated movie was the matrix, when it first came out.
Okay. Sorry. I was a bit late.
In the lab. Oh goodness. I have to get to
class.
It happens.
We are doing four and five lecture today. No
sorry. Three and four. Sorry.
Sorry. Three and four.
We have a new student auditing. Want to say hi?

	STUDENT: We know him.
	

	INST HERDMAN: You do?
	I don't go way back.
	You know him

	better than I do.
	Great.
	


So doesn't need to introduce. Okay.
Let me just -- okay. You watched the movies.
This is slightly different than the what is in the movies.
But it's the same information.
Then I have another thing to show you today of a paper that just came out four days ago.
Actually from a PHD student here at UBC.



Which is important for some stimulus parameters that we will talk about. Okay.
Yeah okay.
So stimulus parameters.
I will be saying a lot about this stuff as being highly highly important to your clinical work.
And I will preface it by the end result. The end result is to find something out about that child or that patient.
And you are trying to assess their hearing.
And we need to do that in the most evidence based practice that we have.
Well it comes down to your stimulus. What stimulus are you using, what sound are you putting in the ear. I'm testing 2 thousand Hertz. Am I really? Yeah I believe I am.
So then when you get a response back from the patient -- what if the stimuli is not testing 2 thousand Hertz? But you think they are?
You will be miss detecting their hearing levels.
That happens more often than you want it to happen probably.
And it really comes down to the stimuli that you are presenting.
I go do something, get a result. Was the thing



I thought I was doing giving the result I want?
So it's your confidence in belief. The stimuli is really important. And people just wash over it.
Just something on a computer or soft ware. I press a button, everything is fine. I trust the manufacturers.
Do not trust the manufacturers.
They are there to sell you a product. Most of the time, they get things right. Several of the times they get it wrong.
It's up to you to know the literature. That's why we are here to talk about this stuff.
There are stimulus parameters that the manufacturers set up by default and they are incorrect.
And different manufacturers use their own manufacturer defaults so you use one system to test the same infant and another one to test the same infant and you get different results. Who is right? Evidence based practice.
So not that I don't -- manufacturers are great.
Providing you a good tool and service. As long as they are based in the evidence and science.
Okay?
So hopefully in your head. When a manufacture



saying I have the best product. Please use. And you will be like I know the evidence. Are you doing this and this? I don't know.
Well, then I won't use it until you know. If you don't know, I don't know if what you are doing is correct. A lot of times the manufacture put in a black box and you heard Laurie an talk about black box? It's all...proprietary stuff. She has to figure out what they are doing. Because they don't tell you what they are doing. Because they don't want the secrets to be out and lose sales. So good thing about ABR, electro physiology, manufacturers will tell you what they are doing. Great. They will tell you the standard deviation...but if you don't ask they won't tell you. Stimulus very important.
Review.
We have all done click ABR. So you know wave one two three four and five.
See my desk top. That looks familiar. It's actually the flip of the golden ears. So the golden ears are in Maple Ridge area.
I was on pumpkin patch when the kids were young and I looked and that looks like the reverse of a click ABR and there it is. That's fine.
So this was Terries and David had a similar one.



That's mine.
So those are the golden ears. They look like that and my brain flipped them.
Okay.
We have gone over the generators. Picking
peeks.
And the picking of the peeks is kind of
important. We did go over that a bit. How draw the eyes from the valley and then back wards.
There are different ways to pick the peeks.
When doing more cortical auditory evoked potentials you can see this or -- all depends how you define how you will pick the peeks. You already defined it for ABR. Come back this direction and up.
This is just review.
Stimulus parameters. Why is this important?
The stimuli we need to use for doing electro physiology is need to shorten the stimuli. Need multiple trials. Behavioural audiometry you present it may be five to ten times at different -- but usually two or three times at the same frequency.
Well we need in ABR two thousand.
So you can imagine presenting it for one second would take a long time and the brain stem only integrate the first ten or 20 millisecond of the



stimuli. Presenting for longer doesn't really matter. You still get the neurons firing in the brain stem the same.
We can shorten the stimuli. From 514, when shorten the stimuli we spread the activation in frequency. Called the time frequency trade off. Shorten the time, expand the frequency. If doing a click here, which is a very one micro second pulse and this is the electrical signal, it has a spectrum. It has a brood band spectrum.
This happens about week four they start to figure it out.
Excuse me. We have a class going so the next time I will have to talk to the instructer. Thanks.
Terse on that one. Okay.
Electrical spectrum. We have broad band. Now going through TDH gets pretty good representation but this has a filter in it. It's just -- diaphragm so elasticity and mass. Has a certain resonance and filtering to it. Whenever you a put a square rate pulse in to TDH you get this from a brand new...has a bit of ringing which I will get to. But also shows a nice broad band spectrum with a little roll off. This transducer can't pass energy above about 8 kilohertz.




Now here are the inserts.
You can see now that doesn't look like a click. Or like the electric signal.
And it rings for more. And that's because the diaphragm is smaller. Different elastic and mass properties. So you get this filtering going on and ringing. That is the frequency out put. Still broad band but has a sharp roll off at 3 kilohertz...the roll off is about 4 kilohertz so you can't pass six or
8 kilohertz. So again that's knowing the equipment. You can put in a click into the head phones and if I thought I test the 8 kilohertz regions I'm not. Not much energy at 8 or 10. I have to use a different piece of equipment...two Cs now.
Two As and they do pass energy like the TDH so can get up wards of 6 to 8 kilohertz. Know the equipment and know what can happen. You need to know what is going into the cochlea. The other thing is inserts have a tube. Transducer into the ear canal. Has a certain length and sound takes time to travel. Delay and that's about one millisecond for the standard two points.
So the TDH is basically instantaneous where the ear three As and three Cs have this delay.



Something to note. Stimulus intensity.
Have you had calibration? Lab? I think you get that next term. Fall.
With Doug.
I will teach you about it a bit. It's important. How we calibrate stimuli, take a sound level metre and connect it to the inserts. Well it has inserts and TDH. Or we can connect it to the TDH using a coupler. When we present a long tone typically we see that here, continuous tone, we get a sound level measure and you have this peek to peek measure but the sound level measure in RMS which is that solid line you see here.
So you had have peek to peek but this is called the peek equivalent line which is what the sound level metre reads, rms value.
Now let's say it's 60 dBs.
What we want is that we want our click -- coming from the TDH head phone, if measure the RMS of this value we get the same peek equivalent SPL.
But it doesn't have the same peek.
See this value? That's its actual peek value.
It's larger.
Base line to peek. But we want a peek to peak



equivalent. That's the energy that our ears will detect. It's a peek to peek. Not just peek. So on a sound level metre you can select peek if you click A I got a lot larger SPL. May be 68 dB SPL or 70.
Whereas click B because base line here is pretty close to the base line there you get 60. This is peek to peek equivalent. We measure continuous tone and get a reading, look of it on a screen. Oscilloscope and put in the brief stimulus and match the peek to peek --match the peek to peek, positive peek to negative peek, now that is equivalent to this tone. This one is now equivalent to that tone.
That's called peek to peek equivalence. That's how all your brief tone stimuli are calibrated.
That's how most technicians should calibrate the stimuli. PSA or warning, your technicians sometimes don't do this.
So if you are going outside BCHP, BCHP takes care of your calibrations but if you hire your own technicians to do this, make sure they bring oscilloscope and you ask them to measure the peak to peek equivalent. If not they will just may be measure the peek and you can be off as much as six or 8 dB.
So your thresholds of all your patients will be under estimated usually.



Because they improperly calibrated the stimuli. Now you see the importance of this.
Now you just done under estimation of hearing threshold. You don't want to do that. When you go to amplification you won't give them as much and if adults they will be like it's still so quiet. You can adjust from that. Or give the option of volume control. Infants can't tell you it's too soft. If you hire a technician that knows the job you will be fine.
But its up to you. You are signing off on the paper what the audiogram is. Not the technician.
It's important the stimuli is calibrate properly. I was surprised not all clinic in the world know about this. There was a work shop and international conference and they were just surprised that we did that. I was like what do you do? They were like, RMS value. Which is they take the RMS value of this and that's not the peek to peek equivalent so very important.
Sorry. Turn off the ringer.
I will spend time on it because stimuli --that's the foundation for your testing. You don't have good foundation you won't build a good building.
Rarefaction condensation. Rarefaction, one



direction. Condensation in the other direction.
Okay. So stimulus types. I will show you different types as well after break.
This is the square wave windowing of a short tone burst. One kilohertz tone burst. Five cycles. This is the spectra. Has a central peek...this is just what is called third octave filtering so take the peeks of all these.
You can see the spread out. Doesn't have nice valleys. This is two on two. These are commonly used most commonly used for testing tone evoked ABR.
It has two cycle rise, one cycle plateau and two cycle fall. The reason is if you do a quick on set, so we did in 514, you are basically needing the extra frequencies in there to be able to allow the stimulus to go straight up.
If you ramp it, you are not allowing those extra frequencies in there or you are removing them by ramping it up almost filtering it. If you temporally windowing you are adding filtering to stimulus. The side lobe energy is lower than the square windowing.
This is a linear ramp. Two on two. So the side lobe energy is really important. We will see when we get into steep sloping losses.
And then here is a black man gaited tone...has a



slow ramp.
Almost like a SIGMOIDAL ramp. Like this, linear like this.
So this gives a bit more reduction in the side lobe energy.
But you can see that the main lobe is wider. So it's a balance.
Always a trade off.
Now two on two and black man gaited tones for ABR the place specificity where activated in the cochlea is almost the same. I won't get into this.
Don't worry about valley stuff.
Just know that the ramping makes a big difference. This is showing this. Brief tones. If a faster rise we have more spectral spread. There is a slower rise and fall you see the spectral spread is lower. The slower the ramp the more frequency specific you get.
STUDENT: Repeat.
INST HERDMAN: Slower the ramp, more frequency specific.
The reason why this is important is because if you remember the travelling waves, this is frequency specificity, when talking -- some people will call it acoustic specificity. I like that term. Acoustic is clear.



It's the acoustic environment. It's stimulus.
And then place specificity, clear. It's where on the cochlea. Place specificity has taken hold.
...defining the actual what is the specific it
is to.
So if we look at the travel wave for this 2 on 2
tone we are activating the one kilohertz region here but remember due to the stiffness in mass you learn of the cochlea...that's the activation pattern there.
And then because of those outer hair cells you get a nice large response up here.
This is the passive mechanics and that's the active. Yes.
Predominantly you are activating that one thousand Hertz region but you have a cochlear spread of activation too. If I put in a pure tone, this is the travel wave too a pure tone. Now we have other energy at other frequencies you get a brooder activation of the cochlea and I can show you that in SimHERA after the break.
So we okay with that? Acoustic specificity and cochlear place specificity?
Now the reason this is important is that when we have the steep sloping -- excuse me. It's getting too



noisy. Not going to be as kind this time. I will turn this off.
I don't like being unkind. Okay.
So masking.
We were having masking going on.
So it's important that we use a proper stimulus because when we are looking at these high frequency steep sloping losses the audiogram is upside down for you. These are the threshold -- that is the 4 thousand. You think you are testing 4 thousand Hertz. You are putting in that brief tone, what is the -- how many intensity I need to put up the 4 thousand Hertz brief tone with the 2 on 2 to activate the 4 thousand Hertz region. This is the cochlear spread of activation that we get to a 4 thousand Hertz tone.
You see this side lobe energy here is now activating the one kilohertz region.
So that's at 80 or 75 dB.
So you will get a brain response, ABR, because you are activating the 1 thousand Hertz region. Not the 4 thousand Hertz region. You get a nice wave five at 75 dBs but the true threshold behavioural threshold of this individual is 120? About 115.
So you have -- 115 minus 75 -- that's a 40 dB



under estimation. So you set the thresholds 75, the managing audiologist gets that and goes okay put 75 into the Verifit and move on and the baby gets 40 dB under estimation until the baby is old enough for behavioural and you go oh gosh, that's why they are not developing the fricatives.
I'm under estimating by 40 dB because I'm using a broad stimulus.
So this is what you have to be careful of with steep sloping losses. What we can do you can put a notched noise where you mask out like contra lateral masking...you will mask out the lower frequencies from creating a brain response. When you do that, your response you get is at 125 dB, but really no response at 115 dB.
So this is important when you have the steep sloping losses. It's important to think about if you have steep sloping losses you don't want a stimulus that has more spectral spread...makes sense.
You see where I'm going may be.
I will come back to this because -- why don't we take a quick little break.
So I can get some air out. If you want, you can get air out too.
And I will show you the differences between



chirp stimuli and 2 on 2 tones.
So five minutes or so.
However much time it takes to get some air going. And be quiet when you go out please. They also have a class and I don't want it coming back at us.
I don't like that I had to fling things. [Break].
INST HERDMAN: There's a new up date by the way.
Okay. So if you decide to do the up date on a Pc it should down load in your application folder.
And you should see a zip file that is something like SimHERA 2025 up date PC or Mac will say Mac. So go into the zip file and then drag that executable or dot app into the application folder.
And just over write the app or the dot... Okay?

STUDENT: How do you find the application folder.
INST HERDMAN: You have a PC so it will be under user, user name, app data.
Then roaming, then UBC.
If you can't find app data under your user ID click the top bar and go slash, app data, enter.
It will take you there.



STUDENT: Does it have to be in that location?
INST HERDMAN: For PCs no. If you did a short cut to the desk stop it's probably there. Macs have to be in the application slash UBC slash whatever. Don't blame me. It's Mac.
Okay.
So we were talking about the importance of frequency spread in the stimuli.
Now this is something -- did I cover it in the video about chirps? No.
Blank faces.
Okay. So chirp stimuli are new. Not that new but they are becoming highly prevalent.
My bias is just briefly don't use them. For a few reasons.
They were put out -- they were put out patented and soled in a system which then stopped a lot of people from doing a lot of research. It was patented to one system. They put it out before they did the validation. Now we have to run behind the cart and go stop.
Horse, stop.
If you get the cart and horse thing.
They just send it out there, and they didn't in my opinion do the validation studies necessary for



clinical application but people are using it. The reason why chirps are liked are being promoted is now you will get flash backs to 514 -- basilar membrane. Right?
Okay. So if I put in a click stimulus, what I will do is activate all of this region.
The whole thing.
But I will activate this part, that part, that part, in time because travelling wave. Takes more time to get down to here than to here than to here.
So I will get a response here, and then when it gets down to here I will get another one, and I will get another one.
So if I average all of this together, I get a blip like that. That's a truncated ABR...but if I put in a chirp stimulus, broad band, what it does is this doesn't look like this. Has slow waves and then high frequency and so the slow waves activate here.
I will draw it in red. Like that.
So slow waves come. And then there and then
there.
So we actually get activation, activation
activation in the same time. The slow wave here come and activates but takes time to get here. As the time



goes along to activate this, now I activate that one at the same time this is activating and then here, so all three of these regions go BOOP and activate all at the same time basically.
So if I do a summation -- summation of those or average of those I get a very large response.
So by manipulating the stimuli -- great idea, you just take the cochlea delay and flipping it this way to get the activation of the entire cochlea all at once so you will get a larger response.
Great neuroscience. Love it.
I love it.
Problem with it though, I will show you what a chirp stimuli looks likes and you can do this on SimHERA if you want.
Let me show you the five cycle. Five cycle tone

here.



Oh. Got to put in inserts. Now, auto apply should work. If you use E.
If not, click on inserts right and insert left

and then go five cycle tone.
So here is a five cycle -- so two up, one over, two down.



Plot the envelope if you like. Now this is a broad band chirp.
See the low frequencies to high? Same thing I drew here.
Now you can see there's a broad energy spectrum for this stimulus which you can't really see here because low intensity. Let's make that 80. The blue line here is the stimulus energy of this chirp.
It's a cross the frequency spectrum. The green is the cochlear activation.
So this is a modelled cochlear activation. And then here is for a click.
Now, seems good. You can get a larger response using broad band chirp stimuli but we are not in the industry of doing broad band stimuli for evaluating threshold frequency specific because that's what we need do some type of assessment for the language development or hearing-aid management.
So we need frequency specific stimuli. So that's why we use two on two tones so if we go back to a five cycle tone, now this is the energy of the acoustic energy.
And this is the cochlear place activation.
If I go to now a narrow band chirp, you take a broad band chirp and filter it to the one octave band



width. This is what the clinical systems use. Change the intensity. That's it there. If you have a good memory you would have seen it is a lot broader.
That's because the energy is a lot broader.
So if I go here, 35, you see this energy for the chirp and that's the activation.
And then if I go to a 5 cycle tone, 2 on 2, you see how narrow?
Narrowed.
This is important.
I'm doing this with a threshold that's flat.
But SimHERA we can go over and I will go thresholds, change this, I'm putting thresholds based on troops. I will draw on here. I will select air left and I will go let's see if we make this very steep sloping loss here. Boom.
Set.
Then I will do the same for the bone left.
Sometimes it does that. Means I have too much of a wobble.
So clear it. There we go.
Now if I go over to here, and I up date you see the steep sloping loss. I will shift it to 2 kilohertz to demonstrate the issue. If I use a 2 on 2



tone here, like showed before in the slides, and I keep increasing the stimulus intensity, until -- I wouldn't normally see ABR here. There's -- this green area is not above that blue shaded threshold. But here I am now.
So this is showing there's activation and I will get ABR.
But I'm at 60 dBs and the threshold at two kilohertz -- we can go back, 2 kilohertz ABR, left ear is 90.


at 60.

So this is at 90 dBs but I'm getting a response


I'm 30 dB under estimating. That's massive.

That's a huge amount.
You don't want that behaviourally. Now you are really under estimating the hearing threshold so you will be under amplifying by a lot. You won't get the higher frequencies and they will have language issue as they get older.
Let's move this to a chirp. To make it more obvious.
So it's 60, the same.
Now I could have a bit steeper of a slope and it will turn out to being under estimation too. So unfortunately I didn't pick the right demo to show you



a big chirp -- let's do reverse chirp. Why don't we do that. Sorry. Reverse loss. Reverse slope. I will go bone left and I will draw this the other direction.
Oops.
Let's get that so it corners at --Okay. Now I have a reverse slope. Let's see what that happens now.
Woe.
Look at this area the chirp is activating. If I have a steep sloping reverse slope, a chirp -- let's say I test the 1 thousand Hertz region. I'm trying too test this frequency here. It's the corner.
I will be at 55 dBs and this is probably about
90. If I go to a 2 on 2 tone, 75, now I'm only 15 dB
down versus 30.
Because I used a different stimulus.
I didn't change any of the hearing. I just chose to use a more frequency specific stimulus.
So if you are a clinician, and you don't know what their hearing levels are, you don't know their thresholds and you use a chirp, what is the likely hood of under estimating a threshold using a...it's more likely, isn't it? Want to see evidence? Sure. Why not.



This is going to be submitted for publication in -- may be a couple days or a week. I don't know.
Okay.
So these are the different frequency contents of the stimuli for two on two tones, versus chirps here. The red are the chirps -- red and orange are the chirps and the two on two is black. So if you put that into these filters, you say how much under estimation do I get? I do this for 4 thousand stimulated patients and said what is the under estimation when you use the different stimuli?
If we look at the case where we have -- the situation where we have slopes and reverse slope, of
30 dB per octave or more. Reverse -- so if you have this type of a slope, you are going to under estimate
18 percent of your population, 12 to 18 percent of the population if you use a chirp.
One of those manufacturers's chirps. If you use a two on two you will only under estimate 7 percent.
Now, when you are relatively flat it's like this or this. If you use a two on two tone you don't under estimate at all. A bit if you use the HS high chirp...and then a forward slope which is almost flat like that you don't under estimate at all but in a forward slope about 4 percent, so if you have a steep



sloping this way, 4 percent of your cases.
So you go 4 percent plus 12 is 16 and -- for the chirps. 2 percent plus 7 is 9. So 7 percent difference of choosing whether you use a chirp or a two on two tone. 7 percent of the population you will estimate more...just by choosing a different stimulus.
Yeah.
STUDENT: Take away is wants to use two on two more frequency specific and don't want to use chirp because brood and -- sorry.
Not on? Am I on? Hello?

INST HERDMAN: Green. STUDENT: Hello?
Do I -- I want to make sure I'm understanding.
So frequency specific is two on two, so we want to use that and not chirp because chirp is broad band and activates the whole cochlea --
INST HERDMAN: Doesn't activate the whole cochlea... STUDENT: Two on two good, chirp, bad.
INST HERDMAN: Chirp okay. Two on two is better. If you are a clinician or a admin of a program, do you want to be under estimating 6 percent more under estimation



of hearing thresholds. No. So why using a chirp?
Because 6 percent of a thousand is 60.
So do you want to be under estimating 60 cases? No.
Now, perspective, just hit it home, do you want to be the parent of one of those 60? Because the clinician decided to use a chirp? No.
So don't do it.
I say this all the time.
If it's not good for you and your family, don't

do it.



It's not good for them.
If you have a better decision or better choice,

do that, if that's what you will do for your family that's what you should do for your patients. I consider all the people out there my family. We are all humans, all family. So do the right thing you think for yourself should be done for them too.
For me, DELILA has hearing loss. She was old enough for behavioural but I wasn't trained behavioural at the time so I did ABR on her. I wouldn't have chosen chirps because now not confident if that would under estimate her hearing thresholds. So I wouldn't do it so don't recommend it, don't use it. We are not the only ones who said this. A paper



came out to -- Ronald's thesis that showed this acoustic specificity and now a paper coming out showing the place specificity. The green -- the real green. Mine is simulated green. Show the same result. My simulations are correct. In real life the cochlea activation in SimHERA are pretty accurate to what you see in real life situation. I hope it hits home enough -- don't use clicks if you don't have to. The reason why -- why did chirps become prevalent or why still are? Do you have idea? They give you larger responses.
So when here at 500 Hertz, let's do quick recording -- let's turn this on. Patient set up.
EEG is -- okay.
We will do a quick couple bang bang -- oh, we have a steep sloping hearing loss. Right?
Yeah.
Let's just go to the right. I want to get a response for you.
There's a response there. See, I even got confused. Average.
And this is wave 5. But it's kind of small.
Hard to see. Right? Prove to you there's a response. Green.



Now, if I do this at 2 thousand Hertz you will see a different response and this is what clinicians typically look at. Oh that becomes clear to me.
I will turn off --
What the clinicians are train at looking at, look at the big peeky response, I don't see it here. That's a no response.
So they often say, there's no response in the
500 Hertz because they don't learn the template. It's shifted in latency and drawn out. I will just call that no response and go up in intensity and gives them a hearing loss. Oh chirps can make this response look bigger so they did chirps. You are activating a larger part of the cochlea. They believe it's due to the timing. We don't know.
We don't know. They didn't do the validation study for it. But you get a larger response. On average. So that make the 500 Hertz response look bigger, looks more like the 2 thousand and more clinicians are like I see it now. Let's use that. They are just activating a larger band width.
And then you can potentially lose out on missing and under estimating hearing threshold with people with steep sloping losses.
Learn how to recognize 500 Hertz responses.



That's the simpler approach. Don't create a new stimulus and have validation and spends hundred of thousands of dollars of research time to just train someone better. That's my biassed opinion. Just train someone to recognize this. We have done it for decades. 40 years of research shows this works. You just need to be trained.
So don't use chirps, basically. Sorry.
Everyone in Europe is -- Tony. David's puppet.
David is against chirps too and I was trained by him. But I disagree with David a lot of the time. I agree with him a lot but I also disagree with him sometimes. Not because I was trained by him. Think logically about this. Now you see how important stimuli are? When I first started the class -- that's why it's to important. You can be missing as a group
60 -- 1 -- the paper was 135 cases in ten years, under estimate the thresholds, I think.
So doesn't sound like much in ten years but again, do you want to be the 135? You don't have to be. That's the point. You don't have to be. Just use the two on twos. Let's take a quick break and then come back. I get passionate. It's frustrating.
All right. Five minutes?



[Break].
INST HERDMAN: We are back.
Now I'm back. Okay.
All right.
So 25 minutes basically to say don't use chirps.
But it's really a lesson, because I'm sure I will probably say hey, use this and you will say where is the evidence for it. If I can't back it up. Oh, I will get you the evidence. Might take ten years but I will get you the evidence. Do that. Happens all the time clinically. Not just in audiology, medicine.
Medicine was wrought for it. That's why opiate crisis. Not really the doctor's fault but like marketed to so use clinicians don't hold shame or guilt for it if you fall prey to it. I'm trying to get you, what's is the evidence behind it. You always have me as resource as long as I'm here. I is still have clinicians coming, hey can I ask you a question? Yes. I will show you where the evidence is. Come use this as resource. Again, I wanted to become a clinician when I was younger so I still have that in me, still want to help others and I will go out of my way to make sure you can help others. I have that desire. So please use me as resource even when you



are in clinic and doing that I will go visit a clinician who is like Tony this is a tough case. Can I use your expertise. Sure. Can I send you the file. Sure. Want me to come and help when you do did the test, yeah. So I will.
So side tangent. So back to stimulus, back to cochlear activation. What you put in the ear will be transformed by the cochlea.
So notch noise. What we can do is you can put in this notched noise this is all masking and you put a notch at the frequency.
That's something I forget to say before we went into the chirp versus nonchirp thing so you are left with this energy here at 125 dB SPL but everything else is masked out.
So that's one way to isolate the cochlea. There are -- depends on the protocol. BCHP I think it's 60 dB or 40 dB per octave slope. If you have a that or suspicion of that, then put a notched noise and then more likely to get a more accurate estimate. These are rarer. Most of them have below 30 dB per octave but you do get some cases where it might be 30 dB per octave. I will teach you a technique. Not usually used clinical...use it for tumor detection.
It's a technique called stacked ABR.



And this is how the stacked ABR comes out. This is how the chirp stimuli change the cochlea delay to make the timing of low frequency to mid to high. Used this timing information. It will be clear when I walk you through the technique. You put in a click, the dotted hashed area here. Broad band click and you get the ABR. This is older publication so negative is pointed up, positive is pointed down.
So this is the positive peek of the wave five.
That's the negative. So wave five is there.
You see a large amplitude. You put in a masker and now this is high frequencies on the left.
Low frequencies on the right. Think of this as base to apex.
So high frequencies here are being masked.
That leaves a large portion of the low frequencies unmasked.
The high frequencies are masked out.
So if you use your math logic and I have all frequencies -- for those who love math, we are going to make this semi simple.
Hopefully.
I have -- I like red, for high. Medium.
And low.



Activation. Okay?
I'm doing high frequency region.
Medium frequency region. Low frequency region.
Rite? Okay.
So if I put in a click, my clicks response -- is there a black pen?
No?
Any other colours other than the red, blue and green? No. Okay.
We will put it as -- I should say unmasked.
Your unmasked response will be the H plus the M plus the L.
Now if I mask out this region, high frequency masking, this one here, my masked -- I will change the colour. Won't have red in it.
This is HP mask. High pass masker. Will --don't have H. Just the M.
Plus the L. Right?
Because high pass masked out this one. Not responding anymore. If I do the subtraction of unmasked minus masked. You get -- subtract out and I'm left with that region.
This is H plus M plus L. This is M plus



L...just left with H.
So this is the region the high frequency region this response is coming from.
So I isolated that part of the cochlea. And shift the masker down -- and subtract it from the one above.
So now this is just this region.
And it's just this region. So you see that now you can see wave 5, its latency changes as you go down the cochlea.
That is measuring the ABR's cochlear delay.
That's actually how they got how much time between the high frequency region and low frequency region there needs to be -- it's this latency -- this latency minus that latency.
And all the ones in between. So that's how the chirps were created. With a certain delay. There's a whole math behind it. Called high pass
noise/derived -- derived is subtraction technique. That's the derived there, make sense?
Yeah?
So you see, if I add up this response, that response, that response and that response, I will end up getting a temporal summation to give you this. But this has a wave form opposite to that one so when I



add the two together they cancel out to 0.
That's what we don't want really.
If we want to see this response, low frequencies are cancelled out by mid frequency response. The way temporally sums. Click ABR most of the energy you see...is coming more from the high frequency regions.
Because of this destructive addition here.
So they thought, that's interesting, I wonder if I can use this for detecting tumors and see...if I shift this in time and line that peek up with that peek and line that those up, and line them all up with that one.
That is called the stack ABR technique.
So I will draw your attention to the middle part here. This is the derived ban. This is the peek.
This is the nonshifted and you see how the peeks then shift. Positive is now up.
What they do is, take the peeks and shift them this direction and now you see if you shift them, that's the latency adjusted one. They all line up. The positive peeks line up and at the top is this large ABR. See the amplitude. That's wave five.
This is if you did standard averaging -- not averaging, standard edition through the bands, amplitude is a lot smaller. This is larger.



So the interesting thing about you doing the stacked ABR and we will get to this -- foreshadowing if there's a tumor and impinges on the nerve fibers...these go away and the stacked ABR...they reduce...they use that as indicator likely tumor. So the stacked ABR technique came out too for tumor detection. I just wand to show you the technique but you can use this as indication, amplitudes of these, saying, how much amplitude of the cochlea is responding.
In this region.
And that can -- you can then figure out, the click oh activate a broad region and you can put in a tone and only activates these regions. That's getting at place specificity.
Which I won't get into too much here.
Other aspects of stimulus. We have stimulus intensity. A big thing for doing auditory evoked potentials, thresholds.
Thresholds you need to change the stimulus intensity. Hopefully your response changes with stimulus intensity. If didn't it will be useless response for detecting thresholds. It responds by getting a smaller amplitude as intensity goes down.
And the response latency, the peek latency also



shift as intensity drops.
Here is the FFT content of it.
This is a general note of look at the response. Put in a click, gets the wave one two three four five. Look at the frequency content you get this energy, peeks around 70 Hertz. Another peek at 500 around.
For adult. And peek at about a thousand. The thousand Hertz responses, that's one millisecond in duration. Those are the nice action potentials going up the nerve fiber, wave one, you see. One millisecond. That's an actual compound action potentials. All in sink. And wave three, depending the peek, has some slow wave components but mostly it's action potentials in a nerve fiber. Same with wave four and part of five wave. Wave five has slow wave, those are the excitatory post...in the upper inferior...and even may be super olive.
So when you start going down in intensity, those neurons are now becoming synchronous and lining up with each other. So the higher frequencies, the higher frequency energy drops and it kind of drops away almost entirely as you get closer and closer to threshold because wave one drops off because you don't have the large portion of the cochlea being activated so you don't get a bunch of synchronization going on.



So the compound action potential is wave one drops in amplitude so you lose that energy. This is also good for showing most of the energy at threshold in adult and infants happens to be under about 200 Hertz.
Somewhere between 3 to 4 hundred Hertz, 500, may be go to even 500 Hertz, that's where the energy lies.
If you remember last week, we chose the band pass filters of the 30 to 1500, that's where the energy is at threshold. If we did a cut off at 100 Hertz we will be removed all of this. This peek. You will be left with this small bit.
So that's another important thing about recording parameters. Use the right ones. Because if you remove more than 75 percent of energy and amplitude of response, you might go, there's no response. That's because you just used the wrong filter settings so now you said 10 dB, there's no response. I have to go to 20.
Now you set the threshold as being higher than it should. Not under estimating. You are over estimating. You use the wrong filter settings or now said they need amplification at 20 dB not 10. The baby can't tell you it's too loud. You overamplified them. Used the wrong filter settlings. People forgets about it. It's really, really important.



So effects of intensity, look here, wave five...this is another view. Now we go low intensity at the top of the page. You see wave one tracks to there and wave five you see it getting longer and longer as you go up the page. This says as intensity goes from low intensity to high, it gets earlier and earlier and that is tracking here.
And amplitude as you go down the page it gets higher and higher and higher. I'm flipping it around for you.
So you can see the same trajectory. For time, we will by pass this.
I will by pass it. It's not -- it's of interest but it's not going to be highly clinically relevant and you will probably forget it. Don't want to waste our time. Stimulus rate is very important. Someone in the lab now is that is might throw a wrench in this in a good way but I will tell you that another time.
Stimulus rate. So it's very important because when you are wrapping a system, any neurons and you put them at fast rate they start getting saturated and start getting reduction in amplitudes. So if we look at ABR wave form, for something that's presented five per second. This is down here.
That's a very slow rate. This is the ISI which



is five per second, 200 millisecond per stimulus. You get a nice wave one two three four and a nice large wave five.
So if we look at this, five per second is not shown but for this one you get a nice large amplitude of wave five and you have nice large amplitude of wave one. 20 per second you still see wave one nicely.
But as you go higher than 20 per second you see waive one amplitude drop off, fairly steeply...wave one tends not to be there. Wave five is pretty resistant to -- up ward to 60 to 80 per second and there's a shift in wave five latency as well...this means we can present at fastish rate about 40 to 50 to even 60 per second. The more you present per second the more trials you get in averaging.
Noise...so you can reduce the noise more with a faster rate. The faster rate you go with the same time the lower the noise. So more likely to see a response. That's real.
Wrong way.
Now, the effect of rate of wave one to five tends not to be that huge between one and 20 per second sorry 10 and 20 per second. But if -- this is the one to five interpeek latency. 3.9.
And that's at 10 per second. But if 80 per



second. Wave one doesn't change the latency much but wave five does with rate you will get a larger one to five range of peek latency.
So it's important to use standard rates and intensities when you do neurological screening. We use this one to five interpeek latency. This is foreshadowing when we talk about using screening.
What stimuli to use. Shouldn't present at 80 per seconds. Wave one is hard to see at 80 per second and two you would have to use different norms.
Okay. So averaging efficiency...you want to reduce...related to.
And another way to say is number of trials is related to the stimulus onset...time in which you can present it.
So if signal to noise varies with stimulus onsets, distance between them, you can get a relative efficiency from this and use that to say what rate is better. Use the amplitude, it will reduce by the square root of the stimulus onset...if that's larger you get a larger reduction.
But put it in different way. Basically your residual noise goes down with the square root of number of trials...examples are always better. So let's say we have at rate 10 per second. 100



millisecond between stimulus.
This is the peek to peek amplitude we get from the ABR or -- it's not ABR. We will call this cortical auditory evoked potential.
Let's say we have 100 micro volts here. If increase the rate to 20, double the rate, because we are now stimulating at faster rate amplitude decrease. Reduce down to 75 micro volts but we doubled rate. We think faster. By double. That's not necessarily true. Reduced the amplitude. Now looking for a smaller tree. We cut the forest down by one over two, which is by -- cut down to.07...but the tree went smaller so need to cut down the forest more. Take the amplitude divide by the [reading] here is the example.
100 micro volts divide by square root of [reading].
This is showing just the slight improvement in efficiency. Not doubling the efficiency just a slight. Rate B is still better.
Slightly more efficient.
So this is pick ton's guide line. [Reading].
So basically, if you get a two-thirds of the response from original rate, the second rate is faster.
If you get a half the response, then go back to the first rate.



So if we go back to this, metro gnome is going on, the wave five amplitude that gives you kind of your best rate would be between 80 to 100 per second.
So if you actually did the calculation, somewhere between 80 and 100 per second gives you the most efficient rate because the amplitude doesn't drop more than 30 percent here.
But we present at 40 per second. When we do the ABRs.
The question is why?
It's limited by the type of window you have for when you record.
Our ABRs tends to be in here for the 500 Hertz responses for infants. There's a wave five.
And you have to see the slow wave activity to resolve it and say there's a response present. That's
20 milliseconds.
One over 20 milliseconds, 50 Hertz. So 50 per seconds. If I use the 100 per second I can only see this.
Because it's ten milliseconds.
If I go 67 per second I only pick up that peek.
Positive peek. I don't see ABR wave form.
At 50 per second it's probably the smallest I want to go or lowest rate I want to -- sorry, the



fastest rate I want to go to barely be able to resolve this. We really go to about 40 so we can really see all that ABR response. So that's why we don't use the most efficient rate is because we are limited by this window of analysis.
Yeah, this is kind of important.
So rate effects the fast components and slow components deferently.
So saying there's a fast component -- erase

this.



What is the fast, what is the slow?
ABR -- let's say that's a waive five like that.

I will make it more obvious. Like that.
Two components that under lie this. The fast component which is action potential like that probably. Compound action potential.
And then there's a slow component like this.
This is excitatory post synaptic potential. For action potential to add up if any shift in action potentials this drops down. If you go at very fast rate action potentials don't like to line up. And postsynaptic...have a longer...so can add up better, don't need as much synchrony. When you go at faster rate the fast components tend to drop out and the slow components stay resistant. If going at faster rate



don't expect to see peeky responses in waive five. They will be drawn out more. This is showing
that.
So increasing the rate as we see going from the
top of the page you have a nice peeky response, going down to the bottom, you see the peekiness goes down and it draws it out. Look at the amplitude of the slow component, stays relatively the same but the fast components get smaller and smaller in amplitude.
So why is this important? We use it as a clinical tool. When doing neurological screening --so hard to teach sometimes. I have to teach you neurological screening...just bear with me. That sphere it's not linear. That sphere of knowledge will come, hopefully solidify and you will see the whole picture.
So what we are doing is we have like wave 1, don't worry too much wave two and three and there's a four five complex in here likes this. Wave one is the action potential. So this is four, and this is five.
Now, wave 4 tends to be a very high frequency component like wave 1. Wave 5 has that in it too.
But it also has a slow component. Right?
Which has a peek.



So wave 5 peek if I go at very fast rate I drop out wave four component because I don't like to go at fast rate and left with wave five. You can increase the stimulus rate -- if we do that, this is slow rate, we see there's a four five complex here.
And you can see this wave 4 drops out in amplitude and wave five becomes clearer. I know to mark here...the one to five would be within normal limits and you will say no tumor. But if you increase the rate and went, oh actually waive five is here, you put them into they failed the screening and go get MRI so it's important to use rate to distinguish between wave four and five.
And in some people, it really separates out.
Another way to do it, this is more of the way we usually do it in clinic is use a rare fraction click and condensation click. Most people when you do a rare fraction click the four five they line up.
And so you get this large peek response.
So you are not too sure whether it's a four or five. When you do a condensation click the four and five separate.
And so now you can clearly see waive five and mark that and go one to five.
When you do the neurological screening it will



be obvious when you go through the practice.
So that's typically what we do to separate waves four and five, condensation and rare fraction. It's a requirement for neurological screening.
This is just another example of it.
Showing rare fraction and condensation. And how they separate.
We will get back -- it's in there. I said it already. When you do neurological screening you need to do both rare and condensation. And we must -- if you can't distinguish wave four and five...it will be obvious when we do the neurological screening lecture.
All right. Five minute break? There's a lot in here.
Let's take another little break. And then we will go to lecture 4. [Break].

INST HERDMAN: Okay. I just realized I did a boo-boo. I was doing lecture four.
Even though I had accidently labeled it -- this module where it stays lecture three, stimulus parameters is actually lecture four.
I reviewed the files on my key this morning. And I was like I will just go off the slides but



they are correct on the key so let's go back to response detection.
Now you know what lecture four was.
About stimulus parameters. I get excited may be. I just read the paper that we will submit last night and I got excited. I will leave it at that. My bad. Let's go back to three A.
This is 3A.
We will go through that. It will be wave form...this is really important also. May be it was a happy accident I did it back wards so you know how important it is to change the stimuli which can affect the response being present or absent or...so wave form judgments. Response present.
Or absent.
Who wants to say?
Is there a replicable wave form? Response present? Who says no response? Who says I don't know?


rite?

Right? Can't evaluate. You watched the video,


If there's no replicable wave and that's -- this

is the and, your residual noise is below your no response criterion, then you would say if it's below it, so no there's nothing repeatable but the residual



noise is below the criteria then we consider that as no response. No response. If the residual noise is not below the criteria you get the couldn't evaluate.
But if you clearly see repeatable response, you don't need anything else.
Well may be it matches the morphology. You don't need the standard deviation ratio. You sign off the paper you confidently believe the response present. Looks repeatable to me. Good to go.
So response present, pretty simple. You can use a standard deviation ratio two.4. Three is above...so say response present.
But when you get into cases like this, where there's some fluctuation going on, standard deviation ratio is low but residual noise doesn't meet criterion. The criterion is that it must be below.04. In this case it's above it.
So could not evaluate.
You have not cut down the forest floor enough to see the maple. The maple tree could still be in there so response could be there. There could be a small response in here.
And just for sake of your knowledge, there is.
When I simulated this, there is a nice small response in here.



When you have the case where nothing looks repeatable, and your residual noise here is below the RN value criteria you can say no response. Here is the key thing and I see this -- if I were to believe this is wave five here, I will mark that with a wave five -- find out what the amplitude is.
If the amplitude -- don't have this in protocol yet. If the amplitude is less than.06, point 05, around there it will be a tiny response if it's real and we consider that no response any way. Anything greater than about.06 is real response. If you are not sure, get another replication. If unsure, replicate it again. It will bring down the noise.
Side note for you.
Little tips of, tricks of the trade.
Now, when dealing with ABR we have nice standard deviation ratio criteria and residual noise criteria. This is goes for evoked potentials, any, if that peek to peek is about 2 to 3 times larger than the fluctuations of the peek to peek, look at the eye and see there's a average fluctuation going on here, if this amplitude peek to peek amplitude is two to three times larger than the background fluctuation usually means response is present. We don't wan the peek of the two waves forms to differ more than in ABR.2



milliseconds. You can take this peek and that peek, they are large but they are different. So when they add up, they get very small amplitude.
So you want the peeks to be aligning. This is the could not evaluate.
This peek to peek amplitude is less than two times larger than the background noise.
So we say, could not evaluate.
We do not really want to exceed six replications of 2000 -- so 12 thousand. Remember there was exponential decrease? In signal to noise ratio.
Sorry. Residual noise. If this is RN. The residual noise drops like that with number of sweeps in average. So if out here at 12 thousand, going to
14 thousand, wont really help.
Then the first two thousand really helps.
I had it up on the slide. Diminishing return on investment. If you like economics, you don't want to keep investing in something that won't return much.
You make the first amount of profits investing early and if doesn't return much don't keep putting in money.
And no response is clear. Wave four judgements. Find the wave five. Not repeating well. Had I marked it on a single wave form we don't really do that want



to see it replicated. Didn't replicate well. Do another. Look, I picked it wrong. It's actually here.
You see a nice waive five there. Replicate up to six.
Then you get the diminishing return.
And you don't need to replicate -- if I had the last two, don't make a third. If up to here. These are nice repeatable wave forms. Don't need a third. If you feel you wants to practice, get a third, get a third. That's what SimHERA is for. You can practice to your heart's content. Baby wakes up get a new baby. Can't do that in clinic. Oh baby woke up I have to practice more. I have to wait for another baby to come.
So just practice practice practice practice.
You can replicate to your heart's content when training so you get confident.
But in real clinic, don't.
I like Terries way of doing this. If you have visual challenges, seeing things on the screen and things are blurry without glasses it's helpful. If you take off glasses this blurs to about that.
And so now you can see this amplitude here is about 2 times or two or thee times larger than the



thickness of the line. Blurred.
So I kind of like that trick.
Then here, that's about two three times and this fluctuation, it's about the same. So one, one and a half times so I consider that flat.
Wave form judgments went there.
Yes. Now if it doesn't match a wave five morphology, doesn't go away with a clamp tube, this is important, if it goes away a clamped tube, it's a response present. You get something like this.
By the way this is a common thing that occurs for especially 500 Hertz stimulus.
Where is wave five?
Is this visually flat? Can you call this a no response? No.
Can you call this a response present? See waive five?
No.
So you are left with -- I don't know. So what can you do?
You do see something that's repeating don't you?
HMM if I have a repeating response, is it replicable? Yeah. That should be response. Doesn't match the waive five morphology. No it's not. What is this thing that's repeating?





cycle.

Well, the cycle looks like it can be a 60 Hertz


Or we have the nice little things that our brain

likes to oscillate too. The repeating of the sounds. If you present at about 40 or 50 per second your brain likes to respond at 40 or 50 per second. Creates that slow wave auditory steady state response.
So I don't know if this slow wave activity is wall line noise, or whether it's real brain signal.
If it's brain signal it's auditory steady state response...what you can do -- that's the slow wave.
Here is another example. Another one. Which of these is real brain response and which is noise?
Don't know.
What you can do is -- the tube is pliable. So take the forceps. Not the medal ones and I put gauze in between. But you clamp it and close the tube.
Sounds doesn't get to the ear but the stimulus energy goes to the transducers. Everything is the same but no stimulus getting to ear.
So if you do that, no stimulus gets to ear and the response goes away, that means the earlier one was a brain response...not line noise or stimulus artifact...clamp the tube. Goes away, it's real.
Brain response. If it stays there, noise --



electrical noise.
So there's the clamp, nonphysiological, slow wave remains...clamping the tube can be very helpful. Clinicians don't do it enough. They see this like this, and say it's 500 Hertz. I should look for something here. Don't see large fluctuations there so I will say no response. I have seen it more often than not. Wave five is right here.
It's obscured by the steady state response. I see this happen all the time.
More often than I like. So response present.
This has a 30 to 3000 Hertz filter...depends on the clinic but has the energy in at 60 Hertz and this is 40 Hertz...what you can do is last resort is you can filter and use the 100 to 3 thousand Hertz.
Now that's going to take out all 60 Hertz response and almost all 60 Hertz response and the 40 Hertz study state response so if you see repeating --which is here, then you can be like, okay I'm confident there's a wave five. If like this, you can't say no response because you filter out the actual wave five response. You can only say response present after you filter. Can't say no response.
So it's only helpful to say response present.



Now, here is a cool thing. I didn't tell you this. This will be coming out.
We can potentially get rid of this 40 Hertz --I'm convinced highly we can get rid of this. 40 Hertz response by just changing a stimulus parameter. The I'm surprised no one has done this before. Shocked.
So a under grad student in the lab is working on this.
If I present a stimulus at that rate, okay, whatever it is, I will get a brain response at that rate.
Actually, let me line it up.
That will make it more understandable. Brain response at peeks.
Right? If I take little snippets out. It will all line up.
That is the same as that, same as that. When I average it, I will end up getting -- actually I will do it on the screen.
It's coming down.
If I take this snip, from there and take that from there, has the same wave form so you end up getting this, this, this, as you move along and averages out, the bottom one. That's the steady state response.
Steady state.



So how do you get rid of the steady state? Clamp it. You also gets rid of wave five. Don't publish this before I do. I will be pissed at you.
Well, don't present them at equal intervals.
So now what your brain tries to do is it will peek here, and then flatten out and peek there, and flatten out and may be like that.
Actually, not even that.
I will draw this correctly. It will -- you will have the wave five here but it will go down like that and another wave five there and may be goes up to meet this rate so doesn't follow any rate. When you do the snips only left with the wave five.
Because there's no rate for it to follow. You just randomized it.
I've been doing that in cortical auditory evoked potentials since I was a PHD student. No one thought to apply it to -- I don't know why.
So you won't have to clamp. Just present this as a rate between let's say -- normally when I do it before -- 40 per seconds. Give you 40 Hertz response. At this rate you can go 50, that would be 50 per second interval and we can go 30 per second interval and may be we will go to 20. Between ten and 50 per second an average works out to...you get just waive



five. Still almost as fast but don't have this problem. And don't have to clamp it.
Because if you have to go back to clamp it doing a whole other condition. Don't steel that idea. The it's a simple one.
Who is doing it? Harmony or Maggie? They will be pissed at you too.
It makes sense. Get rid of the thing that creates the steady state.
So this is where the whole thing now going back, beginning of the class, stimulus parameters and things can change your clinical practice and potentially that's my job as researcher is try to give you better tools.
So when you are in the clinic you don't have to deal with this figuring out is this a wave five here? It's obscured by 40 Hertz response. Don't have the that anymore. It won't be a problem in the future.
Fingers crossed. Don't need stats. It goes from what you see like this, and then if we apply the random stimulus rate, it goes to that. Even better. Still has the nice wave five here. So obvious.
Fingers crossed we will get it out soon. See the fun things you get to do? I get to show you research that's coming before it even reaching the



printing press.
So let's move -- that was 3A. We will go to 3B now.
Oh get to be Jedis I love this one. Okay.
So noise is our enemy.
Knowing your noise, know THY enemy. Want to reduce the noise. The signal is small. Wants to manage it or remove it.
What are the common sources of noise in EEG? Physical. Cables and power -- if I touched this or held it I will pick up even if close to it my body works as antenna.
So if you remember old TVs had a bunny ears.
Antenna. Think about your arms like antenna. If I go to a wall socket, any of this stuff is charged. This has a light on it so probably has 60 Hertz going into it. If I put my hand here electrodes on fingers I would pick up...grab the cable. This is converter.
This would be massive 60 Hertz response. Even if just near it. Anything with power in it, 60 Hertz.
Because of the amperage in it, that's the way the electrical systems works you will pick up electromagnetic radiation. We try to stay away from them as much as possible. Stimulus transducers.



Electric pulses are going to them. They will be picked up...even if on the patient, the body gets charged. The electrodes are on the head. Pick up the stimulus art fact. Electrodes.
[Reading]. Physiological eye movements, big
thing.
So ABR we don't have to worry too much about
them because the eye movements tend to be very slow frequency content, around one to five Hertz. The blinks happen to be about 8 to ten Hertz. For ABRs we filter at 30 to 3 thousand. Don't have to worry about blinks. If you look at eye ball, it has a nice --nice...
That happens to be oriented like that. If I move the eye up. Eye ball shifts. The electrodes will pick up a shift in electricity because it changes. Any time you move current, in the field, you will get a shifting. This becomes more negative up here. If I shift is to there, that's more negative than positive or if sits here, you have negative and positive here.
So it your electrodes are up here, when I shift the eye up that goes negative and that goes positive. Center that goes 0, that goes 0 or just actually just the positive field. So then you end up getting a



blink response.
So when you do slow cortical responses has the same energy and look but it's about ten to 20 -- a hundred times larger than the cortical response.
Unless the person is constantly blinking every time they hear the beep which can happen, you don't know if blinking or they heard the sound...
Tongue, tongue is a big muscle.
Tongue movements. And electrically charged.
Babies who suckle...the suckers, we call them soosoos. Any other name? Blankies.
You don't remember that.
Yeah. So don't let them suckle.
Because that will create noise. Skin, blood vessels.
So noise, here is 60 Hertz noise.
And this is also high frequency noise. You don't know -- the fans can create a cycling high frequency noise. It's in the environment. If you see this stuff going on, you should be concerned what is going on in the environment. Try to get the electrical noise down as much as possible. In some cases you just can't. And you see stimulus artifact here. This is the actual stimulus art fact. Because the electrode is placed on top of the transducer. Try



to get it away. Or infants are lying on the gurney put transducer behind the head and the cables goes that direction. Don't cross them.
And then most of what you get is physiological
noise.
All right. Here we can all become Jedi and I
recommend you do this. If you finds noise, use the force.
Oh how? Jedi hand trick. Where is the noise?
Fun things you just use your imagination. I just used principles I knew from physics and doing other things and slice work, I had to figure out where the noise was in the chamber. I can put it on the hand and walk around, 60 Hertz noise. 60 Hertz noise.
Oh that's pretty good. Nothing is there.
That's where I will you put the patient's head. Like tuning forks for finding water. Where is the electro magnetic radiation going on. I have it here. Unplug.
So fun side story. When I first start year two, I went on spring break and they had a recording -- we did recording assignments and so the students --spring break and said if you have problems text me.
Disney land. Yeah, text saying there's so much noise. It's on all of us. So I got them to face time me and they had turned the seat around, and so their head was



now at the panel where all the cables come out and turned on the monitor to see the patient and the cord was near the head and they weren't touching anything. Just the head was right next to the cable. Because they changed it and I'm like, oh I know what is going on. Might want to flip the chair back around. Think about where the noise surges are you can change the direction and see where the head is. Move it around.
Set up yourself on your hand. Your hand has to be relatively quiet. Muscle in there. Try to put on the finger tips.
Top of the fingers is good and keep that quiet beside you and walk around.
So yeah, you can see this. As you walk towards the power you get nice 60 Hertz noise. How to deal with noise? Noisy patient. The most important thing, quiet down the patient.
You don't want to spend a lot of time investing in 12 thousand sweeps just to get the RN down.
Because it all starts where it starts. If I can get them starred there, I go like that.
Try to get the initial down. That means quiet the patient.
And this is a very important thing. We go through pre-appointment advise,



recommendations.
If you deal with babies, have parents, tell them they must be sleep deprived. When you drive in the car, most babies fall asleep. Have someone there poking them. Keeping them awake. Attentive. If a baby comes into the clinic and they are wailing, that's a great sign.
Crying babies usually means they are hungry or tired and usually both.
So make sure that they are hungry, and exhausted, tell them to -- the parents to wake them up early. Wake up at 5 in the morning. If they usually wake up in the night for a feed, don't.
They are not going to starve. Because when they come in for the appointment you feed them then.
You don't want to do that in fast the kid if it's afternoon appointment. That's just cruel.
But do it so there are a few hours -- kid feed every three to five hours. Miss one.
And make sure they are awake. Okay?
Make sure the patient is comfortable. For adults, same concept. Most adults drink coffee.
Don't drink it in the morning. You will probably fall asleep.



So try not to have caffeine to keep yourself up.
Collect more replications and absolutely needed -- you can go beyond six but inefficient. It can be you are just starting and the patient is a bit noisy and haven't quieted. Think the first two is reject and record the next.
...you still have this problem. Residual noise is high so the final is high. So probably don't get a no response but the best you can say is...if you are hike I can't get no response. Find a response. Then you can be like they can at least hear at 60 dBs. I don't know if it's 30 or 20 but at least I know they are at 60. That's good information.
Above all, throw your hands up and say reschedule.
That's the -- it happens. Rare but it happens.
So environmental noise. Try to unplug everything. Find out where they are.
You can change the rate.
This is a subtle trick. Doesn't work all the
time.
But we usually present at 39.1 per second and
lines up all the 60 Hertz so in phase when do the averaging. If you change to 39.6 might be off phase. It can help. Doesn't help all the time. I talked



about where it stick the electrodes.
Yeah that's three B. Three and four. Rite?
So SimHERA, in a couple of minutes, you can play with the noise, restart this session.
I think I showed you this last time. You see the 60 Hertz noise.
Want to bring you to -- SimHERA over emphasizes -- this is 60 Hertz noise with waive five.
I will clamp it. And you will see it. Still sort of there.
There's some 60 in here. Where did it go? Oh sorry. Yeah. It's there.
The signal is not there. Sorry.
There it is. There's a 60 Hertz response --not -- sorry. 60 Hertz noise in here and we are presenting at -- 39.1. If I go do 39.6, it's reduced down a bit. If I go 39.3, you will have another reduction of that.
So that one was 39.1, 39.6 and 39.3. Half way...you get mostly reduction. Don't have to change the rate that much. Change by about.3.
And that should reduce the 60 Hertz by a fair amount.



Doesn't always work. Depends on how the power out let's fluctuate too. Those are not always in sink. Don't -- are not stationery always with the same phase. They phase out and changes depending on the building actually.
And your power source at your transformers.
So the electric transformers are not always sends out constant 60 Hertz exactly. It changes. So you might not get a full dramatic change. SimHERA I have done it as a dramatic change just to give you idea. If you see this 60 Hertz noise and you clamp the tube...try changes the rate by.3...don't change too much. Or on the reverse cycle.
Then the other one which is high frequency. I wanted to show you that.
Oh. I'm at 1500, that's why.
Hard to see but there's a fluctuation of noise there. I turn it off, should go down.
So you can see the peeks here. They are less.
So there's a high frequency component in there.
And the best you can do is usually use a lower low pass setting.
So if I did 1500 Hertz and filtered -- a lot is filtered out of the high frequency stuff...find out



where the source is coming from. One clinic...they had a power bank with a bunch of transformers in the wall but change because they did renos and moved the panel. They didn't tell us and had a massive high frequency noise and couldn't figure it out and like what did you do? Was there a change? Yeah we moved the panel.
But the booths is there and had to use a different filter setting.
Everything? I think so.
Then we have a mini assignment at 1? Who is coming?
Okay.
Any questions?
Everyone's SimHERA is working? Up date?
Autoapply and it has buffers which I can show you at 1.
I had another --
I will see you at 1.
Just one more thing the mini assignment from last week I made it due this week. Right?
Oh last Thursday. I gave you couple of extra

days.


it.



If you didn't -- let me know and I will extend



I just didn't want you not have SimHERA running.
Some people's didn't run and I thought I gave you an extra couple of days.
Okay.
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