






AUDI 558 - Jan 5, 2026

..............................................

INST TONY HERDMAN:	Okay, am I on, good, awesome.	Well, happy new year.
FROM THE ASSEMBLY:	Happy new year.

INST TONY HERDMAN:	We made it through.	We're going to start 558.	I got it right, we're doing 558 today. Give me 515, 558.	Or of 514; right?, that was last
year.

What I would like to do to start, I know introductions, everyone knows each other, I like to get a feel for what your backgrounds are, and thanks for the name tags, it's helpful if you stay in the same seats a little bit so some of you are right, and I've had students who swapped, so they thought it was
fun, I thought it was fun, if you want to be called by

a different name, go ahead and swap.	I'll let you know that I will remember you, but I have a challenge with names, that's been a challenge my entire life, dysnomia, so don't feel bad if I forgot your name. It's a "me" thing.
So let me go through and then go through the

syllabus.	I'm sorry I put it up so late.	If you didn't have a late, it's okay, and the live videos, it's okay for your post class perusal.
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So you want to start yourself, yourself, your background, good enough.	You don't have to go into a long story.
STUDENT:	Hi for those my name is Winston, hi, everyone,

nice to meet you.	My background is from psychology, and I did my undergrad at UBC with a minor in
speech --

STUDENT:	I'm Sanwa.	It's my first year in PhD of audiology, and my background is in audiology.	I have recently came from Iran, and nice to meet you all.
SERAH:	I'm Serah, I did my undergrad and a combined major in science, environmental science, biology and chemistry.
JASMINE:	My name is Jasmine, I did -- I can't remember --

I did speech sciences in psychology at UBC.

HANNA:	I'm Hanna.	Also did my undergrad in integrated sciences, neurosciences, biology and kinetics.
CANDIDE:	...

STUDENT:	Hi, my name is Pio (?).	I did my undergrad in psychology at the University of Victoria.
STUDENT:	I'm Elyssa (?).	Undergrad in chemical biology. STUDENT:	I'm Kathryn.	I did my undergrad in philosophy
in the U.S.

STUDENT:	Hi, I'm Sara.	My undergrad at SFU for biology. STUDENT:	Hi, I'm Ogul (?) I did my undergrad in UBC here








in speech sciences and psychology.

STUDENT:	I'm Sui (?).	Undergrad in linguistics and psychology at SFU.
STUDENT:	Hi, I'm Caitlan (?).	I did my undergrad at UBC

with a...with a minor in psychology.

INST TONY HERDMAN:	Great, we've got psychology, biology and chemistry.	I haven't had so many biologists and chemists margins in the same class.	515 is going to be fun, I'll learn from some of the biology and chemistry when we get through that.	But he we're doing 558, electrophysiology, so you'll learn basically everything you need to know about electrophysiology -- no, I can't do that.	You'll get the basics of that.	We'll focus a lot on infant
toasting, because that's what you're going to be doing in your profession, and some adults.	So, yeah, okay. So why don't we go through the syllabus.	I'm going to go through it quickly because I hate the classes that go on and on, I can read.	So if there's any questions that you have, interrupt me, and by the way that's for any time in the class, if you fall behind on simple topic, the more advanced stuff I do following that, you're going to be lost, and I don't want that.		And you might be that your class-mate is also feeling the same way because I didn't explain it properly.	Feel








free to interrupt me at any time.

Lectures are here, we do them for three hours in the morning.	And then the lab times you'll see in the schedule when we go through it are between 1:and 3:50, most of the time you do not have to be here, we have three in person -- sorry, four in-person labs.	I also have the assignments linked to the course objectives there.	Thank you, have you had a class in this 303 yet.	The physiotherapy students get really eager and have a lot of fun breaks, we'll take breaks, also be kind when you take a break every 25 minutes or so, be quiet A we can set the role models for them.
Okay.	Course textbook, who has the course textbook, just one, two, three, four.	Get it, written by Terry Picton.	Great book.	Get it, read it, get
it.	It's almost the light-bulb for electrophysiology

and audiometry.	There are some other great books, too, but I think Terry did a great job explaining it. It's a little old, 2010, he was going to do a second edition, but the basics are still there.
And then dive into the literature.	We'll be coming up with a few things throughout the course, and you can look at this or look at that.
Labs are across -- everyone's done the -- your

first introduction to hearing-aid and the hearing-aid








lab, the electrophysiology lab is across the way, booth, the guy with the brain that looks like Frankenstein.	Maybe we want to change that.	You guys want grades; right?, we're passed that, you're all going to do just well in the course unless you decide not to.	That's the big thing.	If you decide you're not going to do well, you're not going to get a great grade, but if you learn things, you'll do fairly well.
I'll go through the grade breakdown, if you're just doing the work, you'll probably come out just
fine.

I do these mini assignments, they're very simple, and they're going to be in the labs times in the afternoon.	You do not have to be here for that. You might be here or do it at the end of the class, does anyone want to help after lunch, yeah, sure, I'll stick around and do it.	The...S software that I wrote for this course, I think you all have it, who hasn't installed the software.	I'll assign you an activation code and you can get on the assignments, any time from anywhere, play with it at your heart's content.
The min assignment, if anyone's done anything on

their iPhone, it's the...tutorial,can you press this button or that button.	Can you average the waveform, yes, send, done.	It's that simple.








The S assignment, it's really to get you introduced to the software, but it's introducing not just that software, the software was written so that it's similar to for the...that you'll be seeing in the clinic, I tried not to make it manufacturer specific.
The S labs are not required for you to be in

here, you can do them in the time.	If you think you can do the course in a week, I'll do the SimHERA assignments.	Heidi Schaeffer is going to be our TA, and she's a clinician at BC Children's Hospital, and
is ash did she's now a senior audiologist program -- I

can't remember her title now.	Basically you'll use

her as a resource if you can.	She's amazing.	She was one of my master's students, too.	She's stellar. Wealth of knowledge, really, really good technical skills, and quite intelligent, quite knowledgeable.
So highly use her and don't miss those labs, because you're missing out on really good education there.
So it says there three in-person, you expected but I might have made a mistake, there's a lab for ECOG, there's three in-person where you have to write an assignment up and you're expected you'll do it as groups.	You'll do it as a lab group, and writing it up as a lab group together, but submitting it individually on Canvas.	The reason why I do this as








individually is so you have a record of it, if you want to get it back, it's there.	Can you download it for me, Sara is off on practicum, I'm busy.	So you want to make sure you can go and click it and get it
back.

And final exam is going to be done on SimHERA in the student computer lab.	You can bring your own computer, and you'll see some computers might be a little bit sluggish with Sum sum SimHERA, if you have
a gaming one, you can use that is, and it's really

mocking up baby, you set up the baby, you do the full recording until the baby wakes up.
When you get out in your practicum, if you decide to go to paediatrics, you'll be doing that.
So the good thing about -- good thing from my perspective, hopefully it will be yours.	It's not going to be out of-the-blue kind of stuff, oh, I didn't study that.	Given that you're going through all the assignments you'll be well-prepared to go through to the final.
Make it bigger here.

So lectures here are in this column.	And then the labs are in the afternoon, and where it's blue, those are the non-required to be here, where it's purple, you have to be here.








So think of maybe the blue lab sessions more like a tutorial session.
STUDENT:	Is that all shades of blue?

INST TONY HERDMAN:	Yes, all shades of blue.	Oh, except for the February 9th, I would -- that one, actually, be here.	The reason why is it sets up for this lab 5 and the final exam.	So lab SimHERA lab 2, lab 5, and then final, it's a progressive one, those will be the ones that will help you get your grades.	So I recommend be there for that one.
The video modules all the way up to 8, this was a course that I put on for the clinicians in Alberta, so I just repacked it for you guys. So some of it
will have the very, very old SimHERA, it might even be

Sabre.		So it will look different, but the interface will look different, but the concepts are still the same.	I just haven't had time to -- reading break, everyone knows reading break, yea.	I might be going away, so if you find to schedule me something, I might not be here.
March 16th and 23rd.	There's no class.	Time

for you to work on your SimHERA assignments.	It still works out you still get all the same hours that's why it's voluntary if you come, the hours are beyond 39, I'm not allowed to do that, that's happened more than








they should.

And then April 6th is Easter, for this Monday, so there's no class there.
Oh, this one is the only other thing, and we can

I guess take questions and concerns.

Demo lab, in-person electrocochleography.	Most years I get a volunteer, but if people are uncomfortable, sticking things in the ears and they don't want to do it.	We can use whatever we've done previously.	We've amazing recordings from previous years, or we can also do it on SimHERA. Electrocochleography.	 It's a little jell tube, and we place that right on to the tympanic membrane.	And it can feel uncomfortable.	Some people can feel pain, about 30% of people feel actual pain.	The reason why
I put it here is because you will already have had

your ear mould impressions in hearing-aids, and you find out pretty quickly when you put in the block if you're sensitive, if you're sensitive when the block was put in, do not volunteer.	Otherwise you might want to do the Eco G lab.
And so then you get so see the ABR and the

electrocochleography recording, and I can tell you the reasons why we do it.
And then just extra readings if you want.








They're not quite updated, I really have to update the readings.	I might do that on my sabbatical next year.
Actually I shouldn't say that, it's this year. In July.
Okay.	So that's the course syllabus. Questions, concerns?	We're all good?
You know what?	Let's quickly do a 10-minute demo of SimHERA, so it might give you an idea of what we're talking about when we talk about the ABR junk.
I'm going to go random infant.	This little guy.

Because we're going to be talking about mostly throughout the course is infant hearing.
So little infant.	I haven't set up SimHERA...responses.	Now, SimHERA has a lot of buttons real-estate heavy, confusing, but eventually you'll figure out the different buttons.
...really a main menu for patient set-ups and whether you want to be in training mode -- oh, there's a game mode.	Why don't I -- actually no.	Let's go to game mode.	I'll try something fun I haven'ted used it for a while.	Damn it, someone's beating me, AHT, so someone has been beating me, I don't know who that is. So you can play against each other.	There's adult behavioural, periodic behavioural clinic...potentials and paediatric, and you can rank up and power-up and








all this stuff.

We don't have to play, when you're in game mode, you do not get to see the patient's real true results, what their true hearing status is.	You don't get it know their true status.	So it's like a patient has just walked into a patient and what do I do with them? If you want to play in game mode it's challenging but you also get more experience modes.	 Who watched Stranger Thing?	Who has played any video games with Experience Points?	A few, okay.	Those you of who don't know what that is, basically when you do something, you get experience doing that and you get points labelled on.
I was a geeky kid, too, and carrier experience

labelled XP.

And that's basically what's listed in your report.	Any time you play in game mode, you get a multiplier against your experience point, usually two times or four times or even 10 times if you have certain power ups.	The faster you rank up, the faster of rank up levels, and you can get achievement things. In this computer I haven't used it very often.	So I don't have a lot of achievements.	You can rank up
this clinic, this clinic is level 1, and there's 2 and

3.	You can play with each other.	I haven't figured








out the prize, the person who is the leader -- by the way, if you put your name in there, you can change it. Don't put any identifier for your privacy.	Everyone
in the world sees this, because I sell the software.

Oh, I forgot to do my conflict of interest.		I sell this, but for you, it's all free for life.	I give it in two-year licensing.	If you're done the two years and hey, I want to use it in clinic or...to use it, can I get a renewal?	Yeah, sure no problem.		It's free for you guys, that's how I'm managing my conflict.	It's totally free.	But I do sell it to other people in the world, and they will see that information.	So please keep it private, if you want.
All right.	So that's game mode.

But we're going to go to training mode.	Because training mode you can see the true thresholds of your patient and how well and in SimHERA, it's got SimBHA, behavioural behavioural, and SimHERA is human response...you can thank my daughter for naming
SimBHA.

It comes up like this where you don't see the case, just click on case review, this infant has a hearing loss in the right ear, and this is a reverse sloping.	So you can use that and go practice your response audiometry, play with it.	And you can change








this, change all the different thresholds, the true thresholds, the behavioural thresholds, acoustic reflections...and steady state.	That's a lot.	After this course you'll know about all of them.	Well, 515 and 558, you'll know about all these different ones and how to evaluate.
And we've got it in air conduction, bone conduction, masking, have you learned about that yet. Effective masking.	 Have you learned about the occlusion effect.	There's that here as well. Psychometrics, tympanometry, and some other stuff I'll label later, but you can say I don't want -- I want them to be typical-hearing.	I want them to have a conductive hearing loss.	Sensorineural hearing loss. DNSD, retro-cochlear, meaning they have a tumour, and did you hear about pseudohyperacusis 6.	We don't like to say faking because sometimes they don't.	If but go to superhyperacusis.	That can be true but this is
what their behavioural will be.	An elevation in the left ear versus their true.	But this course is about electrophysiology.	We go to evoked responses.
Somehow I reverted back because I switched back to

training mode.	We'll deep as an adult right now.

Adult male.	We can autoapply the electrode.	When you do the mini assignments it's autoapply.	But norm we








do a pad, doing a little rubbing, blah, blah, blah, blah, blah. .
Electro here, and makes it ground, connect up -- oh, so now I just put on a ground electrode.	We do it for all the different electrodes and how we set it up. We set it up quickly for the sake of brevity, you can put it on autoapply.
Here is the right mastoid, left mastoid.	And

for adult...

Right on the top.	And...this is standard electrode montage or set-up for an adult.	And underneath here are the impedances, meaning how well they're connected to the scalp electrode.	You can also do tympanometry and OAEs from here, but I'm not going to show you that.
Responses, beyond here this is...EEG, this keeps

updating every few seconds and there is their EEG. Pretty quiet noise.	And...stimulus all down here in the bottom.	We'll get into that, and I'm just going to say I'm going to acquire -- oh, I forgot to start
the session.	Hit acquire.	And now this is an ongoing

EEG, acquiring an AVR, auditory brainstem response to a 5 cycle tone at 2000 hertz going into the left ear, at 30 dB NL, does anyone see anything that is interesting.	Do you think there's -- who thinks








there's a response there?	Who doesn't know?		Okay, so this is what is kind of cool.	SimHERA, the green is the signal.	So now you're going oh, I see something here.	That's what I'm supposed to be looking for, that's what the template looks like, just like you see a letter on the screen, like the letter A, is head up of three sticks.	That's a letter A; right?	You've
got a template in your head that you learned as a

child.		We're making that green line a template in your brain to go ABR, just like the letter A, that's what a ABR looks like.	The rest of the squiggle, that's just noise.	So now you've seen how we can do that.	Typically we don't just record one but 2.	I can turn this off line so it goes quicker.	Quickly record one.	And now you can see things repeating
here; right?	AVRs in electrophysiology you're looking

for repeat response, then it's real, that's ABR, this year cochlea was receiving sound at 30 dB NHL, this person can hear 30 dB, we just did a hearing test at
2000 hertz.	That's what I'm going to teach you all

the nuances, everything-under-the-hood, so to speak. Sound cool?	Okay, should we take a five-minute break and come back and get into the lecture and dive in, awesome.
STUDENT:	Maybe we have to work for them.








INST TONY HERDMAN:	Everybody has to work together because there are different types.	I'll let you guys work together.	We should work as a community together; right?	So I'm going to leave these here and you guys can come up on break and come grab one, there's four
of each type.	If anyone has a peanut allergy, you're

not allowed this one.	Other than that, if you have one, come up quickly and I'll leave them up here.
FROM THE ASSEMBLY:	Thank you.

INST TONY HERDMAN:	And thank you for the OHC dance video.

Back in five. [RECESS]...
INST TONY HERDMAN:	We're all back.	Shall we get started?

Let's dive into how you're going to be assessing

infant hearing in auditory brainstem responses, that's the typical one we use for assessing their infant hearing, but it's not the only one.	This is the primary focus.
CANDIDE:	...

INST TONY HERDMAN:	 Let's try that again.	We're going to be doing infant hearing is typically we're using auditory brainstem response, but that's not the only thing we use.	It's the typical one that we use.
So you're going to by the end you should

understand what the ABR is and the disorders that








we're looking at.

So those are what is ABR audiometry or response audiometry, it explains the hearing capabilities of someone who is not cooperatively, not responding behaviourally, if you can get them in a reliable manner, don't do electrophysiology, it's a waste of your time.	If they're not responding reliably, you can do something like ABR or slow portables, for fantasies we're doing ABR because we have the wealth of literature to suggest that this is the best approach or method to use.
So where are they coming from, ABR, so we put

sound in the air and then information travels up, remember from 514, auditory nerve, cochlear nucleus, superior olive, inferior colliculus.	We get these
wave forms because they're firing away, the electrical

signals that the neurons are presenting to the higher up, those electrical transmit to the scalp, and we can pick then out by electrodes on the scalp, the green here, that's collectively known as the auditory brainstem responses because they're coming from the brainstem.	Responses that come from the medial...are the middle latency responses, and the slow cortical potentials, so you can have, auditory id middle lit reins and auditory brainstem.	They come in, cortical








potentials tend to be the one I like to use because I don't like to think of things as slow, slow is relative to what?	But S EPs are the ones that are commonly used in the literature.	For most of the course we'll look at ABR.	So we can use ABR for determining threshold in anyone, infants is typically what we use it for, but we can do it for any young child, adult, even into aged populations.
So typically if you can get behavioural responses, this is a head turning procedure, have you been taught visual response audiometry yet?	The infant sits in the lap of someone that is not listening to the sound, typically the parent, but if you have an audiometry, or a tech or someone else who can hold the baby and the baby is comfortable.	They presenter a sound through the, freaky monkey they stopped doing it because everybody was freaked out. Usually a toy or something, they get the baby to be reinforced, any time they hear the sound they turn their head that.	Is a behavioural response for a infant.	That's fairly accurate.	This baby is older
and can sit up and 6 months of age, usually it's about

6 months when they can get their head up, younger than that they can't do that, so the head turning for the audiometry doesn't work.








So then we use electrodes placed on the scalp and then we present the sound, and we get that little brainwave that I showed you in SimHERA.	And that's the baby waving, that's the brainwave, just like the wave-beep, beep-wave.	So we use the brain wave response as a hand wave.
It's part ABR is part of a comprehensive test, normally we do ABR, OAEs, and maybe slow corticals if we need to for infants.
We'll talk about this more, but babies only

sleep for a certain amount of time, and it's napping usually.	That's usually during our daytime when you're working, and I have things to talk about later in the semester about this.	Maybe we should be changing our hours when we test babies, but you only get about half an hour to an hour with them so that's a very limited time, so we don't want to waste the sleep time with a tympanometry which is a lesser test that than what we're trying to get at.
The key objective is to identify permanent

hearing loss.	That's the goal.	Identify and intervene.	That's not actually a good...program. Early hearing detection and intervention.	We want to
detect and intervene.	And this is really just to help

them optimize their language output, and if you find








out someone's profoundly deaf and they can't go for cochlear implants or it's not conducive given what their hearing status is, now you know you can give them sign language right from day 1, that's extremely important for day one.
This is where it gets noisy, can someone shut

the door.

I think for a lot of you who have taken speech, human important of language early on in life, and how that relates to learning, cognition, all the wonderful things that we get to do as humans.
So we want -- these are the key objectives, we

want to actively measure ear specific thresholds, so both left and right.	We want to determine the hearing loss type, and what the frequent-specific thresholds are, because those are what we use for prescribing hearing-aids or a hearing-aid device.
So to achieve this we must test both ears,

independently.	We need to use air and

bone-conduction.	Big sigh, 5, 4, 3, 2, 1.	This does not happen across the world.	It is actually more
rare -- it's rarer than you probably imagine that

people use bone conduction, you probably assumed that everyone does it; right?	Because it makes sense, we want to bypass the gunky stuff in the middle ear to








make sure if there's any permanent loss in the cochlea.	It's almost the other way that people predominantly don't use bone conduction, which boggles my mind.	And it comes from a historical thing, oh, bone conduction is too hard, it doesn't work, that's because the methods and techniques weren't good enough then, they didn't have an understanding how to do it properly.		We learned and we learned how to do it and it's been probably 30, almost 40 years of...to show bone conduction works.	If you go to other countries and they say don't use bone conduction, it doesn't work, you can tell them otherwise now.
Or simply ask the question, how do you know it's not a temporary conductive loss?	Oh, it's not, I know that.	How do you know, are you going to fit the hearing-aids to these kids?	Are you going to
recommend a bone-anchored hearing-aid, when it's just a temporary issue.	How do you know it's permanent.
Oh, it is because the tymps came out fine.	Well, they don't always show the losses all the time.	Those
could be due to conductive loss, and you're treating them like they have a permanent sensory hearing loss and when the it resolves, you jacked it up because of amplification, and now you've differently given them permanent hearing loss.	Don't do it.	Try to stay








calm, it's frustrating to me.

Do bone conduction, air and bone.	You wouldn't not do it behaviourally.	You would use bone
conduction behaviourally, same thing, physiologically.

And you want to get tone ABR specific frequencies, there's another huge thing that is coming out about chirts (?).
This number of 10,000 births, number of

patients.	Hearing loss, 30 out of 10,000.	This is cleft...spinal bifida, PKU.	You can almost sum all of these up, and they just add up to the number that we have for hearing loss hearing loss is one of the most prevalent conditions that we have in humans.	We owe a lot of thanks to Christine Yoshinaga-Itano, an amazing person.	I got to meet her when these studies were coming out in 1990, I think it was 2000 when she first published this.	And really what she showed the whole reason why we have EHDI programs.	What she showed was that if you intervene by six months of age, their language quotients of these kids are higher than if
you don't intervene by six months of age, so if they have, this is it the 0 to 6 month age adjusted mean total language quotient is up here at 80, but if you intervene all these ones, it just plateaued.	It's about 60 months.	So intervening too late means they








don't have the phonetic templates to form language. This is oral-based language.	She did this in verbal spoken language.	So that was pretty awesome study that she did to show hey, we've got to intervene by six months of age.	But she also followed up with it just wasn't just about whether thee kids are normal
cognition.	From kids who have Down syndrome and other cognitive deficits, if you also aid them, this is
later identified, low cognition, their language quotient is down here at 50, but if you intervene by 6 months, their language quotients is 20 points higher. That's about the same as what we classify as normal or typical cognition.	There is this deferent benefit, regardless of what your cognitive level is.		Think about it when you've got complex kids, intervening can help language quotient of 20, that's huge.	Now
they're understanding more.	That actually adds to their cognitive ability in life.	The more language you tend to have early the faster your cognitive abilities end up developing.	 So it's a snow balling effect.
So we use tone evoked ABR, not clicks.	We have

a 3, 3, 6 rule.	Screen by one month, detect by 3, and intervene by six months, 1, 3, 6.
Target, we're looking for permanent hearing








loss.	That means that we have to screen for every baby, so we screen every baby in BC, one of the few provinces that screens every baby, and I wish I could say it's not few, we're one of many, unfortunately many provinces, the way they're under provincial
jurisdiction, they haven't bought into supporting EHDI

programs.	The return on investment is someone estimated, I'm going back, 1 in 7, for every dollar spent, you get 7 back.	If you invest in that kind of money in the bank, you'd be a millionaire.	The problem is politically, that Severn back is in 10 or
15 years or maybe 20.	And the political cycle is 4,

so they don't care.	But some do, not everybody does. It's important to that we identify them early return back for them and for society.
The screening programs can be expensive, they

can be expensive because we have to screen every kid. But not too expensive.
And then is that screening targeting who we want to basically detect?
So programs typically we're looking for permanent congenital, bilateral, and unilateral, they test both ears, conductive tends not to be a target population.	Some places like New Zealand and, they will have part of their...in BCs it's not part of our








identified target population.	We do capture them but we don't set our protocols to capture them.	It just happens that we capture the majority.	And mixed obviously sensorineural is our target population.
So that's what we're after. Questions before we take another quick five-minute break and come back for
1B.	Five minute, come back at 10:00. [RECESS]...
INST TONY HERDMAN:	All right, so let's get right into the using your brain to see a brain, see what brain responses are all about.	Take a deep breath in, take
a deep breath in, sit back, relax.	Keep your hands

inside the vehicle all the time.	Have some fun. We'll learn what Apr AEP what are auditory...sound into the ear, and then informed is sent to the brain.
Sound comes into the ear, oscillates, travelling waves

through the cochlea, and then that cochlea activated the nerve fibers that we learned in 514, and got to add myself, we have the wiggling, outer hair-cell contraction, amplifies the signal.	Which will calls inner hair cells to depolarize and auditory nerve fibres to transmit to the brainstem and cortex.
So if we look at this -- we're going to do it at the cortical level to start with, I find it easier for people to understand. If we look we have here the








scalp, the skull, this is the cerebral spinal fluid that bathes the brain, and the grey matter which is all -- most of your neurons live, most of the cell
bodies of your neurons live. And the white matter are

all the axons and the myelin that are causing transmission of information from area to area.
So we zoom up in that grey matter, we have a distribution that looks like this.	These pyramidal cells, when we are talking about cortical potentials, those are the generators of electrical signal that you're recording at the scalp.	Those are the pyramidal neurons, and that is a very none dendrite, distal and soma down here.
So you have an axon coming from another part of

the brain, so let's say it's coming from the auditory cortex, and it's going to have an action potential
here which releases, sodium to come into the dendrites of this pyramidal neuron.
What is happening the sodium is positive, and leaving the space it's going to make the extracellular space more negative, because you're taking the
positive out of it. And that positive sodium ion --

sodium ion don't go all the way down, but basically its current shifts all the way down.
Into the soma, and then that positive current








leaks out.	So now you have a positivity down here. So now you notices the distribution of charge.	This
is what we call a dipole.	Di meaning two polls, it is a dipole.	If I were to stick -- that dipole is in here, in your cortex, and you have multiple dipoles because all the neurons here are active, they're all oriented in the same way and activated all at the same time, you're going to have a lot of little dipoles to add up to a massive big one.	A lot of negativity up here and a lot of positivity down here.
If we were to put electrodes on the scalp and they're in a distribution like this above this negativity, and this electrode is below towards the positive, this is zero volt line, the distance between the negative and the positive.	If it's below it's going to pick up a positive electrical potential.
This one is going to pick up a negative electrical potential.
That is how EEG works.	Yes, Kathryn? KATHRYN:	Is there a mic?
Could you clarify the way the sodium is --

INST TONY HERDMAN:	 Sodium is coming in and what leaks out is potassium.	So just think of positive ions.	So let's go back.	 So positive ions happens to be sodium. Positive ions going into the cell and positive ions








leaking out.	Not inside the neuron.	Inside the neuron would be the opposite, if I put electrode it would be positive and it would be negative here.	But we're recording when we do EEG, we're recording the extracellular space.	That current positivity doesn't just here here, it emanates through the grey matter, even the skull and scalp.	Because they're all salty, and you know electricity likes to do in salt water, it likes to move.
So this is the electrical field that gets

created.	And then these electrodes are just picking up those electrical field lines.	It's positive up here and -- sorry, positive down here and negative up here.	If I were to hook that to a volt metre, it would mesh mesh a voltage.	EEG is a fancy name for a bunch of bottle meters.
So if we look actually on the -- in the side of the skull now, this was the zoomed up part, we have this positive and negative here, and those would be the field lines in a three-dimensional space.	It's not just two dimensions, it's actually 3 dimensions, so you can put electrodes anywhere along here and you're going to pick up a negative field, and if they're down here, a positive field.	If they're at
the top electric, might be a very weak negative field.








So this is what we call an open field, meaning they're all lined up in the same orientation, you get this
nice distribution, nice electrical field that's positive and negative.
But nuclei, they don't have that nice orientation.	The neurons tend to be oriented somewhere like this.	This is an ideal case, not all of them have this circular pattern.	But if you did you would have negativity on the outside and
positivity on the inside.	So the electrode here would

pick up equal negatively and equal negatively.	 If you took the difference it would be 0.	Whereas between these two, let's say this is four, that would be-4 and positive 4, positive 4 minus negative 4 is 8.	So you would get 8 electrical field units.	 So open fields
you get very large potential, closed fields, zero.

If I stuck an electrode down the middle, which we don't 0 do, but if you're doing inter cranial recordings, and you recorded from the exterior part, we would get a very large field.	But we don't do
that.

We typically have for nuclei are semiclosed fields.	They're either represented in sheets, in the nuclei or a clusters of neurons, and these, so you'll still get positivity at one electrode and at the








other, negativity.

Is the orientation good?	Clear?

We need to create a device like a volt metre. This is a preamplifier.	It has a positive and a negative electrode and then ground.	And then we have some EEG recording unit so we have a attach a ground electrode, we get to neural, because our bodies are charged, and then we place on electrodes.	This is what we classify as non-inverting, whatever it records, it shows.	If it's a positive electrical field on the scalp, you get a positive field in your recording.
The non-inverting, though, is you take that electrical field, and you multiply it by-1.	If it's negative, it becomes positive.	This negative becomes positive.	And then you add it to the non-inverting at divide by 2.	Add it and divide by 2.
Go back.	So you get this inverting one, to a

positive.	When you add the two together, even though they're a very large response, 2 + 2 is 4.	But you want the average between them.	So what would be the average field here, if you divide by 2 because you have two electrodes, and you get back to that original.
So that's why we use -- because if we didn't --








inverting.	If we didn't invert this, this would be positive to + negative 0...and then divide by 2.
Are we good with that?	Okay.	Because we're going to go into something deeper.
STUDENT: I just want to clarify. Inverting you're adding that signal, you're flipping it and adding to the norn inverting and getting -- that avoids the zero read.
INST TONY HERDMAN:	Yeah, but you're summing it, but

because you've summed to opposite directions, you want to divide by 2.
Okay.	On this one, common mode rejection. There are two electrodes.	We were picking up an electrical field inside the brain that had a distribution of electrical fields across the scalp.
We want to be able to resolve that and see that.	Now, these are tiny compared to wall socket electrical noise.	So right now what's emanating out of the wall sockets is 60 hertz noise.	The closer I get to any power cord that's connected to the wall -- actually,
my hand is really close to it.	I'm going to be -- if

I put my head close, I'm going to have this very large electrical female...picked up on my Scamp.	I'm a
large antenna.

So this -- both of these electrodes would pick up a very large 60 hertz noise.	And so we can't see








that small brain response in there.	So we need to get rid of that 60 hertz noise somehow.
And one way to do it is mode rejection. Anything that is between these two gets rejected or reduced.	The old term is common mode rejection, or still is.		The logical term should be common mode reduction.		Because you can't actually reject it out. That would be an ideal situation.	And I'll show you that in a graph coming up.
So if the electrode impedances are equal,

meaning one kilohm and one kilohm.	Whatever electrical field you're picking up here will create a same current going through the inverting and
non-inverting, so that they will equal, become equal

and opposite, so you can see how the black, being the non-inverting and the grey being inverting.	When you sum up those two, 60 hertz noise that's what you get is 0.	That's if they're absolutely the same
resistance.	Simple V equals IR physics stuff that you hopefully learned, the V for voltage, I for...and R
for resistance.	If the resistance are equal, you'll get 100% or 100 dB reduction in your common mode signal, when you set it up through this preamplifier.
Now, if they're not equal, like we have here,

one kilohm versus three kill ohms, this is the three








kill ohms or response 60 hertz noise, because you have a larger resistance, your voltage is higher, V equals IR.	So this basically current on both of them,
because R is higher, this is same, the voltage is

going to be higher for the three kilohm.

Well, then you're going to add that to this one kill ohm inverted one, and it's not going to reduce anything out.	Because you take the black plus the grey, and you only have a little bit of destructive interference here, so you're only reducing the 60
hertz by a little bit because the electroimpedance are imbalanced.	Practicality why does this matter?	What should you do when you're prepping this person?
Should you try to have is the electrical impedance

equal or offset?	Equal?	Maybe, you might want to get rid that of noise the best you can.	Because the brain noise, you couldn't even see here, even see here.	We want to get rid of that red.	We want to make sure
that our impedances are equal.	Our guidelines are electrical impedances we want them to be low so it doesn't pick up a lot of this noise.	But more importantly, we want to make sure to have them
similar.	Must be same, you can't get them exactly the same, but something within -- we'll see them on the next slide.	This common mode rejection, how many








decibels how much waveform can be reduced in decibels relative to impedance, 3 kilohm, 2 kilohm balance.	So that would be 2,000 ohms here.	This is the curve for the common mode rejection ratio for this amplify that has a one kilohm preamp.	But this is it the common mode rejection.
If we had 500 ohms, .5 kill ohms, we'll be up here to 65, 66 dB reduction, that's pretty good reduction in amplitude.	This is for you to figure it out.	Our example was is we had two kill ohms difference, which gave us 54 dB reduction.	That's okay, it's not the greatest, yes, they're getting noisy.	Of course they'll quiet down as soon as I get out there.
We'll be doing that a lot over the next couple of weeks.
So 54 dB reduction is okay, not bad. So if we looked at it, this is a mock-up. We're getting some of that 60 hertz still in there.
So the closer and closer you get these things

together, the higher and higher in common...rejection you can get. It's composition, exponential, it's not linear, it's exponential.
So it's important.	So what's the take-home

message for you?








STUDENT:	Try to get the electrodes to have the same impedance if possible.
INST TONY HERDMAN:	Yeah.	So practicality, so now you know why.
Okay, so how are these recorded?	We talked about the generators of these.	So we actually have generators coming from -- anywhere, any time there's an electrical change, potential difference happening, like depolarization, hyperpolarization, that's change
in electrical activity; right?	Any time that happens,

we can record that on the scalp.	So electrical...ography will be recording this stuff in the cochlea.	But we'll not talk too much about that right now.	We're going to move on to basically nerve, superior olivary and inferior colliculus.
So if we have auditory nerve fibre firing, it

will create a dipole like this.	But that's going to set up an electrical field across the head.	So we're in right here, if you're looking at this, negativity here, positivity in the other mastoid, it's weaker because of the volume conduction and as it gets farther from the source, just like the sound, it gets smaller and smaller in amplitude.	To almost nothing
on the other mastoid, but very strong negativity here.

So if we stick on our electrodes.	Bang, bang,








bang.	Mastoid is non-inverting.	We'll just do -- inverting, sorry.	I said that wrong.	We put the mastoid as the inverting electrode.	If we look at this, this inverting electrode would normally be recording this.	This is actually wave 1 here, but because it's inverting, we flip it up.		So that's wave
1 of the ABR.	Wave 2, wave 1 comes actually from the cochlea.		Wave 2 as it passes through the acoustic meatus, there's a resistance change, going into basically the cranial vault area, and that creates wave 2.	Like a speed bump.
And the other waves come from the

cochlear...inferior colliculus.	In the infants we put the non-invert on the high forehead, we don't on the top because of the fontanelle and ripping off hair for babies.	The way generators are, we can still get a pretty good, non-inverting is high forehead.	And when we do that because the way of the orientations of the generators are, these are the positive parts of the dipole, we get a field in this region.	They're going to pick up the positive fields of waves 3, 4, and 5 from this electrode.
So if we put them all together, because we've got electrodes inverting, that's the wave 1, 2.	And then non-inverting, 3, 4, and 5, you end up getting








your wave 1, 2, 3, 4, and 5.

Now, this is typically -- you can see wave 1s,

2, and 3s, to very intense tone stimuli as well.	But this is a typical click-looking ABR.	So the higher you can get on the forehead, the better the waves 3,
4, and 5 are.

This is that typical set up that we use that are a dual channel.	Because we're testing both, we have recordings from both ears, or at least both cochlea.
We have right mastoid, this is our forehead, which is

also referred to as CZ or vertex because that's what

we originally reported in adults.	We usually say high forehead, and the...non-inverting, when we're looking at most of the systems, we have a preamplifier box where they have -- this is the input where it's
usually a red disc around it or the actual connector

is red, for the right ear, what the or black tends to be the non-inverted.	And so to get the non-inverting because we only need one, we don't need to put them side-by-side, we just use that same one and split it. They use the Y splitters that come with this system. And ground goes in the agree, and the left inverting, which is usually left mastoid goes into the blue, and the right goes into the red.	And you can record dual channel recordings.








So now I'm going to change what I've done previously and now almost insistent, I'm going to preface this.	When you do your practicum, you follow your guide of your clinical educator.	I'm going to insist, highly recommend, that from now on you always record two channels, eastern though it only requires you to record one.	Always record two, just ignore the other one.	It's come up clinically time and time
again over my years, "I wish we could see the other channel."	It's, like, why didn't you just record it to begin with?
So or just record it; okay?

It's there, use it, or if it doesn't give you more information, ignore it.	But if you go back and you look and oh, I wish I had it, oh, it's there.	But if I wish I had it and it's not there, now you have to call the baby back in, and the parents, and your time. Now you've just added cost about something like a simple click, saying record both channelize, always record those channels.	I'm now going to do that.
Next time we write the protocol, I'll fight tooth and nail to get two -channel recordings, now I've done my due diligence.
Two-channel recordings because we can record

from both, let's record from both.








Questions on set-up?	No?, let's take a quick five-minute break and I'll show you how we can quickly do that in SimHERA, and then we'll go to the class module 2A.	Back in five, so 10:35.
[RECESS]....

INST TONY HERDMAN:	Okay.	So demo, setting up an infant.

It will become a habit, thanks.

We'll demo setting up an infant.

Okay, so I just clicked on a random...I don't know what the...status is, so I'm going to we'll do, maybe this time, maybe not.	We'll see.	If we can do some recordings.	Patient set up.	So in SimHERA I tried to make this as realistic as possible.	But computers don't like 3D animation, some of the
lower-end PCs don't have good, Macs have awesome really good, if you have a Mac, especially a new one, they're better than PCs and they are good at
rendering.	I'll try to keep it on 3D.	So we've got a

baby here.	This baby is not sleeping, shouldn't be sleeping when you set him up for electrodes.	What we do is get that conduction between the electrode and the scalp so be as good as possible, that means reducing the impedance.	What impedes electrical signals, do we know, what is on the skin that would reduce the electrical signals?








STUDENT:	I'm not too sure, but maybe like oil.

INST TONY HERDMAN:	Oil, yeah, absolutely.	So oil.	Does not like to conduct electricity.	Actually used as a insulator, so how do we get oil off the skin.
Alcohol.	That's why we have an alcohol pen, that's what we usually do.		Babies can be oily, some can, some might not be.	We take a little alcohol pad, and if it will show up here, we do a little bit of a rub here, you will see the skin turning a bit of colour, it just says hey, it doesn't really turn colour, it's for display purposes only.	It might, you never know.
If a person has make up on, then it almost differently

turns colours.	That's another thing if the human is an adult, just ask them, hey, we're going to be putting electrodes or your forehead, if you wear
make-up, please make sure you bring it or else there

will be a space missing.	Keep in mind, don't be a genderist.	All genders can wear makeup.	Just ask, and let them know, oh, I forgot to tell them.	It's okay, but I can tell they were not happy, because you
put it on there and they didn't have any make-up here. They said they were going home, it's fine.	But just remind them to do that.
So you put on the alcohol.	What else would stop

electrical signals being conducted very well?	Oil,








cellular debris.	What's the top layer of your skin, is it alive and luscious and full of supple nice electrical -- no, it's dead skin cells, especially in dry weathers, who is from the eastern provinces? Alberta?	Everyone's from BC.	Candide.	You know what it's like taking off a shirt when it's dry.	It's snowing inside your house.	She gets it.		So if you ever lived up there, which I have, in the dry cold weather, all that skin that's on your -- just kind sloughs off in the cold.	We want to get the nice dead skin sells off, now we have a nice connection to the nice electrically conductive skin.	So we take a prep pad and put it on.	If your computer is slow -- mine
is actually working a little slower because I'm

working through two monitors, this is probably the state of most average PCs, I -- oh, I was talking too much, I made them bleed, just a little bit of rubbing. We take our ground, we flip on our ground,
cross-arrow, you see that ground electrode pall over. The other thing is if you already have it set, you can actually click and drag it.	And maybe it's because
the monitor is not...right now.

Normally you can click and drag it without having that on.	But anyway.	That's where we put the ground over their right or left eye, and then we








listen to the click, click, click, you haven't been in this room have you?	It's annoying.	Get used to@metronome.
So high forehead, set up quickly, high as you

can.	And then this forehead is CZ.

Oh, it didn't go on for longitude [he's talking about the clicking sound from the ceiling] it's really not happening.	There we go.	Okay.
So this is the impedance 1.6, we're below in the kill ohms, that's peril low, I rubbed it bleeding almost, gave the baby a little raspberry.
Now we can rotate the head if we want.	Oh, it's

going to be happy.	So is this the right mastoid.	I didn't show you this.	She, I'm just going to go straight to the right mastoid.	As soon as that goes on, so 1.8, now I'm 1.2 in, between the two.	So I like to be about .5 difference, so the common mode gets the most common mode rejection.
And then I'm just going to go to the left, do the same thing. Not bad. I can view the EEG while I'm doing this. If I take this electrode, come on.
Now you see how the EEG, that's a lot...the impedance,

so it's not reducing anything out.	And I can put 60 hertz noise here, now it's really, it's really large, you can't see it here, it's off the page.	Eastern








larger than that.	So you can see the large 60 hertz noise here.	Watch it go down as I put -- you can't
see it anymore.	So this is importance of getting your impedances correct, and just for demonstration purposes, I'm going to make the impedances right here. I'm going to rub not so much over this area.	Wow this is slow.	Come on.	So you can see 3.59 is -- so
that's the difference is quite a bit; right?

Basically 2.	So that first example, how did I do that...so we've got difference of 2,000 ohms so 50 dB down.	So the 60 might still persist here.	So you can see this 60 hertz.
So you see the 60 hertz going on; right?	So now if I move the electrode, 60 hertz goes away.	Simply
by having a difference in impedance by 2 versus impedance difference .2.	So it's really important that you get that.	Because the brain response that we're looking even in here, this is in microvolts,
we're looking at signals .6, .3 microvolts, which is a little blip here. So you need to get that common mode rejection to be as fast as possible.
So don't forget to put in the inserts, left and

right.	Now the baby is prepped.	All set up.	Ready

to go.	Should we do a recording?	Why not?	We've got time, a little bit, maybe.	So what I did is I flipped








it from test patient centric, left channel, typically most systems will have left channels on the left side of the screen, right channel on the right.
Acquire ABR from first...so the number of sweeps

being collected, this is being presented, we'll see next week, 30 -- or 40 stimuli per second, and the number of stimuli, number of sweeps that are being collected are showing here.	So this is the average of
500 sweeps, we've got this ongoing oscillation here. That's interesting.	It's a 9 month old.	I had to get a hard case, why did I pit hard cases?
So this -- oh, no, it's not that.	Hum...I know

why it's this.	See this nice oscillation here? That's 60 hertz noise.	How do I know?	Because I forgot to turn the 60 hertz off.	 So SimHERA, you can't turn it off in real life.	So you've got a 60 hertz response.		Can you see any ABR waveform?	No, you just see this nice slow wave; right?	So I'm not going to bore you, I'll do it without 60 hertz on so
we don't see it update.	This is without 60 hertz.	Do

you see that thing?	That's likely the true signal.

This is the true signal, this has 60 hertz noise here.	So even when we got this to 5.2, and you couldn't see it in the EEG want, window, you could get it in the recording, so it's important to get away








from the 60 hertz noise.	Your bed, your gurney should be away from the socket, and the bed shouldn't be touching anything like wires or power cables,
over-wrapped.	Because the bed is a big antenna that

is metal.	If it's wood don't worry about it, but if it's metal for cleaning, the wall socket right next to the baby's head.	Just happened to buy a great demonstration of 60 hertz noise.
All right.	While I have this here, this is the mini assignment that you're going to do.	You're going to acquire two of them, it takes about a minute.	The next one I'll record is we'll do it off-line.	When you're looking at ABR, you're trying to look at something your A template for the letter A.	I'm thinking it should be somewhere in here.	What I'm looking for is something that is around and the other one becomes stable.	...you have to do another recording.	So I'm thinking, yeah, something could be here, but it could just be noise, you don't know until you do more recordings.
So we usually record 2,000 sweeps and then do another replication of that.	And for the sake of brevity, I'm just going to quickly do a seconder recording and that actually looks pretty terrible, I would normally do another one.	Clinically would I do








another one, because there's not really much consistency going on here.	Now there's consistency, we'll go select those and go average, and now you can see the waveform.	I think that's it for the main assignment.	I'll double check.	But there's also a whole video tutorial system that I built for SimHERA that goes through -- where is the SimHERA academy ones, just had it up here.	Yeah, mini assignment 3,
2, academy...so mini assignment, there's a whole

walk-through here, go through the video walk-through. Something like that, and then send it to me and you're good to go.
All right.	So let's quickly move to No. 2.	So that's module 1B.		This is 2A.
So now we're going to look at signal-to-noise, and then some filtering principals and averaging, signal detection.
Signal-to-noise or signal and noise.	What is

the signal?	 The signal is that brainstem activation, those neurons firing.	That's the signal you're trying to record.	That signal is a result of sound coming into the ear.	That's the signal that says hey, baby heard that, when you're doing behavioural audiometry, anything that will say to you confidently that that person heard the sound.	The noise is everything else








that you don't care about.	That's not reliably saying hey, it's linked to the sound.
So when we're looking at brain recordings, the EEG or electrophysiology, we're estimating that signal in the noise.	So here we have just one sweep recording, and like I originally said when I first saw the first waveform, I don't know if there's anything
in there?	Same thing.	You don't know if there's

anything in here; right?	But what we're trying to do is parse out the signal from the noise.	And there's multiple ways in which we can do this.
So embedded in this recording is signal, the

thing we're looking for, and noise.	So my analogy and to be Canadian centric, we're looking for the Canadian maple tree in the fir forest.	Do you see a Canadian maple in there.	I see a bunch of fir trees, maybe there's some hem locks in there.	The firs and hem locks are noise.		We're just going to start cutting down the forest.		But only cutting down firs,hem
locks, cedars, when we see a Canadian maple, we don't

cut it down. So now we can start seeing the Canadian maple off. Essentially that's what we're doing. All of the stuff here is just the noise, and we're trying to see when the Canadian maple pops up.
So we have our signal and noise, that's our








Canadian maple, and the rest is firs and cedars and everything else.	When the noise is quite large compared to the signal, we have four signal-to-noise ratio.	If it's small, the signal will stay the same, the signal is the same unless you change the intensity of the sound.	It's stationary.	So what we want to do is reduce the noise.	Now we're improving our
signal-to-noise, signal over noise.	So our S NR,

signal to noise, signal divided by estimate of noise. Amplitude, but it doesn't have to be.
If we've got these generators, this is our ABR waveform that we're looking for.	We have all this line noise, that's 60 hertz with that big large thing we couldn't see our signal in there.
Also body noise, a whole bunch of things we'll get through -- I think it's in these slides.	Muscle, eye movements, all these are electrical activities
that we don't care about because they're not linked to

the sound, but they create large noise.

So bring that down, signal stays the same, but noise gets reduced, you get better signal-to-noise so as the averaging goes down, our noise drops down, but the signal remains the same, so we can see the
Canadian maple come out.	That gives us our baby heard

it.








You as clinicians are trying to determine do I see a signal.	Did the baby brain raise its hand, did a button press?	You decide, so try to get the
signal-to-noise ratio the best or the highest as

possible so you're highly confident.

Here are the sources of noise, power we talked about power noise, stimulus transducers, you're creating electrical signals for the diaphragm to push out and in so you get rarefaction and condensation waves, the electrical signals of the transducers are close to the baby, so don't put it on the baby, usually when the baby is lying down you put the inserts in with the little tube, and put the insert transducers in here and you want to keep the electrodes and transducers away from each other.
The electrical can make noise, the scalp

movement, it can change the resistance because the V equals IR, the voltage changes.	It's not changing to the sound, it just changes.
If you're in any mack enacting, electromagnetic

radiation, like MRI, they will create artefacts.

These are physics ones.	Physiological, eye movements, the eye balls are electrically charged, and moving
them causes a field.	Eye blink the.	The muscle

activity, that tends to be the primary noise that you








try to reduce in ABR.	That's why we want to be asleep, or anyone to be asleep.	We have these very close to the neck muscles, and the muscles create electrical noise which we want to reduce.	So when you sleep your muscles toned relax.
Tongue, don't allow the baby to suckle or feed

or anything like that.	If they're awake, their neck muscles are active and they're sucking, so they're going to create noise.	Tongue movements.	Skin, sweat.	Everyone knows about lie detection, CSI, whenever you -- if you don't sweat, resistance goes down, or resistance goes up, which changes -- which means voltage goes up, but when you sweat, it goes down, so you have this fluctuation, that's how they detect you're lying.	So if some person comes in from
a run, and they're sweaty and then relaxed, you'll get

the slow fluctuations because of the sweating of the skin.	Another big one for infants is heart.	For most adults the electrodes are fairly far away relative to the electrical connection.	But babies they're a lot tinier.	So you can pick up heart rates with
electrodes here and blood vessels, yeah, minor.

So those are our sources of noise.	Let's take five minutes.	Are we good for five minutes.	And then we'll get...








[RECESS]...

INST TONY HERDMAN:	Filtering and averaging, what we're doing is trying to cut down on the forest, either cutting down the cedar trees or...filtering is wonderful.	I have a shirt with this on it, forgot to bring it in...don't be a high flyer, low-pass filter might get you.	Now you can understand low-pass filtering.
So this is signal plus negatives, this is a mock-up you won't see, but to demonstrate the signal versus noise.	Noise is a 4 kilohertz noise, and our signal is embedded in there somewhere.	So this is what low-pass filter of 3,000 hertz, everything 3,000 and above, everything above is filtered out.	So no more 4 kilohertz, if it's set as a high-pass filter, we'll only get the noise, so everything above 3,000 hertz, that's what we see here.
So here is a mock-up of an ABR where we see two

replications, and you kind of believe that there is some signal going on here.	But there's a lot of difference between the two replications.	So there's a lot of noise going on, a lot of high-frequency noise and low-frequency noise as well.
So we're trying to estimate this signal in this

noise.	So the signal-to-noise here is relatively poor








right now, but if we decided to use a high pass of zero hertz, and a low pass of 3,000, so that's basically saying a low-pass filter.	We're going to remove all of that high jaggy high-frequency stuff.
So we have a little bit less noise.	But there's still a fair amount here.
So our signal-to-noise ratio goes up a bit.	But if we change this to a high-pass 100 hertz and a low pass of 3,000, your expectation would be it gets better; right?	Actually it got worse.	Why is that?
It also filtered out the signal.	Because the energy of this happens to be predominantly lower than 100 hertz.	So be careful what settings you use.	Know the bandwidth in which your signal exists mostly.		This happened earlier in history, and it actually -- it still happens today, bone conduction, I have those pet peeves, why are you using a 100 hertz high-pass you're filtering out most of your signal, you're filtering
the noise but also the signal.	This is a poorer than even the original.	What you need to do is set it to
30 hertz for 3,000.	Now you haven't filtered out most of your signal.	You're keeping your signal and filtering out most of your noise, you can't do it all because the signal and noise distributions in frequency, they overlap.	You try to get most of the








noise out by having that filter.

So now you've got a signal is still high, but a lot less noise, and you get a more optimal
signal-to-noise ratio here.	You can see a nice wave

here.

So know your filter settings, filtering is to help you but it can hinder you if you use the wrong settings.
So don't use 100 hertz high-pass setting.	And if you are ever caught doing it, I'll come back and haunt you; okay?		So please don't.	If you go to another country, they still use 100 hertz high-pass settings, and just to hit that home, what if you're not a really good clinician, and you don't see that's a response, would you say that's a no response, baby didn't respond.	I've got to increase the intensity. This was, say, 40 decibels, now I have to increase to
50, now I'm inaccurate by at least 10 decibels, I'll

use that as a prescription, I'm overamplifying by maybe 5 to 10 decibels.	The baby can't tell you it's too loud so now you're potentially doing damage to this child's cochlea, because you used the wrong filter setting.	Don't do that.	See how the simple things like this have ramifications to the child and for the parents?








So this is why we spend time on this.	It's important.	And side quest, last summer I was at the international evoke response audiometry study group which is basically our international group, and we did a big survey which I still have to write up, and I really was shocked at how we don't have a consensus on standardized methodology, and people are still using
100 hertz high-pass and not doing bone conduction.	It

just boggles my mind, but we need to have some sort of standard because it ends up affecting people's lives, and I said this in the conference and I'm going to say to you now, do the best for your clients, because they're you're family.	It's all about those kids, all about that patient in front of you.	Do your best.
Get good knowledge, do what is out there in the literature, be a consumer backed knowledge.	Because for me, that's -- I'm not a clinician, but I'm passionate about making sure that those people that are going to be seen in front of you are getting the best health care that they can.	I've been the recipient of it and my daughter has been a recipient, so I see the benefit.	It's very, very important.
So averaging.	Averaging is a way to cut down that forest.	So how we do this is stimulus locked averaging.	When the stimulus comes on, we look at a








certain section of the EEG relative to that stimulus.

So this is just representing a stimulus onset, a flip, a click, another little click.	We look at the EEG, ongoing EEG on that one around that stimulus, and we take that snip and we store it.	And we take
another snippet and we store it.	This becomes sweep

1, sweep 2, sweep 3, sweep 2,000.

That's 1, 2, 3, you can see all the sweeps are going on, no averaging here, looks pretty much the same, scattered all over the place.
Those are all of them overlaid.	Now, that's a pretty noisy forest.	Pretty hard to see some signal. You might if you're good, see something here.	Maybe. But residual noise is high, signal is pretty small. But if you average, now you're getting a better reduction in noise, and the signal is still there.
Now you can see it, check babe waved its brain, or baby's brainwave.	Now you have a high signal to
noise.

So that's the importance of averaging.	The more of average, the more the forest floor goes down.	And this is how this process works.	So the residual
noise, so the residual noise, that's what we call this stuff here, all the little flippity stuff.	That residual noise goes down like the square root of the








number of sweeps you average.	So the residual noise is equal to a final, is equal to the initial residual noise of one sweep divided by the number of sweeps. Square root of the number of sweeps.
So we can look at this.	If we have 100 sweeps, the residual noise final will be one-tenth of the initial.	So that's this.	Now if we do 400 sweeps, square root of 400 is 20.	So 1/20th.	900 sweeps,
1/30th, you can see the difference now in the noise, this is just noise, there's no signal here.	You can see how the noise is getting smaller and smaller and smaller.	And that's because noise is not linked to@stimulus.	Therefore sometimes it's going to be positive the sample point, sometimes it's positive, sometimes it's slower than positive.	Sometimes it's quite negative.		Maybe negative, maybe a little positive here.	And so on average, over multiple, multiple sweeps, it's going to go high, high, and then it's going to average out to 0.	You have infinite number of sweeps, you have zero as your average.
And 1600 is 1/40th.	But if you're great at math, you'll see a problem coming up.	I'll flip this and rotate this around.	So your residual noise final,
1/10th, 1/20th, 1/30th is exponential function.

You'll get the most benefit of reducing residual noise








in probably the first thousand sweeps, and after that it kind of plateaus.
So 1/10th, 1/20, so if you have high initial staff-off, you'll still have a high residual noise after 1600 or 2,000 sweeps.
So if this is the reason we want to reduce the

noise to see that signal.	So we have response judgments.	There's three of them.		This is something you need to bore into your brain.	We have response present.	That's obvious response present; right?	Can you see a maple tree.	Is the noise for it low enough that you would see at least a small maple tree?	Yes, that means you've got no response.
Versus you could not evaluate, which is the

noise floor is still too high after averaging, because we're looking for this height of a maple tree, but the noise is still too high.	So the maple tree still exists there, you just couldn't evaluate, you count determine it.	We used to could not determine, but could not evaluate, I don't know why they chose that,
I like the could not determine.	But that's.	Response present, response absent, which we call no response here in BC, and could not evaluate, meaning, I didn't get enough evidence, I didn't get my noise floor down enough to say there's evidence for seeing a no








response, because if you did bring the noise enough there could be response present.	Or it could be a no response.	So we need this specific level.	This is our residual noise criterion which we set as a protocol.	We must meet that to be able to call it a no response.
And for residual noise criterion, that's .04 microvolts.	Because we expect at around hearing threshold about .05, .06 microvolts is the smallest tree, the smallest maple tree we would want to see.
Here is an interesting thing.	The intelligent hearing system manufacturer that we're going to be using as a system, they did a nice little thing and forgot to divide by 2, I don't know if they forgot to, but they decide not to, whichever way it is, their residual noise is always double what the real residual noise is.	We'll get into that a little later.
Just -- so in the IHS system, it's .08.	That was just

a demonstration of residual noise and reducing -- it's coming up.
This is -- we'll come into this standard deviation ratio in a minute, what I want to draw your attention, this is a residual noise and you can see it drop exponentially, with the number of sweeps.	So the number of sweeps increase, you get this exponential








drop and start plateauing off.	This is the residual noise criterion, this is set-SimHERA, not IHS, what I hope the manufacturers will include as well, we set it our criterion at .4.		This tells me how many I need to reach my criterion.	How many more reps of 2000.	So I need 14, 1500 more sweeps, it turns orange when you start reaching criterion, so it actually helps you.
You can go oh, this is a pretty quiet kid, I only need

one more rep.	It's if a noisy kid, I need five reps. I'll never get it on time.	I should quiet down that patient.	That's why I think it's critical to have this.	I'm hoping manufacturers will pick that up and start doing that.	So you can deal with the problem before than try to record from a noisy patient.
Okay.	Artefact rejection limits.	We set limits to about 10% of total sweeps.	So let me just go back to SimHERA here quickly.	So you see this ongoing EEG here; right?		Well, we have these limits, which I'll show you here.	 These -- if this EEG exceeds that amount and turns red, we can get it really close, so most of them we're rejecting, and we want to open it up.	It only turns red about one out of every 10 of these sweeps.		The reason we don't want large EEG fluctuations in there is because that means there's more noise.	So we can control that.	And usually








about 10% is our limit.	Before we usually used to set it at 25 microvolts, and we found too much noise was coming in.
And when the baby decides to wake up, which

actually wakes up here, the blimp.		Let's see if I can get this.	See it's going fine right now, now the baby woke up, see how the EEG changed?	That's going to get really noisy.	We do not want that in our recording, now we have this very large noise, and it would have reduce that noise as an exponential function.	So we
do a reject, reject the trial and wait for the baby go back to sleep.	Or if the baby just makes a little noise, that actually would be about 20 trials of very large noise that we now have to try to reduce.	It's better to just reject them and reduce.	So now they're quiet again, it's important to set the artefact to a level that reflects 10%.	If the baby wakes up, state change, only for a minute or so or half a second, it doesn't get into the recording.
And I'll show you the importance of that on

these slides here.	So if everything's fine and our noise is kind of what we classify as stationary, it's consistent, it doesn't change with the state of the child.	The patient state doesn't change, it will drop with the exponential function.	One started off being








noisy, and the other one not so noisy.	But if they wake up and it becomes noisy, now you go from this exponential decline to way up here, and now you're at that point and now you're declining.		See the difference?	You've got a lot more noise because you didn't reject out these trials that is were noisy. It's going to take a lot more time.	That's why you
put the artefact rejection.	So it just rejects all of

these.	So you're able to follow this line again, because we rejected out these trials here.
So this is called non-stationery, meaning it's not consistent.	Because there's been a state change.
Good with that? There's a lot being thrown at you. Do you need a break? We're good to go? Okay. Let's go to 2B.
Let's see how far we get with this one.	We can

always go into next week.

This one has some math in it, more math.	If you're a math lover, if not, ask questions.
We're predominantly focussing on the ABR.	We

have the cortical auditory potentials.	I like Terry's rendering of this.	This is a log scale and time, and also a log scale in amplitude.	So ABR wave is quite a bit smaller than the M1.	So you can see the ABR and how it transitions into the middle...and how that








transition into the...so generators of ABR, brainstem, generators the auditory cortex, and generators of
these late slow cortical potentials are...we're primary focussing on the ABR.	So here are the handwaving, close approximation of the generators of each of these waves, waves 1 to 5.
Wave 1 is the spiral ganglia, in the mode lulls come in the cochlea, the spiral are the nerve bodies of the auditory...
That's wave 1.	Wave 2 is that remember that

transition I told you about, there's a transition going from a different conductance through the
acoustic meatus where the nerve fibre travels through. It meets a resistant junction, it changes the whole thing so you have another limb blip.	So it's the action potentials through...
So that's wave 2.

Wave 3 comes from the cochlear nucleus.

And then wave 4 superior olivary complex, and portions of the lateral lemniscus.
And wave 5 is lateral lemniscus inferior colliculus.	So wave 1, 2, 3ish, 4 to 5.	These are just drawings over of the wave...and there's another 5 to 6 here...
So how do we measure these amplitudes?	There's








a specific way or protocol we to us measure them.	So there's some standardized procedure.	Most of the time you just say I'll pick a peak.	Which one do you pick. There could be a shoulder here or a hump.	What we do here for doing wave 1, actually, a nice little peak here.	We draw our eye until we get to a downward slope.		And we put our eye back to the earlier peak.
So it's almost like you're walking across the

mountain, and you look up and oh, there's a peak.

For wave 5, you draw your eye from right to left until you hit the slope, and you draw your eye back
up.

Now, so that's for marking what we call the wave peak.	Now we want to mark the valley, which we label as a prime.	And for wave 1 it's the next valley.	For wave 5, it's the most negative point within 6 milliseconds, keep in mind this is for a click, for tone ABR we say the next negative point -- sorry, the most negative point within eight milliseconds.	So for a click ABR it's the most negative within six milliseconds, that's a negative point, but this is the most negative.	So that's where applied prime would be marked, right there.
So if we've got a tone ABR, we go same concept,

click on the peak, and then it's the most negative








point within eight milliseconds here, and that happens to be there.
So I think this was just a video to show how to mark them.
You know what?	We've got our own recordings, why don't we quickly go to our own recordings.
Oh, this is a good challenging one.	Where would you mark wave 5, we've got a challenging one.	You
draw your eye here and pick the next shoulder. Technically this should be wave 5 right here.	And SimHERA puts the most automatically, don't get used to it, you privileged people.
You're going to actually literally going to have to click, it usually puts it here and find where the most negative is in milliseconds.	That's the most negative there.
Technically this is the correct way to mark wave

5.	I just let you know it's not true, because it's SimHERA, you can plot out...oh, it is.	I was wrong. It's a 4-5 complex?	It might be a 4-5 complex, that is wave 5, I did mark it correctly.	That's why you stay with procedure and protocol.
So, yeah, that's wave 5.	Don't call that wave

5.	I actually thought it was, but I was wrong.	So that is wave 5.	So that's how you mark it.








So we can go back to this one here.	Now, wave 5 is what we're trying to look for most when we're doing ABRs for infants because wave 5 happens to be the most robust, the largest almost always there if IoTs going to be there.	If any of the waveforms are going to be like 1 to 5, 5 will be the most robust to the stimulus changes when you get near to threshold.	So we look
for wave 5.	It doesn't mean we have other responses,

at different intensities, you should still mark them as well.
But with differently frequencies, the morphology of your waveform changes.	So just like I can draw the letter "A", like that, I can also draw a letter "A" like that.	I can also draw a letter A like that.
They all have different morphologies, but guess what, they're all letters A.
Does that make sense to you?	Okay.	Because this is it another pet peeve.	Clinicians say they can't see 500 hertz responses.		That's because they're trained to look for 2,000 hertz responses.	 They only see -- they only recognize this letter, and as soon as you do this, that doesn't look like an "A" to me.
Yeah, it is, you just have to...template.

This is the template, see how it's drawn out versus the nice peaky response.	This is a slow








rolling hill F. you're skiers or snowboarders, those are green runs, these are black diamond runs, nice peaky mountain ones.	Don't use your template at 2,000 to look for a response of 500, you have to use the 500 hertz template.	So morphology matters.	....
So here is -- actually I get to it this week,

sorry.	So here is a response to 4,000 hertz, 30 dB

here, a nice peaky response.	There is the peak for

2,000 hertz, 1,000 hertz, 500 hertz, so you can see how the response kind of gets drawn out.		It's got a little bit slower wave, a little bit smaller and less peaky.	You can see the latency change.	Why is there a change in latency when there's a domain (?) frequency.	514, how is the frequency distributed in
the cochlea?	It comes up time and time again.	How is frequency distributed in the cochlea?	Sine typically with the higher frequency based and apex with the low frequency.
INST TONY HERDMAN:	Higher frequents at the base and lowering at the apex.	Remember that travelling wave. From 550, we'll get to how it's not travelling.	But it activates the higher frequencies earlier, than the low frequencies.	So they peak earlier for high frequencies than the low frequencies.
This is very close to the cochlear delay that








you have for activation of bass apex.	That delay happens to be very similar to the peak latence for the wave 5.
So just remember that, cochlear delay.	So we're

not going to want to look somewhere in here for a wave

5 peak because it's not going to exist because of that cochlear delay.	Again, knows your template, look over here.	Oh, and age, so as you age, your responses get tighter and tighter, more synchronous.	These are all to 500 hertz, you can see how the one-month old most
of the response is to in the middle to the right, whereas in three months it's more to the left.	So we pick a window, this is called the signal-to-noise ratio window when we're going to evaluate signal to noise, we need to pick some sections to do the statistical analysis, and we want to capture all of the different variabilities across age of the waveforms, so we take a 10 millisecond window and we try to be able to capture the three-month-old and the
one-month-old.	This is...so that's 500 hertz, there's

the 1,000, 2,000, and 4,000, so you can see how the windows shifts earlier and earlier.
And this is just for your information.	These are all the windows here that we have signal-to-noise ratio, I think I blurred that out.	10 to 20, 25.








10.5 to 20.if I have been milliseconds is the windows. And we have the similar thing for bone conduction.
We need to set these windows because we need to take an objective measure.
So I said to you before, it's your decision at the end of the day whether the response is present or not, you're the ones signing off with an RAUD, and you're responsible, so all these objective tests meaningless when it comes to being reviewed.	They're tools in your tool-box, you want that threshold, I'm confident in that threshold, because I'm confident that's what will help that child better improvement in their language and hearing.
So all of these objectives measures are just

tools, and you'll have a whole bunch of different objective measures through at you, I'm going to publish one hopefully in the next we'll see how Kaily's thesis works.	Maybe in the next year or so that will be another objective measure.	But when it comes down to it, you're the one who is signing it. Your big wonderful, beautiful brain that goes I see something, not some computer.	Those computers are still not better than you.	If they were, we wouldn't be talking right now.	So objective measures.
One of my favourites is called standard








deviation ratio.	So what you need to do is take a measure of signal and noise, because we want to get an evaluation of signal to noise.	When you have a high signal and noise, you think 8 hey, there's a ratio there, I'm going to feel confident that there's something present.
So we've got two replications of maybe 1,000 sweeps, and you might say there's a nice response there.	So it's really a waveform is just a series of digitized points.		So a whole bunch of points which is a bunch of data.	We have a signal-to-noise ratio region that we chose.	And if we average these two,
rep 1 plus rep 2, we average them, we see this nice very large drop here.	That's going to represent our signal and noise; okay?, there's some signal and noise
here.

We can take this amplitude because the average is usually what we say as a representation of our signal.	So this amplitude we can measure its amplitude that's one way of doing it, that amplitude will get a value, I don't know, of 10, that goes as
our signal.	And we need to measure our noise.	We can
measure the noise outside of the window or some other way.

Or we can take the standard deviation of all of








these points.	So standard deviation meaning X

minus -- that point minus the average in that of all the points.	[Writing]...	Standard deviation of x minus x of the average divided by n of the points.	So this is one of the sample points divided by the mean. That's the standard deviation.	We can take the standard deviation, that's why we call it standard deviation ratio.	Standard deviation of the average becomes our signal.	So we've got a good measure of
our signal.	It's a standard deviation, because if

you've got a large signal, you have a large standard deviation.
How we get our noise is we take the plus/minus reference, we take rep 1 minus rep 2.	So this here, rep 1, minus rep 2.	That is also showing a very large fluctuation isn't it.	So we take the standard deviation of that, because that's showing a large fluctuation, large variability.
So we take the standard deviation of all of those points.	So now we have a standard deviation of the average, and a standard deviation of the noise. Hence the term standard deviation ratio.	This is created by Terry Picton back in 1983.	And it still stands today.	It's one of my favorites.	Simple.	And it works really well.








If we take this example, we have 0.34, and the average, .03, standard deviation ratio 1.21.	It's actually not that great.	That would be considered nonsignificant.
Because the fluctuation here is almost the same with that.	Fluctuation and the noise is almost the same fluctuation in our average.	We can determine how statistically significant that is by putting it to an
F test or a Novo value.	If we're doing the standard...and variance is the analysis of variance,
so an F test, essentially the standard deviation is an F test.	We can look that up in a an F or...chart.	So we can determine what would be considered a standard deviation ratio by looking it up in the F table P. but we need to know the degrees of freedom.	Degrees of freedom of all of these samples, well, because they
are dependent on each other, they're not independent samples, we need to get an evaluation of that.	Long story short, Terry figured it out.	It's like -- actually it wasn't Terry, it was Ben...and then he just used that.
If you take the bandwidth of your filter setting

and multiply it by the samples that you collected in that time period in the sample, that gets a good approximation of your degrees of freedom, oh,








multiplied by 2, two times the bandwidth times time.

And when you do that for a bandwidth of 30 dB NHL, that's means the signal has -- that waveform, if I do an NFFT of it, it's about 30 to 600 hertz.	The energy in it.
So approximately -- the bandwidth is

approximately 600 hertz, and your time is 10 milliseconds, so 600 times 1 times 2 gets you 12.	The degree of freedom is 12.	We can look that up in the table, we want a significant value of .05, usually, that gets us an F value of 4.74.	Because we're doing standard deviation is equal to the square root of the variance.	This F is variance.	Take the square root
of that, 4.7, you end up getting 2.18.	If I get a

standard ratio of 2.18 or greater, it's significant. Lower than that it's not significant, according to an F function.
That's what you need to know.	Now we just

eyeball and say 2, it's easier to remember.

However, there are times when it doesn't happen and there's still a nice clear response.	Here is one that is nice...built.	The noise is kind of low.	We see...say it's significant.	Here is one that is below significance.	Do you think there's still a response there or not?	I think there's a response there.	A








nice repeatable response there, for me definite response, yet my objective measure says it's not significant.		So who should you believe?	Whose got two thumbs?	Believe yourself, don't believe the objective measure.	The objective measure is just a
tool to feel confident that it's there.	I'm not quite

sure, I'm new, novice, oh, it's close, it's close, I'm feeling better now.	If that was 1, I would be looking at, I'm looking at noise, I'm trying to convince myself.
Can I take another five minutes just to fill it all in, is that okay?
Residual noise, the whole residual noise criterion thing, we're looking for the maple tree, we need to cut down that residual noise.	We need to get it down to a certain criteria, this is the highest signal I can want to see a threshold -- or likely see a threshold.	So if I cut down the forest to at least this level and I still do not see anything, it's likely no response.
So that just happens to be set by us, not arbitrarily, but semi-arbitrarily, it's based on some data that came out of some labs about a 60 nan volt, which is a...it tends to be the amplitude at 95 percent of the population.	We want a little bit of a








buffer, we want to see a little bit of the tree at the top.	And we say okay, we need to get that residual noise down to .04 and we can see it.	They decided to do dividing by 2, so IHS systems, all of the values relies always double reality.
So here is an example of no response, two

replications, I don't see anything replicating, there's no big deflexion greater than...and our residual noise is below .04.	So I can confidently draw a no response.
I think I'm going to come back to this.	Or do you want to quickly do this as an example?	Let's quickly do this as an example, then we can be finished.
So rep 1, rep 2, you can see how these reps are not repeating too well, there's large fluctuations going on here.
What intelligent hearing systems did was what

you're supposed to do when you take rep 1 and 2, you get the average, plus divided by 2, that gives you the average; right?	To get your plus minus reference, you should be doing rep 1 minus rep 2.	Divided by 2.
Same concept, rep 1 + rep 2, divided by 2, because you have two recordings.	That gives you your honest true reference, of noise, just noise.	What I just did is








just rep 1 minus rep 2 and didn't divide it by 2. Hence all of our noise values are double reality.
It's that simple.	And we still have fun conversations with Raphael who is the owner of the IHS system.	Are we okay with that, it's always double reality, and I should be putting "reality" in quotes, because there's another concept that both are wrong.	Not wrong, it's all relative but when we're considering what standard deviation is, in comparison, IHS, their SNR values, they're hassle of the residual values are always double.
So if we take a look at the standard deviation

ratio value, we get 5.4 because of the residual noise is .022, but in the IHS system, the SNR value stays the same but the residual noise value is double what it should be so, this is half.	Your signal-to-noise ratio, that's what they call it in IHS is always half of the true SDR, simply because they didn't....
So in summary, IHS is always two times the standard deviation, and IHS SNR is always half.	So when you say I see a response and you look at their value, oh, it's below 2, no, you should be saying it's below 1, because the criterion is...really should be
1.09.

So and we still have fun conversations about








this with Raphael.

It's not wrong, just a different perspective. Go for lunch and come back and we can do on
SimHERA.	I'll be back about 12:45ish.	Maybe.	Might

be here sooner, it's up to you.	But I'm definitely going to get outside and go for a walk.	Download SimHERA, it might get me time to get activation codes for everyone.	I haven't used this system for a while, so my fingers crossed it works.	And then...a
little -- go through a little mini assignment.	But if

you feel you're comfortable with it, you can also do the mini assignment, like I said it's up through a video, literally walk through the assignment online. It's up to you.	Okay.	See you at around 1:00, cheers.
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