

March 2, 2026, AUDI 558


STUDENT: Emma's birth day today. If you want to sign it.
May be during the --
INST HERDMAN: We have a couple of breaks. STUDENT: Not now though.

INST HERDMAN: Not now.
STUDENT: If you are interested, it will be circulating. INST HERDMAN: Where will you leave it?
STUDENT: I have class at 10. But you will probably -- you will find us.
STUDENT: We will break before 10.


INST HERDMAN: You have her snap location, do you?


[ Laughter ].


STUDENT: Classroom or I'm in the break out room closest to the garbage can.
INST HERDMAN: You are too old of a generation to be in snap locations.
STUDENT: We don't use snap chat anymore.
INST HERDMAN: PASSE okay. What is the new one? STUDENT: Location.
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STUDENT: 360.


INST HERDMAN: Yelling out front or back of the house.
Where are you? All right.
That was our snap chat location.
I don't know why this is -- anyone else have problems or just me.
STUDENT: Everyone.
STUDENT: I think Doug tried to get IT to come. I don't know if it happened.
INST HERDMAN: They hooked it into this one.


STUDENT: That was me on Friday. We watched bridger ton.


INST HERDMAN: I used do that at SFU too.
The AV people never locked their stuff up. They do here but they didn't look is up. We would go in.
When the internet first came out. I'm that old.
Oh.
There we go. Okay.
I do have admin stuff to cover today.
I hope you have some good answers to it.
So do you have a participant for this afternoon for each group? No. Heidi will be there and yes the



lab is posted.
You will do slow corticals. So this participant you can encourage them to actually have a coffee because they need to be awake for this. And reading a book or something like that.
Okay? So coffee is always nice to have.
You want to encourage someone to come, give them a coffee.
Yeah. So you are basically just sitting there reading a book or on phone. Another thing, these phones work out DC. Direct current. Tend not to cause any noise...so don't worry if you have them reading a tablet or anything. Works fine. Laptops too. 12 volt DC. If they are plugged in like this you will create noise but if it's just battery and you unplug from the power, usually fine with that.
Something to note for in clinic.
When you do slow corticals which we will talk about today. If you need them to sleep you don't want them to be reading obviously.
I think those are the two things I wanted to

cover.



Yeah.
Last in-person lab, right?
So don't forget you are supposed to switch



groups. Who ever went earlier now goes later and vice versa.
Anything else? Yes.
STUDENT: Are we still doing the EGO...lab?
INST HERDMAN: It's the mix between 558 and 515. Next Monday that is. I have not had a volunteer so it will be likely a demo lab, like a not hands on demo lab.
So I will do SimHERA but also have old files from previous years and we will -- I will show you how to put the electrode in. Won't put it straight on TM I have sensitive ear canals and don't want to tear up for the sake -- because you won't be able to see it.
Yeah. Okay. So that works. Yes.
STUDENT: Instructions for the mini assignment five? INST HERDMAN: Not up?
STUDENT: Not that I could see. INST HERDMAN: Okay.
I will -- at break I will put them up. Remind me at break.
Others? No? Okay.
Now, it does seems like packed day for lectures



because we have to finish the clinical steady state and we were tired last week. Don't worry, there's a lot of slides and it will be five, ten, minutes because there's not a lot to cover.
I should not say that, we tend not to use steady state here for clinical thresholds so I won't -- you will probably forget it by the time you get to practice so I don't want to waste your time now. And we will cover new born hearing screening. A lot is scattered in all your courses so and then we will get into slow corticals which you will do this afternoon.
In person.
Sound like a plan? All right.
So for this, it's really you can sit back and just listen. This course is all practical hands on assessments. You are not doing multiple choice. So just for your learning.
All right.
So steady state response for clinical. We learned that last week.
There are many studies done in adults and quite a few in infants too. These are the just the normative values for typicals for what the average typical adult will have for threshold in dB HL. So just showing that about ten or 15 dB HL is considered



normal.
And relative to tone ABRs in adults about the same. Pretty close to what you get for tone ABR.
This is actually what you would end up doing if you did threshold search for steady state and remember putting the four per ear.
So this is showing what it looks like for four in one ear and that this is 0, 10, 20, 60, 70, and 80, these responses for 500 Hertz go down to 0. Ten Hertz threshold. The filled in triangle is means it's significant. Forgot to mention that. Significant down to 0. This one is 10.
And then this one had a 70 dB threshold and there were 4 thousand Hertz was 80 -- you see the behavioural thresholds down here. Pretty bang on what multiple steady state showed. This is showing single steady state. Showing the same as multiple.
So you can do threshold searches with steady state. They are quite accurate. So good clinical use.
And this is just showing is represents hearing thresholds pretty well. So physiological threshold so steady state is on the X axis. Behavioural is on Y. You want it to fall on this solid line and you get this nice high correlation. So if you have 50 dB



hearing loss, behaviourally, your steady state will be around 50 dB as well.
This is some of my PHD work. Showings steady state response you don't have the off frequency listen...it matches the audiogram.
So behavioural audiograms here are -- can't really see it but are the filled in circles and the steady state, look at the plus signs. So they match the slopes and the configurations nicely. Yeah a bit off on these, but for the most part when they have steep sloping losses does a good job. I mentioned last week about 40 Hertz and slow corticals. 80 Hertz this is in adults. Not much difference in the thresholds, things were all elevated. The 40 Hertz thresholds were all little bit elevate but matched what the corticals. The time was about half. So slow corticals took advantage.
That's what it is here. This one. Time in minutes.
40 Hertz took 21 minutes to do. Slow corticals took 12. From a clinical management perspective you get more clients and assessments through. They are as accurate so don't bother doing 40 Hertz...more objective so you don't need a clinician trained on recognizing slow corticals potentials but if you train



them up well, then you are going to end up saving all of your time any way. Just spend more time training and it will save you half the time in recording.
Think about that from a management perspective.
Spend a couple of weeks training someone and you half your time in clinic.
And then infants, I will just quickly go through these slides.
Basically, infants -- there we go, this is the number of steady states that will be present at the different frequencies in infants relative to the intensity. At about 50 dB HL, which is similar to NHL, that we have majority of them with responses.
Majority of infants with typical hearing. These are our max -- normal intensity -- I have to change this. It was meth -- it's been changed. Vetoed. Because Heidi, you talk to her about it, she came up with a better one.
So oh, maximum intensity...MINH. Max intensity for normal hearing. This is for normal hearing.
Majority of the population of infants had responses. This is just further -- whether you pick 90 or
95 percent.
So these are the minimum -- sorry. Max intensity for normal hearing for steady state



responses so 500 Hertz is 50 dB. And if you remember
500 Hertz for ABR is...steady state response have a higher floor, basically, for considering whether it's normal versus abnormal hearing or typical or atypical.
So it could be used for establishing normal quickly but you will possibly miss minimal or mild hearing losses.
So recording times, I talked to you about this last week, recording times you think four per ear, not eight times faster because of the interactions.
Recording times to get response in typical hearing, this is in normal hearing in both ears is --cumulative percentage of infants who responses in all eight -- four in each ear, 15 minutes. ABR you need about 20 to 30 minutes to get that. A little faster. Not 8 times faster.
Then hearing loss there's a bunch of studies I won't bore you but this is a good one that's quoted a lot. If you look at steady state responses this is steady state response in infants with hearing loss.
You want on this dotted line -- steady state is on the X...you see there's elevation compared to behavioural. Bunch clustering of severe to profound hearing loss but it's one of the papers that is quoted the most.
This is another one showing nice correlations --



air conduction, and then bone conduction -- this is done in 2007. Work by Jenny haden. Susan small and Sapells and this is showing the same trend you have for ABR where you have 500 Hertz relative to maturation. Lower for infants compared to adults.
And really, it's kind of flat for 4 thousand
Hertz.
Issues about the spurious findings or spurious
steady state responses I told you about the transducers, that can come into some of these studies. Need to be careful with that. Here are results for B.C., steady state responses.
So showing pretty good correlations.
So you can use AC and BC steady state responses.
Basically the message I want you to go away with.
We will do this -- scanning through a bunch of stuff. We don't use steady state clinically because ABR is still the better approach. It may come back. I don't think so because there's been so much research done on steady state response that I just -- I just don't feel it will come back as being better than ABR.
And that comes to this January 2020 -- should be 2026. ABR has a huge database. We have a wealth of clinical experience using it for multiple centers and programs around the world.



And there's only I think Cuba may be Brazil, are the ones that mostly use steady state for threshold evaluation but I think almost everywhere else uses ABR. That being said, some use click ABR. Which I told you don't ever use clicks for threshold. Almost never. But there are places that are using clicks.
Unfortunately.
So this is how we approach it in B.C. HP. You have the option as clinician whether to do this or not. You start with steady state response and if any of them have an elevation, they don't have the MIN --max intensity...then start...this is why clinicians tend not to do it. 50 percent of the time you get present in both ear and move on and -- so they flip a coin. They tend to just go right to doing tone ABR.
Left ear, right ear, two k. Pretty sure it's normal. 2K is normal on average.
This is just saying whether or not you get false positives and negatives. That's possible but -- this is for one frequency.
So when you consider everything, all the other frequencies together then you are at about 3 percent.
So the gist of it, steady state is cool but stay with ABR.
So sad. I like steady state.



Such a cool concept.


STUDENT: Easier than ABR.
INST HERDMAN: You have done them. Did you do -- use ABR or steady state?
STUDENT: Actually for diagnose stage, we use... INST HERDMAN: At the same time?
STUDENT: ABR additional ASR...and the results --STUDENT: Can you use the mic.
STUDENT: Sorry. Yeah we use ABR click ABR with ASSR to --INST HERDMAN: First click?
STUDENT: First click, yeah yeah, and after use ASSR and behavioural BOA.
INST HERDMAN: After that.
STUDENT: After that. And all of them result in prescription hearing-aid.

INST HERDMAN: But you can't get BOA until later so do the prescriptions depend on the steady state response thresholds.
STUDENT: Not just steady state.
INST HERDMAN: What do they use them? What do you use for prescription?
STUDENT: Behavioural is --
INST HERDMAN: You can't get behavioural until they are 9



months.
STUDENT: We can use BOA and reflects of the neonates.
INST HERDMAN: That's an approach you can use. You probably learn what BOA is. And all of its pluses and minuses. So we rely on steady state -- in that case rely on the steady state thresholds, not BOA and ABR if you do ABR we rely on the ABR thresholds as we find they are more accurate. That's the deference. There are deferent protocols and clinical protocols for around the world. I'm tasked with doing a second survey. Figure out how to melt all of these together to do best practices. Certain things just because BCHP is toted as one of the best doesn't mean we can't learn from other programs. I hope we get there --2026 -- 2027 or 2028 is the next meeting.
Yeah.
So yeah. Another thing I have to do.
Yeah. So other questions about steady state? No?
All good? Okay.
Let's move to screening then.
This is going to be quick so about 10 minutes and then we will take a 10 minute break. Good?
Okay.



Okay.
Although there's so much to talk about. Have you had a lot of intro to screening yet?
With Doug?
No. Who did you get it by?
STUDENT: Sasha.
INST HERDMAN: Okay. So in new born hearing screening? No so this is more of a kindergarten screening stuff like that? Yeah. Okay.
May be.
Okay. I will cover more of the new born hearing screening quickly. Kind of nut shell.
Like, quick overview and show you where electro physiology can come into play. We will cover more in 515, OAE screening which covers part of new born hearing screening and I think Doug covers more of it in your next year.
In September.
So here is my thing, and it comes to -- I'm not the screening expert but I do consult with B.C. hp about certain things.
I was asked to talk to them about my impressions about the screening database that they have.
And one of the things that they could do -- this is side note -- is when you go into the database you



can do a bypass and that was by pass screening. Why by pass screening? Oh well the doctor probably had history and said by pass. I said that's not a by pass, that's actually a screen. Taking a history is a screen. What is the likelihood -- the whole purpose of screening is what is the likelihood that they have a hearing loss. That's the screen.
So I said, you should not put it as bypass. You should put it as refer. So my point is even in your database don't think about screening because OAEs are screening. No OAEs are a method under the screening umbrella. If you have family history that's a positive sign for likelihood of hearing loss. You screen them. Risk factors here is part of your screening program so don't think that OAEs are screening. OAEs are part of the program. So family history, ICU -- ICU is also an indicator for hearing loss because majority of the hearing loss cases that you will get referrals from are from the NICU. Infections CMV bang...that is definitely -- you don't need do -- go straight to diagnostic. They will do the OAEs on them because part of the program but that's a definite -- you go to diagnostic. Diagnostic is the detection part -- screening detection and intervention.



Sorry I sometimes use those terms interchangeably. Craniofacial abnormality. If they have atretic ear -- that's -- some physical findings like white forelock. That's a -- I forget the name. That's a syndrome that has permanent sensorineural hearing or conductive loss [reading].
All of these things can -- yes.
STUDENT: WARDENBURG.
INST HERDMAN: Thank you.
Syndrome.
And obviously head traumas and chemotherapy but hopefully newborns don't have that. Some young kids might so still fit in there. This is the percentage of risk factors that -- and weighted averages that you will find. No known risk factors, 41 percent will still have hearing loss. Still need do AOEs but if you flip that number, 59 percent of population will have risk factors. Do your proper history. You will be clinicians, you can gain so much information by doing a proper history.
Do it.
Do it properly.
59 percent of the time, you just need to do
that.
So may be make sure you do a good history.



Sorry for saying it. I have seen it time and time again in my own life that clinicians are not doing proper in depth histories. We are relying too much on physiological measures and nonhistory like measures as the indicator when half the time just take a history.
Okay.
Any way, so the prevalence -- I showed you this graph. We are trying to capture all these to the right and not capture the ones in the normal. So you have to set the criteria. That's percentage of births. Depends where you set the criteria who you will capture. B.C. HP we capture kids 25 dB and higher. They could have 25 dB loss we don't capture these kids. Australia and New Zealand they do. Some programs do 25, some do 20.
I don't think anyone -- shouldn't say that. If you do click, you will probably capture kids who are
30 or 35.
So -- okay.
Oh, the other thing, don't forget capturing percentage, one in every 500 kids will have permanent hearing loss at birth. Or my daughter got it later, those are late on sets. That's another 1 in 500.
So this is the importance. Unfortunately we don't do kindergarten screening anymore. That's my



opinion.
That was just a recent change.
I think -- I think for may be in the urban centers or parents in the know, that's going to be okay not to have the kindergarten screening but I think for those families who are not in the know and may be more rural areas that don't have the access to the care health services I think we will miss kids which is up setting.
So any way.
So I don't know what to say about that. Did Sasha mention why they changed it?
No?
I don't know enough about why they changed it.
All of a sudden kindergarten screening doesn't happen.
Yeah.
STUDENT: Oh no. I was talking about kindergarten -- wait.
I was looking back at Sarah we saw pediatric observation at B.C. H.
And I asked Rhine about kindergarten screening in Fraser health and why they stopped and it was budget cuts.

INST HERDMAN: I can talk about this because it's part of the class.



It's politics.
But it's part of the class. Right?
So they are cutting the budgets because they don't see the benefit of finding one in 500 kids --might not be 1 in 500 -- if we get half of that. One in a thousand go missing, they don't understand the value of getting that screen and the impact on that kid's -- family's life and their potential for later education impact.
And I see it all the time because DELILA -- she will come in and you can ask her questions but I see it -- her activism and in schools and I go with her to meetings and interact with the kids, and stories and things she tells me and a lot of the kids are late on set or they are immigrant families, they were not screened as kids, babies so come in at 2 or 3. They won't be found.
And oh you are a late language learner. No, you have a hearing loss. No DUH. So I find it very --I'm very dissatisfied with that because of budget.
Because it will end up costing us more in the long run. As politicians work -- I know -- I don't want to say who, one in my family, we don't align well, we didn't, he aligns better now, they work off two to



four year cycle...they won't fund it.
Majority of them don't do that but the ones who start getting into power they do it because of votes which is dissatisfy -- I'm dissatisfied with that because of the whole point of governing is to provide a means for us, the people, to enact globally.
Not just a miner, local. They are doing things not beneficial to overall society, I find disheartening. The fact they stopped kindergarten screening will rear its ugly head and you will have to do the best you can when the families come in and they will be like, why didn't we know sooner? And you will be like call your MLA write a letter, try to get it back. That's my soapbox part.
The screening program happens at multiple stages. Getting back to the science. It has to happen in multiple stages. We have early congenital and just as many late on sets. Viruses. Trauma.
Head trauma. Kids fall. Kids bounce but they fall a lot.
So --
STUDENT: Syndrome -- progressive hearing loss.


INST HERDMAN: Yeah and syndromes for progressive hearing loss.



Yes.
So progressive hearing loss, they don't be picked up on new born hearing screening.
This surprised me when I was younger.
Younger, PHD student. Hearing loss is the most prevalent congenital disorder there is. Even with all the other ones combined. If you combine all the others, down syndrome, sickle cell, all these, you combine them, they just barely add up to the prevalence of congenital hearing loss. So it's surprising how much funding goes into the others but not these. But hearing loss is not considered a life threatening like sickle cell, things like that.
But given the prevalence wise, the funding is different. So makes up the majority of congenital conditions. This is what you will take home with you -- not the whole...new about doing hearing screenings before Christine. Christine
Yoshinaga-Itano is this wonderful person. I met her as PHD. This is the first conference...I got to meet her. Lovely.
She has built a career on this.
Because it's so important. And this is one reason why we have EHDI programs. Her research showed why we need them.



So these were the studies that happened -- only 1998. That might seem long ago for you but I was just starting my PHD.
So it seems like yesterday.
What it showed is that if you can intervening by six months of age, their language ability, language quotient almost stays typical. If you do not intervene by that...then the language quotient -- this is adjusted total, is quite reduced. This is 80, down to 60. 20 point drop. Intervening by six months is highly important.
And then if you look at people who -- infants who have likely cognitive low cognition, people with down syndrome, so those conditions that you know will have cognitive challenges, if you intervene early, same issue, the language quotients are almost typical.
If you intervene late, after six months, the quotients are about 20 points down.
So that's the reason why -- this is the reason evidence for EHDI programs and it's solid and it's been repeated over and over again for multiple sites.
Not just Christine's work. We have to screen by one month. Need to identify by three. To allow us to intervene by six.
So that's the one three six rule.





home.

Screen by 1 months...please take that message


It's important for language. Sarah.


STUDENT: The new protocol for JCIH told us that we should...at three months. One two three.
INST HERDMAN: Yeah. So we will talk about that. This is the joint committee on infants hearing. They are recommending now that we do screen by one month, detect by two month and intervene by three months.
The data is good showing we get better language if intervene by three months.
STUDENT: Is it possible.
INST HERDMAN: Majority of the time it's not feasible given the large amount of kids and the funding we have. If we had funding, we can hire all of you as ABR audiologists and yeah we can probably do that but each year we hire 12 more, we can do it. But we have to screen 45 thousand kids in B.C. everywhere.
Up north too.
Where we don't have huge access. So there's access issue.
But if we could, we can do it. It's a money
thing.



Now, how much improvement in their language do you get? That's the debate. We put in 20 million dollars per year just to do this, and the language quotient improvement is like two points.
STUDENT: Cost benefit.
INST HERDMAN: Take that 20 millions and put it over here and help something else. Reduce pharma care or something. This is where the government, government officials who work under the politicians do a good job and I have met a lot of them. They are really good people and they really try to make sure the politicians don't squash things. They are in there because they are acting government but they have to make that decision. A lot of people are making these decisions. We have 20 millions where do we put it?
One two three I need to look into more but it's going to improve but I don't know if it's feasible. I don't know the benefit. I need to see more data on that.
But you know, the JCIH is a pretty good review panel for doing all this information.
So get some funding, why not? Yes.
Long term benefits, I just can't emphasize this enough.
I remember a number and I would have to check but for every one dollar you spends in the EHDI



program you get 7 dollars back in ten to 12 years because of the services used if you don't detect the hearing loss early and the educational services that child needs so that costs you 7 dollars later. If you detect early you will save 7 dollars in the cost later. That's a direct...think of the impact of the children later on if they have full language abilities from the get go. Language and cognition are intertwined.
Okay? So they are highly mixed. Some cases --this was a case where a girl was I forget the name --
STUDENT: Higher than?
INST HERDMAN: No she was put in basement and left without any language input for 12 years.
STUDENT: Jenny.
INST HERDMAN: Yes and then they found her and she basically still had some cognition so this was the debate about language and cognition because earlier models like CHOMSKY and others like language and cognition are inseparable. You need both. We know language is important for cognition. If you don't have the language input then your cognitive abilities are lower so your ability to prosper in society is lower. You add those cost and I think predicted one dollar spent now is 15 dollars return to the -- to



society. I suspect it will be higher if you take the anxiety and stress the parents and child would have. Probably I bet one in 50. That's the stuff to think about. Think about what your role here as audiologists and how that impacts later. It's huge.
I will steel this quote from Bryan -- did you take him? May be he was on sabbatical.
Language is a vital system.
He took that in a language sciences meaning for us. Vital. Think about it being vital. It is vital to your survival.
Once he said it, it clicked for me. Vital.
Think about not having any language and being able to go through this world.
Now think about reducing your language.
Aphasia. Reduction of language. Think about going to another country.
Being able to speak another language.
If you can't, I have gone to France and they laughed at me when I spoke French. I tried. If they didn't speak English I would have failed miserably.
Think about that from a language perspective. It's very important.
We talked about one three six rule and physiological measures. Screening, remember history.



Now we have physiological screening measures. OAEs and click ABRs. We use click ABR as automatic screen because it's fast. Steady state response actually some systems use auditory steady state response as screening. It's slower than click ABR but you...
Okay.
This is how click ABR works. Actually, let's take a break.
We will come back to this. I just realized we were already like 40 minutes in. I thought it would be faster but I got on a soapbox. Sorry.
Public service announcement. I don't know what you call that now.
I got on a public rant. [Break].

STUDENT: Always frustrated, I have repressed anger.


STUDENT: Yesterday you were like life is so happy.


STUDENT: Yeah.


STUDENT: You were so happy. What happened? STUDENT: The sun is gone.
STUDENT: It's there.



It's right there.


INST HERDMAN: So you are from planet krypton and you want the yellow sun to rejuvenate.
Sarah back?


STUDENT: She went to get help with her lap top.
INST HERDMAN: She might find this repetitive. She was practicing in Iran so I will keep going.
Yeah. Okay.
So I can go on and on about my repressed feelings of government funding but that would take more than this entire class. The good thing is that at least in Canada, we have a structure of government that allows for -- I will be careful -- proper lobbying.
We still have lobbyists and the way the government from my understanding is structured is allows for lobbying but not overtly manipulating the system. When we take our stuff to the ministry and say we want this program B.C. HP to happen, they did that, the ministry listened and looked at it from a logical perspective and then funned it. We didn't have to -- oh we will put in a bunch of money for you to vote for it. In Canada we have structures and



legal systems that don't allow for that type of lobbying.
Sorry, being cautious. Okay.
So any way, so we use -- I said don't ever use a click. We use a click for screening. So we don't use it for threshold detection, we use it for screening.
Really what is does is we put in a click, it matches it to this template. This is the template in this -- when it doesn't exist really anymore but it's in the template for everything, and then you pick points on the actual ABR wave form you get from the infant and say, does this ABR match these points here from the template? Yes it does, pass.
No it doesn't, on however many -- I forget the algorithm, if it doesn't match, fail. You fail, move on. Automatic ABR is what we tend to only use in the NICU.
So we usually do dual screen, DPOE -- fail then we do a second screen. If it passes you are good to go, if it's fail, move on to diagnostic. In the NICU it's OAE. Not always. Sometimes it will be automatic ABR twice.
I won't get into too much of that. Evoked autoacoustic emissions...those are



different types. Transient. TOEs are click and DPOAE...two tones put in and you get distortion...in
B.C. we use DPOEs and in Ontario they use TOEs Alberta I think is using DPOEs. I forget -- every screening program will use a different one depending on -- they basically turn out to be the same.
You're referral rates are the same. It's just whether or not -- like a metre stick and yard stick both measure the same distance. Just in different units.
So you can use both.
This is just to show you automatic -- have you learned about receiver operator curves? No? Okay. Here is the -- we called the term skinny. Low down, the simple way to interpret -- I will describe it and then show you -- you put the false positive rate on the X axis and then the true positive rate. False alarms you don't want but you want hits. You want to find the kids who have hearing loss and find 0 kids who have typical hearing. If that were the case, the line would go straight up to here. You find all the kids with hearing loss and 0 kids without hearing loss.
So the false positives are the ones without hearing loss.



The hits are the ones with hearing loss. Here is the easy way to interpret ROC curve, the farther you go up to the upper left corner, the more discriminative the test, the better. That's it. The dotted line means one to one. Might as well flip a coin. Not very discriminative and if you are below that, that means you really suck. If in the bottom right you shouldn't use the test. You are finding --it's the opposite.
It's the opposite discriminatory test. You find all the kids without -- before any you find. It's the flip reverse. It's relative. Don't want to be in the middle. Want to be on the outer edges. The upper left or lower right. That's discriminating in both directions. This is saying automatic ABR is better discriminator than TOAEs...that's but automatic ABR takes longer, and takes more training and needs more equipment. What we find with DPOA screening we capture almost majority of our kids. Rene from year two we will have to wait on her data before I can tell you how much kids we miss and how much we get.
That's her research.
And I'm submitting a grant on that tomorrow morning.
So hopefully we will get funding so I can tell



the group sitting there in two years time what the data are.
We could use steady state responses for screening. Works pretty well.
Oh yeah, there's the screening. So Ontario uses...I have to change that but in B.C. we use DPOEs and automatic ABR and do tone ABR and the NICU is dual ABR.
And then screening protocols you can find on PHSA web site and there's a whole thing of screening. Navid is the one who consults with them about screening. He is expert on that. And wide band tympanometry is another thing people are look into whether it can support screening. These are the stages.
Now most of the time screening you are not doing it as audiologist but most of the time it's the screening technologist that does it. I like this, slide from Martin high. Clinical experience matters.
...we don't have the data yet. Hopefully we get it in a couple of years. But the number of babies screened and refer rates, this is the clinician number of --technician so the more the technician screens, the lower their refer rate. You are like, well don't we want to refer more? No. That would be nice to have



the data capture rate. You don't want high refer rate. You are capturing kids who don't have hearing loss.
So if you don't screen a lot, you won't be as good at it or as well practiced at it.
So think about just menial tasks you do and it's like -- here's analogy, I like to cook learning to cook like Indian food so I learned nice butter chicken. If I do that again, now, because I have not done it for over two months I need the recipe and I will suck and won't taste as good. But I was dialed in. It was good.
But if I do it now it won't be as good. The more you cook or you do it, the better the outcome is.
All right.
And timing matters.
Okay. Timing of the screening matters. And also whether it's a vaginal or C section birth matters tends not to be too much but -- if it's early within the 24 hours, just the birthing process usually gets most of the ear gunk out so you don't have failed screenings due to middle ear issues.
But usually, if you screen early you will have a higher refer rate.
Just that's just the way stuff happens.



I think Navid or Doug will cover this so I won't go into it too much.
This is my other rant.
I guess -- I will go on another rant. Sorry.
Although I could probably change my rant now and it's unfortunate that I can change my rant because the US has changed its way of doing things down there globally especially when comes to equity diversity and inclusion which hearing loss falls under. Christine's work, colleagues there that I know most of the funding was stopped for 8 months and don't know when it will continue when the current grants end. Their ability to also conduct the research but also do the clinical work is also becoming problematic given their issues.
So I used to say that surprising that Canada has universal health care yet we lag behind the US in early hearing and -- early hearing detection and intervention programs.
I think we are going to start -- go Canada go.
We will -- it's because the US is coming down which is the sad part but we are moving up.
So I was part of -- still am part of the infant hearing task force, have not had a lot of involvement recently but they came out 2012 and 2018 showing how



the provinces and territories -- how their EHDI programs if they even have one are meeting standards.
So here is the thing, screening is one thing.
You can screen and say okay that kid likely has a hearing loss but if you don't do anything with that, and it doesn't lead to intervention within six months why bother screening them? This is the problem --they will go to the government and say we need a screening program. How much does it cost? This much and it's cheap compared to the diagnostic, detection and intervention. So fine we will fund that.
But there's no detection and intervention on that. So if you ever get go to a different province and get into that field don't just go for screening. You need the detection. Great you found a kid with hearing loss. Now what?
So Alberta was the first to start this whole EHDI program in Canada.
First to begin. Unfortunately given their provincial government structure they stopped it within the first couple of years.
And it's lagging behind. Even though is says sufficient here, it's not across the board.
We are trying and I'm work with them to try --
B.C. and Ontario are still kind of the best.



Surprisingly NWT has a sufficient one. Some grads from here went there to implement this. Go UBC. [Reading]. The two big programs are B.C. and Ontario. And then the other provinces have been using either BCEHP or Ontario's program as their templates or guides.
Saskatchewan was almost there.
And then the government changed. And they just slashed it entirely.
Screening, everything.
It's now just a private audiologist.
So if you are born in northern Saskatchewan and you have hearing loss, you won't be detected.
So yay, go universal health care.
STUDENT: Are there like private audiologists in Saskatchewan that have ABR equipment and because in BC, I don't think there are.
INST HERDMAN: No. Not allowed to.
STUDENT: Make it more interesting. Usually if lack of public services people with money it's not a problem because they can access it. But everyone loses in this case. Right?
INST HERDMAN: Saskatchewan model.
STUDENT: And B.C. people with money can't get over the barrier -- can't just pay for private.



INST HERDMAN: So we are getting into this. We should.
Right? We should. Thank you for bring it up. So the two tiered health care system model,
Australia uses it. I can talk to you about the south Africa one because they definitely use it. And I have a friend who went through med school when I do PHD work -- and they're their system, it tends to work okay because they still have a net for the ones who can't pay. The better health care goes to the wealthier clinics and that's the nature of it.
Now those two tiered -- I have my open opinion but the two tiered system as long as you can take from the upper tier and fund your lower tier, they can work.
Australia sort of proven that it can work. New Zealand I think is universal and but US was going that route until they had a change in their political structure and now flipped the other way. It's for profit. There's no taking from upper and given to lower. The Saskatchewan -- the EHDI program did that too. They said public health care you are not going to do this.
So private you take it up.
So the private is now going to pay more for it.
If you can't afford it, you can't get it.



So that to me -- this is a debate political, I won't give you my opinion, I want you to think about it, there's a movement to make health care a human right in Canada.
So if you are in the belief of that, then -- if that went through, what Saskatchewan just did would be violating human rights.
So that's the kind of thing that -- question you need to have in mind. Is health care a human right under our society, if so, putting into a private system, I'm not against private but as long as you have a publically funded system that allows for proper health care delivery, fine, go private and allow other people to pay for it you have the money. I don't have a problem with that but I have a problem if that system defund the lower tiered system.
So Saskatchewan went to completely for profit private system and there's no way of screening these kids from rural areas whose parents don't know, who are not affluent and hearing loss is not geographically targeted. It happens because of genetic congenital reasons typically. If you are not on delayed on set or viruses and they may affect more of the rural areas because of that. Measles if not vaccinated so you end up having kids who won't be



detected until three or two years of age. That's a challenge. Depending on the society you want -- I want all of these sufficient. We should not have to be separating this out. We separate it out because the way the government works is that the federal government takes your tax dollars, put in a big pool of money and then go, here, B.C., here, Alberta, here Saskatchewan, here, and they deal with it and they trickle it down.
I want to see the program be universal, Canada
wide.
So that is a big challenge. B.C. we do not -- I
have to be careful about this. There's a legal issue on it.
Can't say that either.
I can tell you that some people tried do it privately.
And we ended up -- B.C. HP ended up having to take those clients and reassess and evaluate them because it wasn't done to our standards.
Because the private clinician wasn't trained in it because they were not trained here.
And they decided to practice outside their scope. I don't know -- I believe the college got involved. I don't know the end of the story because I



went -- not mine to deal with.
But it is important thing.
So you should be trained in these things but not every clinician is trained in everything.
We don't have the time.
And they might have come from a different country.
Or even province who doesn't have this EHDI program. Consider yourself well trained.
Hopefully if I'm doing my job right.
So in B.C., only B.C. HP approved audiologists can do ABR testing in infants.
I believe that's the same in Ontario.
Did that answer it work through it? More discuss.
STUDENT: Another time.
INST HERDMAN: Another time. Gee you got me going.
Buy me some juice -- grape juice. I like that. Then we can have a good conversation. You are welcome to have wine.
Okay.
I said it would be ten minutes.
You got me on something I'm passionate about.
So hearing loss is we might miss. We don't know but mild hearing losses we won't capture and this



could be options about auditory neuro pathly...spectrum. I don't know if I have this in here. Said that they missed one out of like I think
100 thousand or 200 thousand babies screened. They missed one ANSD case but it showed up relatively early because it was a medically complex kid so they didn't technically miss them but the OAE screen missed them.
So clicks.
You will miss losses like this. This is the problem with doing click ABR screening.
So this is their behavioural audiogram so obviously the click will be picking up responses from the lower frequency regions and cookie bite losses which are quite rare by the way.
Questions?
STUDENT: About the -- what is the result of the ABR for this --
INST HERDMAN: There.


STUDENT: All of them?
INST HERDMAN: Which is this? Terries or David's. Well it's actually from...Smith...any way, so I think -- I don't know, actually. It's one of them.
One of them. Yeah.



But they should -- right?
Because this is 60 dB loss, if it's this one, they are picking up these frequencies. If it's a cookie bite they pick up these. Regardless of which one it is, you miss their hearing.
STUDENT: What is the result of ABR click ABR for both of them?
INST HERDMAN: This is the click ABR. I just don't know which of the profiles it's for. I would have to read the paper.
Okay.
This is click ABR for how many misses. This is the whether to do bone conduction or air conduction. I debate about that. If the ears of the kids are gunky at birth, why not put a bone conduction on.
It's harder but you will have less false positives.
That could be cost saving.
So I don't know. I'm not a screening experts but this data gets me to wonder why not doing bone conduction screening instead of air conduction screening.
Yeah.
Oh, well, yeah, the flip side, right, you will miss the -- likely miss the permanent conductive losses. Now I remember. So always a flip side to



things. That's it for screening.
I know I took longer. This is -- it's the beginning of all of the things that we try to do along the way and there's -- it's important and -- it's so fortunate we have this. Like, I'm older. Going to be turning a number that's over 50 in a few days and yay.
And but I didn't get screened for it.
And actually, come to think about it, given your age, if born in B.C. or any where in Canada you were not screened either so this is a relatively new program.
But it's important. That language development that can happen is important to get into these kids early.
Anyone take courses by Janet worker? She's professor in psychology. You may have learned of her work. Global versus local language infant stuff?
That's her work.
By the age of 12 months, if the kids go from globally understanding all phonemes and hone in on their language and unable to discriminate nonnative language so think about that from the perspective. These kids -- the brains way of developing is to figure what information is coming into their ears or even expressive visual language, to understand their



world.
And they are doing it through really cool
adaptive learning procedure which Alexis black is studying. And that happens all within 12 months.
So if the parents and family members of the kids think that the sounds that they are giving to the child -- the child is receiving that and processing it and will develop normally but they are not, they are going to be later delayed for any type of honing of language so they will then have to see your class mates, colleagues, SLPs to try to get back up to speed with that. There's not a critical period but there's a sliding window of where this development -- when this development is best to happen. Tends between age birth and eight or nine months of age. By 12 months they have become selective local language learners.
So there's aspect of it. About understanding how hearing loss will intersect with language development in the language in which being spoken or delivered to them through spoken language or visual language. So think about kids who are profoundly deaf, if you don't identify them early, and you are not giving sign language, they will not -- there's a big movement, especially with my kids, teach your kids sign language. I tried. I sucked. Too many things were



involved. Oral language was simple for me so we did that. I recommend teach your kids sign language if you can. It's a wonderful language, so rich.
So I wish I knew it.
Did you need another quick break? Yeah? Then we will get to corticals.

STUDENT: Lecture slides --
INST HERDMAN: MLR and corticals, I think. STUDENT: 11.
INST HERDMAN: Lecture 11.
Then you have a lab this afternoon.
STUDENT: In person. INST HERDMAN: Yeah.

STUDENT: One or two more lectures left for this class? INST HERDMAN: No.
STUDENT: Not much. INST HERDMAN: Really?
That's why I'm sad. I won't teach it next year.
I'm on sabbatical. I love to teach so I have to figure out how to fill the time.
STUDENT: What will you do? INST HERDMAN: Research.
We have 40 percent research. 40 percent



teaching. 60 percent research, 60 percent teaching and 80 percent service.
...teaching and I will go 120 research. Add it up, that's 200 percent.
Take a break.
I was supposed to do something about assignment
five.
[Break].
STUDENT: If the way of birthing a child matters, how about are IVF babies more likely to.
INST HERDMAN: No. Whether or not you fail the screening, not prevalence of the hearing loss.
STUDENT: Any research on IVF babies versus naturally conceived.
INST HERDMAN: Knowledge gap for me.
STUDENT: Because I've been seeing research done on how IVF babies are more likely to get cancer early on. I think. I need to fact check this. But that's what I heard.
INST HERDMAN: I would be shocked.
STUDENT: Don't they genetically screen IVF? I don't know how it works.
INST HERDMAN: They can. It depends on I think Canada -- I think -- did -- some countries didn't allow that I thought. They usually pull one of after it gets to be



the blasto site, after they get to 16 cells they pull one and do a screen I believe.
But I don't know whether or not anyone has done studies on IVF and hearing loss.
That's a cool thought.
STUDENT: I was thinking about it after we looked at the vaginal versus C section, because my siblings and I were all IVF, C section babies.
INST HERDMAN: Aside from the other things like CMV viral infections from mom, I can't imagine why IVF would be different from natural insemination.
Just knowing my physiology, I can't see why. But there could be something with the hormones
but --
STUDENT: May be I will look into it.


INST HERDMAN: Yeah. Because usually the drugs they give for IVF they could change some of the uterine environment but --
STUDENT: Shouldn't be associated with hearing loss?
INST HERDMAN: I don't know how it would be associated with it. It's just hormonal changes. It's a natural hormonal process that they are -- they couraged more. If you are on berth control pills it's just heavier doses -- estrogen and progesterone applied...so I



can't imagine how the hormones would be transferred into the ZYGOT. I'm working through my head now.
HMM.


STUDENT: I will search it up.


INST HERDMAN: Have you seen the movie GATICA? Oh God.


STUDENT: It's old sci-fi movie. I have heard of it.
INST HERDMAN: Watch it. Cool show about eugenics basically, GATACA, you got it.

STUDENT: 1997?
INST HERDMAN: Probably.
With I'm seeing his face.


STUDENT: James Franko.
INST HERDMAN: No. The other one.
ETHAN hawk does a great job in it.
Cautions us against becoming in the eugenics thing. Not just because of that but you need variability and wonder.
If you only eat garlic every day you gets bored
of it.



STUDENT: Looks like James Franko.


INST HERDMAN: I don't know who that is? Sure.
Sarah is like James Franko, sure. I don't know who he is.
Good show.


STUDENT: They look alike. When they were young.


INST HERDMAN: He's chopped.


[ Laughter ].
Oh I got to tell -- good work. Okay.
STUDENT: Do you know about UNC? INST HERDMAN: No. What is UNC?
You can't say?
STUDENT: It means uncle but it's like chopped and UNC.
INST HERDMAN: Uncles are revered in some cultures. Is uncle bad?
STUDENT: No. The way the kids say it. INST HERDMAN: It's like a chopped UNC?
So if --
STUDENT: Saying old and lame.
INST HERDMAN: Okay. I will use that.



Yeah I'm just a chopped UNC.


[ Laughter ].
Okay. Cool.
We are having fun today. That's always good.


STUDENT: Your mic is off.
INST HERDMAN: My mic is off. Now on. All good? All right. Chopped UNC.
All right. So we will do middle latency responses and slow corticals. Middle latency responses are like steady state responses. Not really useful. I shouldn't say that. We have better measure. Middle latency response, do corticals. The amount of time it takes do middle latency response you can have done two corticals and doesn't provide more information. I will teach you them but they are not really useful.
MUZAC and others tout for years that we could use it for doing traumatic brain injury and central auditory processing disorders and all of this stuff, as a group, you can separate a group whether they had CAPD or didn't. Individual level, it wasn't discriminative. Your sensitivity and specificity was



like -- pretty crap.
Right? You want highly discriminative. You don't have CAPD and you have it. Now I would be like to say half the class has it and half doesn't. But I couldn't tell you individually who had it and who didn't. So that's the problem with a -- some tests. Middle latency responses are like that. Here is how you record them if you ever want to do them. Instead of putting -- not instead. You can put -- take the CZ and put more forward. Get you a bit better response but between CZ and FZ is optimal. You will collect about a thousand sweeps and you will use a slightly larger or lower high pass setting of ten and 500 Hertz.
And you tends to usually record middle lateens responses when asleep. The challenges is this reflex -- when you put on the mastoid electrodes, if you find the mastoid just behind that is where your
post auricular muscle is. The bulk of it. Don't want to put electrode on that. You get a contract on that with loud sounds. Pammer. Here is the middle latency response. NAPA middle latency response. This over lies that.
So it would be obscured. Not to say they didn't hear the sounds because you got reflex. If doing for



threshold, fine. Do it.
Then the question is, well, why doing middle latency response and not slow corticals. If doing babies, why not using ABR. Middle latency response in infants is not there usually...should I do corticals or ABR? Do ABR for infants and corticals for adults.
Middle latency responses is not kind of --useful.
I will bypass this.
So the middle latency response are kind of the same generators of the 40 Hertz auditory steady state responses.
Getting too excited today. You got me excited.
It's coming from this thalamus to court text loop. It's this loop that's happening. That's the middle latency response. In infants without the highly developed cortex, they don't have large responses. You can do them down to threshold. Here is wave five here. All the way down to 10 dB. And here is the PA response.
This is NAPA.
Goes all the way down. So tracts nicely.
Don't worry about intensity. We will won't worry about that. High pass settings. Won't get into that. Won't use it.







down?

But sleep affects the middle latency response. So here is the wave 5. This is the -- up side

Yes. This is upside down. Positive is down. Negative is up.
So this is wave five. NA -- PANBPB. That's

awake. As you go to sleep, you see how the PA --NB -- everything gets smaller and smaller.
So sleep affects these because what is sleep doing? You are basically decorticating yourself. The brain disconnects the cortex from the brain stem.
Keeps you alert and aware...and then it connects it back when you wake up.
So you are disconnecting this loop so the response goes down.
So you have to do sleep staging with middle latency response because look at the difference.
Stage one, versus stage four. On average you will still get a middle latency response but sometimes they might not be present at all. Anesthetics tends to knock them out...OR monitoring don't use middle latency response...to nothing.
So it's a challenge.
So unreliably recorded in almost all patients especially children. Time consuming. You have a



stimulate at rate of about 10 Hertz. That's as fast as you can go and you need a thousand sweeps.
Keep that in mind. Middle latency response you need -- fastest rate is ten Hertz. Need about a thousand sweeps.
ABR, 40 Hertz by 2 thousand sweeps.
Can anyone do the math? Which is more efficient?
Doubling the sweeps but quadrupling the rate so two times faster.
Then when we get to slow corticals it's even better.
You are actually going at about 2 Hertz by let's say 40 sweeps.
These are for infants. These for adults.
If you do the math, this is way more efficient.
2 Hertz, okay.
At 40 sweeps.
Almost all you need. May be -- you could say 80 in adults.
So middle latency responses are left in this ballet of not usability or very low efficiency. So don't use them.
And sleep affects MLRs so don't want to test in



infants because of the cortex issues and they are asleep and when you test them in adults being awake, why bother doing that...slightly higher centers so getting you closer to perception. So ABR is far away from perception.
It's almost as far away as you can get aside from wave one in the cochlea. Electro cochlea graph is as far away as you can get from perception...combined awareness of the sounds coming into the ear.
STUDENT: Sensory integration.
INST HERDMAN: Yeah. I'm classifies as perception. Post auricular...[reading] bang. Post auricular muscle.
Cool thing that just happened in the lab, we are getting double peek thing, what is that, doing investigation and I was the participant last week and I knew about when -- I was sleeping and then I turned my head this way and I slept for a bit this way and turned head that way. What was cool, when I turned my head this direction I got a post auricular muscle reflex on this channel...but the double peek...turning your eyes or head causes this N one P one of the post auricle muscle to be larger...due to a post auricle muscle reflex. The electrodes put on slightly too...placement is key. Important.



So clinical use, it can be done down to mere hearing thresholds but the Pammer is unreliable. What usually occurs with Pammer -- it will come up, I will just draw it. Don't have example. Sometimes you get this ABR that looks like this, and then you see something like that.
And, oh gosh, and then other tracings, when the babies goes to sleep look like this.
This is wave five here. Don't discount this for noise. If it repeats, that's a Pammer.
And label it.
Just go, well we do clinically, we go Pammer, question mark, mark it there or up here may be.
If you really think it's a Pammer, don't do a question mark. And then you call that threshold.
If there's a no response under it -- but don't think that's not a response.
Cool.
All good? Middle latency response, cool, Pammers, cool, Pammers usually look like noise but don't consider them noise. Take home messages.
Why did I jam this all in one class? Slow corticals are one of my favourites.
They will become more useful for you when we get the research done -- when we talk about infant with



auditory neuro pathy spectrum disorder. The higher centers. Cortex tend to have integrate over time over a longer time span. 60 milliseconds...where is the ABR is about 5 to 15 milliseconds. If any events happen, if you don't have a synchronous event happening in the cochlea within five to ten millisecond the brain stem doesn't recognize is...over
60 millisecond, ANSD shifting in activation...desynchrony in the system, it will integrate and go nice big cortical, I heard something. So the cortex is closer to the perception...so corticals might be helpful for that.
Might be. We have not -- don't have definite information yet. Need grad students like you to take on those projects. Speak of cloning, I would love to clone myself.

[ Laughter ].
That would be bad. Very bad.
Could you imagine ten of me talking at once? That would be horrible.
Okay.
So we will quickly go through stimulus factors and subject factors that affect corticals.
Slow corticals, so this is up side down.



There's wave five. [Reading].
If you do middle latency response, this is sometimes called the PB but if doing it in slow corticals with its filter settlings it's the P one of the cortical. So P one...these are due to attention. So the MD is due to attention response and then we will get to it, Leon will be happy we will get to miss matched negativity and may be N force and P300s.
So the P one N one P two are classify as...there's something going on in your heads that's creating them for these.
ACC this is another cool thing. Acoustic change complex and I think I'm -- proven wrong on this. She did work on this and I got a paper to review, about the generators of ACC. Any time a stimulus changes, like shh, there's a gap in there.
You got cortical response to that. Called acoustic changes complex. ACC. Original thought was ACC is just a mini on set cortical response. Think about there's no -- well there's sound now, right?
But if I clap, that's a change.
Beep.
That's a change.
Beep beep. Each beep is a change.
So I think the on set responses can be called



acoustic change complexes or the acc can be called on set responses. I thought they were one and the same. I think there might be other aspects...that's different. I think one and the same. We are just call them different because we want to.
I'm on the fence on that one.
Where corticals are coming from. I could spend entire course an this. How go from the sat light recordings, scalp and where it's happening on the streets in your brain.
So where are they?
Actually, this is very timely.
I made this when Obama was president. I hope he comes back.
Any way, where are they? Coming from this nice gyrus and Sal kus that's embedded in to the side --temporal lobe. So if we ex-cise part of the frontal and parietal and look at this plane, this is gyrus and that is where slow corticals tends to be coming from.
We will look at that in more detail here. So this is the top view.
So imagine this part is now just flattened here.
Gyrus and these are core responses. This is lateral surface and that is the inner medial surface. This is primary auditory cortex. P one of the response tends



to come from this medial part of HESHEL gyrus and then there's a spread of column NAR activation. It will activate the next region and you get a spreading of cortical activation and then you have belts regions.
This all adds up, core responses belt regions and then para belt regions, they all add up to give this N one, P two response in vertex recording.
So the generators of these, if you imagine this is the superior temporal plane, the generators of these sit like this.
And so you will get a nice negativity up here and positivity down here. And P two it's positive, negative. That's the orientation of the neurons.
Remember?
This is the dipole. That's -- that's that.
That's the cell body. Oriented. So you get the orientation like that. We have para belt ones. This is the gyrus, sorry, the SALCUS to the gyrus. Now I have the neurons oriented like this and gyrus pointed like this on my head.
Now they are pointing this direction.
And that's the spread of activation. From this, blue, sorry, I will put these in blue, they are code like this and this is green. Para belt ones.



Activation from here to there. That's the orientation. These tends to be later. N one Cs.
So these ones usually happen about 100 milliseconds...I got the spread of activation. Sum up to give you this nice cortical response with a vertex at N one, 100 milliseconds and if you put electrode here, then it will pick up this one at 120 milliseconds but it will be blind to this one. It's orthogonal. The dipole goes this direction. Need to go this direction to pick it up.
Fun things about neuro imaging. Electrode placement matters.
Corticals in Vogue again. Yes. They are in Vogue again which is cool.
This back was my post dock supervisor. I can tell you another thing about this. But they took CI patient and this is the days after the initial turn on and set up and their perception. Phonemes or words detected and this is the corticals responses days after initial sets up. They didn't have anything initial but as the days went on you see these response.
600 days later.
So that's two years.
Two years later you go from not having anything



to very nice ones showing cortical plasticity. So they are coming back in Vogue. We can track the cortical responses. Right? Think about -- done with hearing-aids too. Tracking it. Showing the cortical plasticity. It's obvious here. You go from no input to cortex from cochlea in a CI patient although -- I will save that. Not fully true. Still some input.
Take it as no input and then of course you will get activation when we talk 515, Candide know about it. We talk about how we get this reactivation and this is evidence for that.
STUDENT: The process of neuro plasticity, how long we can have neuro plasticity. You said two days is enough?
INST HERDMAN: Two years.
This is two years.
STUDENT: Two years. Okay.
INST HERDMAN: This is two years to go from nothing to here.
The question is great. Because we will cover in
515. Here is the answer for Leon and Sarah and -- it depends.
It depends on how long you have had the loss.
It depends on whether you are using your hearing-aids all the time, in acoustic environment that encourages the cortical plasticity. So going



thing I say when you will tell your clients, if older especially because they will -- these hearing-aids suck, toss them in the drawer and move on is you have to give it 8 to 12 weeks. So two to three months minimum.
It could take six months because that cortical plasticity can take six months to a year. Here it took two years. Depends how long deprived.
Terms of how we talk about cortical plasticity.
Deprived of the acoustic information. Depends how long...cortex doesn't die. I'm talking to you now. Sarah will stop talking to me because there's a cut there. I will talk to Leon for a long time and Sarah will try to get my attention because we are in a great conversation and until she becomes loud enough, I'm interested in her again. I'm just a cortical neuron. It doesn't care whether you get acoustic information, visual information. If it's connected it will strengthen the connection. You have to undo that to redo this. Depends on that.
I say any where between 8 to 12 weeks but the best thing to say is probably give to three to six months and your clients will thank you for it. Lore yen hasn't covered it yet? It might be coming.
She might give you more numbers. She knows the



numbers because has the data on it and compliance of adults and how often they wear the hear aids and how long it takes them to get used to them. This is stuff showing speech and hearing-aids.
Basically, so this is the unaided.
Unaided cases. These are different hearing loss groups.
And this is the unaided and here is the aided.
You can use slow corticals to identify whether or not the cortex is receiving sounds. You can not use it to change your prescription of your
hearing-aids.
There's a lot of stuff -- work I worked with Lorienne. We should publish. Which is coming to this. This is Kelsey Meagher and mire Ron Huen's research. To see whether or not slow corticals can be used to verify hearing-aid fitting. What have you been taught for verifying hearing-aids? Verifit?
Yeah. Use that.
Well, and then after Verifit? What do you do?

STUDENT:...
INST HERDMAN: Haven't got that far. Okay.



STUDENT: I don't think.
INST HERDMAN: Yeah. Usually Verifit but hearing thresholds fluctuate in infants. So one group thought why don't we do slow corticals and...use that's to adjust the prescription along with Verifit and we went why? They soled the device. There's a research on it. And in the end, it doesn't work out.
And here is the reason why. Okay.
Seems reasonable.
So what Myron did is take the stimuli and throw them through hearing-aids using key mar. Have you seen it? Mannequin. He freaks you out, walk in the lab and it's dark and staring at you. Creepy. If you go into Lorienne's lab. Don't be shock. So Myron put them through and went hold on. The same signal that goes through -- this is the unaid. Look at the different hearing-aids from different hear aid companies. These are the envelopes. This is the stimuli. And then going through. Being record in a mic.
These are the envelopes. Look at the difference. One, reduced but look at the on sets to these.
Here is -- this is 120 millisecond pulse. This



is shorter. Look at this. See how long it takes to get to peek. Different rise times.
So we didn't need to do the study. But we went, why not, let's do it. Davus, did this back in the 60s, and said, if you change the rise time, this is the rise time, see it's fast here and slow here. Your cortical responses, N one P two responses will change dramatically. Here is the rise time...after 50 milliseconds you drop to about half the cortical response. Back up to here, you go from very short rise time for long rise time in different
hearing-aids.
By about 60 milliseconds.
So what hearing-aids will you put on the kids? It's their choice so you bring the babies in,
one using Phonak and one autocon. I don't know which ones these are.
And then go, I will use our cortical amplitude as an adjustment. Has nothing to do with the baby's brain and just with the what hears aid you have on. The slope rise time changed because of the hearing-aid you are using.
So you are either going to over or under amplify the kids by using slow corticals to adjust.
Conclusion, don't do it.



And they sold these systems.
For over a decade to do this. There's a lot of research out there. Be critical of my research for gosh sakes, please. That's why I'm here as scientist. I don't want to be right. I try to make myself wrong all the time. If I didn't, I could not call myself a scientist. That's the point of science. We already knew this but decide to repeat it. People don't like old research. The older research tends to be done more robustly and I tends to trust the older research more than the new. FYI even though I'm a new researcher. Here is unaided...[reading].
See a difference? If you cants there's the amplitude. Hearing aid three hearing-aid two and one. All same stimuli and same person.
So you would adjust this to get to there by five or ten dBs. Now you have over amplified the person potentially causing hearing loss. I don't think that's part of our job as audiologist to cause hearing loss. Is it?
So don't do it.
Not to say slow corticals are not good. They just don't make sense because of how...stimuli.
If they get the hearing-aids so they mimic unaid inputs, great. But they don't have that. Neat thing



I learned, this is hear say, hearing-aids from the same line -- same model but different lines, meaning they might be manufactured like a month apart, they have quite a different response characteristic.
So just because it's, you know, Phonak marvels, two months later it can have a different profile. Now we have the variability, not just intermanufactured variability. Be critical. You will be sold junk even from me I will probably try to sell you. Please fight back at me. Tony, where is the evidence. I will say we just know. Not good enough. Who signs the paper who says registered audiologist? Not me. It's you.
So you are on the hook.
Because I got to wash my hands and go it's on

them.



I will by pass the learning stuff. There's time.
So this is really cool stuff by tram belay

showing we can use corticals to track learning. It gets at aspects of different phonemes. This is the African -- yeah, over emphasize it. BA and MBA. I don't know if you have heard a lot of African's speak -- I think Swahili but you can hardly hear it.
It's MBA -- I can't even do it. Another one is, like, the Hindi retro flecks DA. DA and DA I can't hear the



native one.
What she did in this study is show this P two response, this is the P one, N one, P two, for the BA and MBA, so for ones who couldn't -- all of the ones who couldn't recognize MBA they trained up on being able to recognize and discriminate between them, there were learners and nonlearners in the sense that the P two response went from pretraining to post training.
See the large deference? In the nonlearners, the P two didn't changes. We could use the P two as potential for tracking learning. Not a lot of research done on this.
Which I think is a cool thing we could do and look at.
Because the P two is prewornke's...the region getting into the middle temporal regions and...we are even preperception of phonemes. Which is cool and that learning happens.
So I think it's really cool stuff. Question.
STUDENT: This test may compared by FMRI?
INST HERDMAN: Have they done FMRI to confirm it?
STUDENT: Could we use this test instead of FMRI to track the rehab or neuro plasticity.
INST HERDMAN: Possibly. FMRI could be used. That's



functional MRI it's the kind of red blotches that say there's activation there. Do you know what it is?
It's blood oxygenation. It's not neural activation. I will get on side tangent FMRI is not really neural imaging. It has taken over the neural imaging field. They are not imaging neurons. MRI images water -- FMRI just measures blood oxygenation. It's magnetic field change due to blood oxygenation. Not neural activity.
It's quite far removed from neural activity. So it is neuron imaging for people -- I know Laura would be shouting at me now. She is in physio and technically it's not. It's blood oxygenation imaging. EEG is neural imaging. So yes we might be able to use it to do it but I don't know if there are studies that have actually shown rehabilitation for P two.
I mean, there have been --
STUDENT: Yeah. I think the FMRI is slower compare do EEG so probably...sensitivity information so probable not good idea to use FMRI for that.
INST HERDMAN: Another part. Thank you. Another thing.
Blood oxygenation take two second. This is mille seconds. That P two is happening at two hundred milliseconds. Too short a time. That's another thing Leon is bring up. FMRI there's a temporal lag. A lot



can go on in two seconds from the event. So it could be a challenge to do it. And you have to put the patient inside a bore and FMRI usually takes I guess you could probably get a good scan in ten minutes.
And have anyone been in MRI machine?
STUDENT: It's loud.
INST HERDMAN: Bump bump bump bump bump bump bump.
And I'm like reducing it.
So you can only test at super threshold.
There's the challenge.
So EEG, way better.
Have you done FMRI auditory studies?
STUDENT: Not auditory but general FMRI. INST HERDMAN: Visual?
We can talk a long time about deconvolution and how -- sorry.
Some people say we can get down to 500 milliseconds -- okay.
So slow corticals. Stimulus factors.
Intensity.
All the way down to near threshold.
Follows the same sort of thing. And the hearing threshold these are slow corticals. Negative is point up here again. Get down to 40 dB and for the 500 and
60 for two thousand. If you look at



behavioural...closed circles, it matches the audiogram. It's really quite accurate in adults.
Like, quite a bit more accurate than ABR.
There's an off set. This is work for this. But you can see how they cluster nicely. There's always a spread for 500 for some reason.
Frequency I won't mention. There's not much of frequency effect. Don't need to know that. This is important.
Stimulus rate.
How fast can we activate the cortex because it habituates? You know the stimulus rate for ABR -- the brain stem neurons habituate quickly and you get a smaller and later response. Same goes for slow corticals, the rate we present these -- this is stimulus on set asynchrony, in seconds, so every 1 per every 2 seconds, you get about a 10 micro volt response. One in every four is when you start to plateau. If I go one per seconds I'm almost halving the amplitude. Want to present at rate of.5. Some say may be one every four because in the plateau region.
This is classified at two Hertz, which I put up here, that is the fastest we wanted to go. Look at the amplitude difference between that and four and a



half -- one every four and a half seconds. Look at the difference. Almost four times as large.
However when you go one every four you got fewer number of stimuli for a given time of recording session you have. So trade off of efficiency. How much stimuli can I put in recording session to get down the noise. The more sweeps I collected, the more I can reduce the noise but if I stimulate at rapid rate and reduce the signal then I go...efficiently trade off. This is throwing in a bunch of stimuli and changing SOA. You get this nice response and then it drops down depending on SOA.
Mentioned rise time so I will go past that.
Rise time matters. This is fast rise time. You see the P one N one big response and this is over laying a slower rise time.
Sorry. Yeah. Faster rise time.
You won't have to worry about sustained potentials.
So let's get into subject factors.
So big thing about subject factors, slow corticals are hard to record in infants for two reasons. One, their cortex is not mature enough. We can get slow corticals but infants tends not to stay



in one position and awake and alert. It's hard to do them in kids. Sleeping one, wander lock has shown good results of infants sleeping corticals. PURGY and charma have shown good work too but that's not saying ever infants has slow cortical so can't use it in place of ABR.
And the slow corticals change with state.
Sleeping. This is adult, not baby. This is adult showing N one P two response but in stage two you get this delta activity. So this is actually the cortical response and this stage four you get N two response and then REM you get nothing.
There's no slow cortical.
So rapid eye movement state you get nothing. If you don't do sleep staging you will mush this together. This negativity joins with that positivity. You start to get a smaller response.
And if they stay a lot in REM you will get nothing.
But maturations is neat. In young babies, we tend to get this very broad larger what is classified as P one, or label ads P two with no N one. As you age there's like a water dripping eroding a river in between two mountain to make two mountain peeks. [Reading]. That's how I think about it. As you age



you get water coming down a big rounded mountain that turns it into two mountains.
So you get this N one response in adults.
Now subject variability. It's huge. Here 12 years olds. This is sustained potential. Don't worry about it much but this is showing the variability we could get. [Reading] this is another kid with P
one -- P two.
That's the average.
So when you read these articles and show the average without standard deviation, doesn't tell you the whole picture. That's the whole picture. That's the individuals.
So there's a lot of individual variability and this is in 12 years old. More variable in infants.
But it can be helpful when present. If present it's meaningful so this is where it come into helping you clinically. We have starred the study, started trying to implement in clinically in B.C. HP. They do in Australia well and implement it -- we just haven't had time nor students to really make sure this is how we want to do it.
OEAs were present in these kids with...if just left there you say they have profound hearing loss. Absent ABR...you wait until you get some behavioural



response. Or you can do slow corticals. This kid has N one P two response...to we know 60 dBs they should be able to hear, receive input. Doesn't mean they will hear -- they will perceive speech sounds. They might hear them but may be can't perceive them because of the temporal desynchrony of the auditory system...this is the challenge. Yes this is the hearing level but what is their perception...we don't put on power AIDS and whack them with 90 dB --whatever the gain is. This is where slow corticals is helpful. We did it in some kids with ANSD.
So hearing threshold, adults, do them. Yes.
Work safe does it all the time and very efficient at it. Speech perception more research is needed.
Hearing-aids, no, too many questions about it. Cochlear implants, no, not for doing adjustments. May be look at cortical plasticity is may be cool but if it's adults and you can talk to them, why slap on electrodes and let the electrodes tell you? If they are compliant, reliable responders, behaviourally, Sarah how is your CI doing? It's going okay.
Are you able to understand speech? Are you --do speech tests. That's more definitive than EEG system. Sarah knows what she could hear and SLP figures out we need to focus on this. Spending time



on EEG system is waste of time for the patient and you as clinician. If the patient is unreliable and can't response reliably then it might be helpful but only then. Don't be sold on the equipment saying oh this will help you. If pen and paper helps or just conversation helps you more than EEG device, don't use the EEG device. Use logic. I love to use EEG but not in clinic. The time you could do something better with it.
By pass for time.
We are talking about slow corticals.
STUDENT: Sorry. In Canada, we have some committee for detecting -- MALINGERING.
INST HERDMAN:...work safe what -- the audiologists do there is to determine proper compensation for hearing loss due to occupational health reasons. If you are a logger and you use the chain saw for many years and this is before hearing protection was required, my dad was compensated, he worked on the green chain where the chopper comes down and back when he was a kid it wasn't requirement for protection and he had hearing loss. He did work safe testing and behaviourally and they do a slow cortical to confirm this is his hearing and it was matching because my dad was reliable person. Now some people are not reliable. Many



reasons. Slow corticals is the definitive measure they use. They can be benefit. They can have a tram brain injury because fell off a ladder and hearing loss because of that. The -- they might need to go to court because trying to get compensation from the business and they say we don't want to compensate you because you are lying and they say no, it is real, given by brain response and the courts go, okay, you need to give reparations for this. It's not just to catch people. It's to find the hearing level to provide appropriate compensation for what the hearing is.
So last bit, we might cover this next week.
Let's do it next week. Sorry. Leon. Will you be here? I promised to cover it. I want to give it time. So Leon is working on mismatch and N400. We will give it more time. It's cool.
[Foreign language spoken]. You remember that one.
Okay.
Yeah. Then we can do gap detection stuff. This one. Yeah.
This is cool stuff.
Any way, I will leave that as cliff-hanger. Sorry. It's very bad marketing thing.



So labs today, do you have a participant for each lab group?
Figure it out.
Because I don't want Heidi to be like, what?
Should be awake. So if sleepily, not good. If you have reading, great. You can play a game on your phone.

STUDENT: For...LLR, both?
INST HERDMAN: Just today slow corticals. I don't do miss matched and NDs and stuff unfortunately.
I used to.
But they shortened my time in the class.
We used to have five labs in this class and they told me stop giving more than 39 hours. It's like, yeah, sorry.
I was told.
I'm hand cuffed to 39 hours.


STUDENT: Question hello. This might be early but can you for our final exam, can you tells us how to prepare ahead of time or keep tract --
INST HERDMAN: Yeah. Great question. We are at that time.


STUDENT: Getting close.



INST HERDMAN: Four weeks away.
So the final exam is like lab SimHERA lab 5. So I think it's posted.

STUDENT: It is like SimHERA lab five?
INST HERDMAN: Yeah. Basically SimHERA lab 5.
You are basically going to do -- yeah. I won't change it this year.
May be next year. It will be a pediatric assignment -- if go to SimHERA assignment two, pediatric case.
So you will have to do everything you do in the pediatric case. Which is ABR, both ears, switch.
Bone conduction. Go through it. It will almost -- it won't be typical hearing.
It could be conductive. I have done that before. I have done mixed. And ANSD and I have done typical sensory neural hearing loss and when you have to put in masking...all these are possible. So I recommend you kind of train up on all -- I might not be cruel and give asymmetry mixed. It will be one that you can get reasonable amount of information within one hour of baby sleep time. It won't sleep less than 30, that's cruel. You will get may be four conditions and trying to make assessment on that is



hard.
So baby sleep will be around on hour or 45. And it will have some type of hearing loss you
will have to do. Does that help?
STUDENT: Yes. What go through SimHERA lab five and expect similar.
INST HERDMAN: It will be that format.
What the case will be won't be similar to lab
five.
Because I think I have a flat loss but it could
be asymmetric loss where you have use ipsi contra differences and...
STUDENT: Have any paper based final? INST HERDMAN: That's it.
Yeah. That's it.
Whether or not you can do it.
I used to do -- I had a couple times done it in the past -- used to before SimHERA but that was couple of year and COVID, I went back to couple paper based but no, so it's a tricky thing as instructer because I'm giving you a lot of knowledge but I'm only testing in your application of the knowledge.
But then in the end, you have to have the knowledge to apply it.
So that's -- you know, Blomsy taxonomy of



learning it's higher level.
Having knowledge and being able to express the knowledge is this level and being able to apply is higher. You need to enjoy the sun out there, all.
Yeah? No?
You just said you need to be happy in the sun.


STUDENT: I am happy.


INST HERDMAN: I will try to go out for a walk. If any problems, tell Heidi to text me. I will be in the lab. But I don't think there will be. I will see the others on Wednesday.
Something I wanted to say? I can't remember.


STUDENT: Class formula.
INST HERDMAN: Yeah we will have a discussion on class format. Thank you for feed back. Appreciate it.
515 is -- it's your learning. I'm here to facilitate.
It felt like some people were nervous.
So I'm all good with feed back. Appreciate it. Okay.
Cheers. See you. CIAO.
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