






AUDI 553 - Sept 23, 2026

.............................................. INST NAVID SHAHNAZ:	Once I have all dates, I will
communicate.	I'm still on draft waiting to hear back

from Sheryl for make-up class, and hopefully we can finalize this by next week in terms of the dates.
So you're adjusting some of the dates to cover the content.	It's unfortunate that a lot of statutory holidays and others happen in the lecture day, and the fact that we started late this semester, it just
didn't help.	However, we are trying to cover all the important content for the clinical readiness in this course.	So I think we covered up to here, if I'm not mistaken.	Does that make sense, guys?
So MLD, or binaural interactions have been really good in central auditory assessment, and you have used a version of it in your lab, which is called a clinical version so it's a very good tool to incorporate at the screening tool, remember screening tools are not linguistically loaded, and this one is definitely not linguistically loaded, so it can be applied to different language groups.
So it's sensitive to lower brainstem lesions.

The other thing that is important and we touched bases is temporal processing, and we talked about different
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ways of measuring that.	One was temporal resolution. We used part of that temporal resolution in your lab which is called gap detection test, which is the most common one that is being used in clinical assessment. But there are other forms that are available, depending on what you would like to do.	As I
mentioned there are temporal integration, masking, and there's also another thing which we call TMTF, Tony might have touched base on this.	It's based on modulation and depth perception being using
hearing-aid technology in terms of what is the best compression ratio to use without taking a lot of information out.	But, again, it's not commonly being used in clinical realm but used in clinical research. In terms of the temporal processing and how it's being impacted, again, if you're right-handed these are assuming that you're right-handed.	If you have a
right temporal lobe lesion the deficit is

contralateral deficits.	If you're left temporal -- if you have a left temporal lobe legals you have...contralateral or bilateral effects.
...bilateral deficit.	Brainstem depends on the site

of the lesion, but it's not significantly impacting temporal processing, it's a higher up, and for peripheral, if it's not significant hearing loss, it








has little effect.	So it is more of a central issue higher up, higher than the brainstem.
So the other type of test that you use in the lab is speech pattern test...and it goes within the temporal ordering, and discrimination of resolution.
If you recall the inner frequency pattern sequence you

were hearing a high pitch, and a low pitch sequence, and the task for the respondent is to either verbally say the pattern back or to hum it back.	I would say always run it in a verbal mode, and if you see a deficit in the verbal mode, do humming mode, and I come back why that is important.
For the speech pattern test, it is useful to run it binaurally, meaning that you can run it in the free field.	If you wish so, especially with the kids, they may have a hesitation to put the ear phone up, so you can run it in the free field as well, if not adult,
you can run it under the headphone or earphone.

Duration pattern in terms of different processing capability, but it's using the long and short-duration tone.	Here the task is to verbally say the pattern back, long short long, for example.	Gap detention temporal resolution that you use, I think
you use the random gap detection task, but, again,

they are tapping into the same processing, which is








called temporal resolution.

So the pitch pattern test, it's a -- the traditional one has been known properly in children
all the way to adults.	The low tone is 880 hertz; the

high tone is 1,122 hertz.	There's an interval in duration between the presentation.	It's about 200 milliseconds between long and short and short and
long.

So there are different patterns, and all these tests that we discussed are being run at suprathreshold.		Why are we running them at supra threshold (?)?	Not to get contaminated with
free-for-all lesion, which is not the target, but the hearing loss.	Run 50 dB SRT or most comfortable level.	So you have to see how they have been normed, and use that level, but regardless they're run at superthreshold level, and the reason for that is to not get contaminated with...hearing loss.
Again, here is the reason why we switch between, say, a hum.	So here is when you do the pitch pattern in the free field or both ears, if there is a right hemispheric damage, these are all, again, for
right-handed individuals.	If you asked them to say that, if you have a right hemispheric otosclerotic damage, they should not be able to say that.	They








cannot verbally say the pattern.	They are not able to hum it either, okay, because that's part of the suprasegmental part of processing.	So they can't get that because of the damage to the temporal lobe that
is responsible to...prosodic otosclerotic aspect neither verbal...now, if you have a corpus callosum, if there's two parts to corpus callosum, this is for the auditory part of it.	If you have a corpus callosum and they cannot say it but they can hum it, that's very specific to corpus callosum problem. However, you have to rule out the left hemispheric
damage, so -- because the left hemispheric damage will

show you the same pattern.

However, if there are two other means such as imaging and other things, we have ruled out the temporal lobe damage and you see that these patterns can only be to hum but not to verbal, it is most likely a split-brain or corpus callosum problem.	And there has been good evidence because they have looked at split-brain injury due to accident, and those who had severe epilepsy, and they had to cut the corpus callosum and they saw these patterns emerging very consistently.
Makes sense?

Duration pattern test, again, the difference in








the pitch pattern you're using high and low tone, here you're using long and short tone.	The frequency of
the tone 250 milliseconds versus 500 milliseconds. Again, 50 dB above...not to get contaminated, and nicely normed in the literature.	Some of the norms are not published for less than the MAPA one has a better norm.	There's a good literature behind it.
Here are some of the norms published from Bellis

from traditional test...if inquirer using the testing norm that you have to use that we shared with you.
In terms of the temporal processing as I mentioned, the very one we are using is the gap detection test.	We are not using the other three. However the temporal modulation transfer is being used in clinical research, even in the electro
physiological assessment.	Duration discrimination has

been used in clinical practice, but the most commonly used is the GAP detection which you have used in your
lab.

However, I'll just cover the concept.	This is a temporal masking.	So an event can pass this masking
to an event that happens in time after that first

event, it's called forward masking.	So if you look at the CVC, segment of speech, constant vowel, the vowel of the nucleus in the middle can pass on its masking








effect to the constant at the end.	It's called forward masking.	Or constant prior to that, which is called backward masking.
Does that make sense?	You guys are happy with

the concept?

However, the paradigm that are being used in research are not amenable into clinical practice, but, again, something that has been used in clinical research.
Gap detection is the one that we're using in

clinical research in the clinical practice.	As you can see gap threshold has some maturation effect.	So that's why we have different norms.	We can run it for pure tone or broadband noise, and there are different norms with that.	Here is the concept of forward masking.	So here is the stimulus that can actually pass on its masking effect to the stimulus that comes after that, it's called forward masking.	And we can measure that to a neural firing as well, so that's why animal models has been used, too.
Backward masking is your masker can actually mask an event that comes prior to masking is
presented.	So there are mechanism by which this event happens in a very short period of time, granted,
that's why it's very hard to mitigate those in the








clinical realm.	That's why it's mainly in the research realm.
TMTF is another one that is used more commonly in clinical research, not in clinical practice, it's based on modulation you can see if I do low modulation versus high modulation, it's the back...of the amplitude, you'll see there are different depths.	Can you see that?	This is called depth.	Can you see
these depths here?	So different modulation creates different depth.
Does that make sense?

And depending whether the event happens within these depths, you may be able to hear that event or not.	So they have looked at the application of it in central auditory processing.	I won't go in more detail because we're not using it in clinical practice, but, again, it's something that has been used in psychoacoustics and clinical research, if
you're interested, you can actually go through some of the slides and read more.
So the most common one that we're using in clinical practice in terms of the temporal processing as a gap detection, we are using speech pattern,
speech pattern, not forward and backward masking much.

And we're not using it very much in clinical practice.








However, it has a great implication should a better test been invented to be able to use in the clinic.
So depending which task you're using, there are different level of maturation.	So that's why it's important to use normative data appropriate for the age group for that type of test that you're using.
Again, if you're using screen tools, you should be less linguistically loaded, based on the screen outcome you may devise other test battery to adhere to and run for your patients.	MAPA is the one we're using.	It's been nicely normed has a great standardized score, we made some changes to the
scoring which was challenging for audiologists, but we made it easier to automation, and you're using part of it.	So it's using all the three suggested components by the guidelines by all professional organizations.
So it's three major components that has to be used in central auditory processing is monaural, low
redundancy test.	MAPA has different tests within each category, so in monaural, you have SINCA, MSAAT and Tap.	SINCA and MSAAT on temporal you have tap test, pitch pattern and duration gap.	On binaural, you have dichotic digits competing sentences.	It is more difficult than traditional test battery.	It's not of...it's triple.		You have to repeat both sentences.








It's more challenging, as you have already gathered. So you already covered all these, which is it's a better test battery to use, but, again, if something better comes, better normed, again, keep your eyes always open.
It's basically what you covered in the lab.

Unless you have any questions, I will go through the slides.	So monaural...you have MSAAT and SINCA.	For the temporal you have Tap Test...Should you decide to use and for the monaural you have dichotic digits and competing sentences.
So here are the additional tests.	One thing

that is included in the MAPA I highly recommend to you is the questionnaire which is called scale of auditory behaviours. There are other questions SIFTER or
Chaps, if they're designed properly.	And SIFTER and

Chaps are all good.	Whenever you do the questionnaire, it has to be done by the parents and the teacher, if it's a kid.	Make sure that if you're dealing with the children, the questionnaire is done by both the help of the parents and the teacher two
separate needs to be completed.	The second version is

the one that you used.	The good thing about the standardized score, you can add tests together in terms of cumulative score.	So you can get overall








score.	It covers all the components that have been recommended by all professional organizations, whether in the United States, Canada, or Australia or U.K.
It's a much, much better test than some of the
tests that is being used by audiology which is Cam test.

Here is a summary of behavioural tests outcome, which is a very good way of looking at the summary of what to expect in different pathology and also how they're being run.
AUDITEC is one of the commercial...you can purchase it from them or purchase it from the company. I'm not affiliated with any of these companies.
Should you decide to use them, I've provided some

information here.

Other tests you may consider to use beyond the immittance audiometry, otoacoustic emission.	Tony has covered some of these tests for you, on the auditory. I'm not sure if he covered all these test batteries or not, but I'm quite sure that Tony has touched base on some of these tests.	Have you had your course with Tony for the second...assessment?	How many courses have you covered with Tony before he went for sabbatical?
STUDENT:	I did Hearing Science 1 and 2 with Tony and








Electrophysiology last year. INST NAVID SHAHNAZ:	Just one? STUDENT:	Yeah.
INST NAVID SHAHNAZ:	You have the second one?

STUDENT:	I don't think we have a second one listed. INST NAVID SHAHNAZ:	And do you know if these late
potential recurrent?	ALR, middle latency response, event related response, frequency following response.
SARA:	Yes, we had.

INST NAVID SHAHNAZ:	Excellent.	So these late potential can be part of the electrophysiological assessment, should you decide to use them, along with the...test battery.	There are some emerging that are using TMTF, using electrophysiological assessment, as well as gap in noise.		Tony is working on GAP in noise...so keep your eyes open.	Some of these tests may become standardized, so you may have more objective tests on some of those behavioural tests that we're running in the lab.
So we need -- what we need for our practice, we

need more validation studies.	We need more

test-retest reliability studies, we need profile analysis.	So what's the profile of the patient, what test batteries will look like, as a group of tests, so that's why MAPA is good because it can actually








transfer data scores into standardized score, and get a cumulative score.	So also look at the guidelines published by your professional organization.	So in future it may look something like this.	Hopefully it becomes more simplified and less complex.
Any questions, guys, I'm not going to cover

auditory neuropathy because Tony has covered it and that's the one I'm just not going to cover here.
SARA:	Thank you for your presentation.	I have a question about the guidelines.	We have two guidelines, triple
A and Canadian guideline for CAPD.	Which one do you prefer to follow?
INST NAVID SHAHNAZ:	If you'll practice in Canada, my recommendation is to use the one published by the SAC and CAA.	They have a joint publication.	It's kind of old now.	I think the last version was 2015.	They
have not revisited that.	But it doesn't mean that you can't use any new guidelines.	U.K. is always a better source because they update these guidelines on a more regular basis.	Canadian are a bit behind.	So it's always good to look at all professional organization guidelines and take the best of it for your practice, based on evidence.
So see what are the evidence behind it that they

have adopted some of those recommendations, and kind








of -- that's why I always recommend to any audiologist working in different settings to sit with your group, look at the literature, look at the guidelines and adopt the best scenario for your practice.	Again, as mentioned earlier, every six months you need to do an interim scope of your test battery and every year you have to look in details with your group, in terms of what is available in the literature, in terms of evidence-based practice, if any changes needs to be done, and kind of make that happen.	And your protocol should be written and available, so anyone who comes
as a new recruit can actually see what you have done,

and look at the premise behind what you have adopted. SARA:	Thank you.	And could you please elaborate more
about interpreting the data from the tables that we have in the hand-over lab...?
INST NAVID SHAHNAZ:	The manual on MAPA 2 is the best source, if you want to know how those numbers have come from.	So the cohort that these norms were established as about 700 individuals.	They looked at the distribution of the score, and they looked at the standardized score based on that score, and they provided the tool to transfer the score into the Z score so you can add them up.
And what we did, because we noticed that the








students have difficult time to -- or even clinician have a hard time to go through the whole manual, which is very thick, to get all this information properly from appendix and things like that, we created a program which we shared with you, and also a
norms-based, based on the age, so you can immediately

compare to that norm.

So the problem with some of these norms, granted that also applies to the MAPA, with any norms you need to have control and you also need to have target disease.	In this case as you have already gathered, the target disease cannot be identified 100% because there is no gold standard.	So it's been normed very nicely, but the norm can only show you half of the picture.	So what that means that the norm is just showing you what is the distribution of the scores in the normal cohort.	It does not tell you what is the potential distribution of that same task in the confirmed target disease that has been shown to have that disease by gold standard.	So that's one of the problem, and CAPD test batteries, but this one has
done a very good job in providing the norms at

different age groups based on distributions and also providing the standardized score. So once you punch the scores that you have obtained into that scoring








sheet, it will calculate that automatically based on the manual for you, and...may will have already shared norms that you can compare that to --
SARA:	Thank you so much.	And I'm wondering for the age

of 14 is the standard...I'm wonder if we should consider age 14 for adults?
INST NAVID SHAHNAZ: ...so what you see the shortcoming right now, we don't have a proper normative data for adults.	So that's missing.	If anyone is interested, it's a very good recent project.	So, yes, we're assuming since the maturation is kind of around 12 to
14 years of age, these norms are applicable to adults.

But if you recall, aging will start manipulating the processing capability at which age you start seeing a change?	So, yeah, I haven't seen any published paper yet to provide a good normative data for adults.	We have some preliminary data, but, again, that's another very good point.	So for now, yes, we are using the 14 years and above for adults.	If that is appropriate, we're assuming that's when the maturation ends in
terms of the processing capabilities if you're normal, but we haven't shown that if that is the case.
SARA:	Thank you so much.

INST NAVID SHAHNAZ:	Any time, any other question, guys?

All good?	So we go to the next topic.	You have the








second one on your screen.

Okay.	Sorry guys, I'm just...my eyes are bad. Okay, do you have it on your screen?	Okay,
great.	So we're going to talk about extended

high-frequency.	Whenever I talk about that, I'm talking about frequencies above 8,000 hertz, 9,000 and above.	Conventional frequencies refers to frequencies from 250 hertz to 8,000 hertz.	So you see a lot of
ROR research here.	Some of your colleagues here like...Sara are working on the same notion.	And I'll cover some of those data that we have parented in most recent international conference including
computational audiology, and IFOS...so as you can see from the picture I deliberately put that picture up because we're missing the part that goes above a the audiology and 95% in Canada are missing that, which is a great disservice to your clients and to the community.	So let's look at the evidence.	So here
are the learning objectives.	We're going to define the extended high frequency and we're going to talk about the explaining clinical value, what aging can do to it, what other factors such as aging ototoxicity, noise, tinnitus can impact that.
Talk about some technical limitations...choice

of transducer...repeatability of the task, how we have








to interpret the norms, what are the norms, what is the typical hearing versus the traditional cut-offs that is being used in the literature, and look at the integration of the current evidence, and some calibration variability.
So here is a kind of a graphic representation,

and I'm just would like to ask you a question first. So I wait for a volunteer to answer that, then I'll pick one if I don't have volunteers.	If you have two patients, both have threshold under 25 dB HL, in congressional rage 250 to 8,000 hertz, are they normal based on what you have learned so far?
SARA:	No.

INST NAVID SHAHNAZ:	And why is that?

SARA:	Just because of the high frequency range, maybe they are abnormal in the high-frequency range, and this is the predictive of the hearing of a few years
later to be involved in the -- in a...range frequency.

INST NAVID SHAHNAZ:	You're right.	No.	By no means, if you have a normal hearing that conventional frequency means that you're normal.	In fact we have very good evidence, people coming to our clinic complaining about problem with...speech in background noise or having tinnitus of quite normal hearing based on the conventional frequencies, but some of them are good,








so normal healer by no means is an indication of normal hearing.	It's the problem of defining how we define hearing, and that's where the concept of hidden hearing loss appears.	It is hidden to the clinician, not hidden to the patient, because the patient comes
to you to seek help, but the tools that we're using is

not adequate.

So this is a very important concept.	So we are missing a very important window, and as Sara mentioned we have excellent evidence, conclusive evidence that early sign of a change happened at extended high frequency before it happens at the conventional frequency.	What that means is intervention can happen much earlier, without actually implementing strategy, especially in music and personal listening devices.
Any questions so far?

All good?

So we're going to talk about the what audiometry measures of and when this above 8 kilohertz has become an issue, it's not a new concept, it just goes to...so we were able to test in 60s. Again, the
infrastructure they were not at the same level as they

are today.	But, again, we were able to test these high frequency very early on.
So what counts as extended high frequency








audiometry as I mentioned.	Conventional frequency is defined by having hearing tested between 250 hertz and
8,000 hertz.	In fact, from our research of more than

240 audiologists across Canada, 95% are using conventional frequencies.
Extended high frequencies are mainly from 9 to

16 kilohertz, I'll let you why I'm not talking about

18 and 20 kilohertz.	So we pretty much are putting

our main focus of EHF of 250 to 8,000.	We'll take a 5 minutes break and come back again.	So I'll just keep my screen off to refresh a bit, and you guys can refresh as well, and come back in five minutes.


[RECESS]



INST NAVID SHAHNAZ:	You guys have my audio?	Excellent.

Any questions so far?	You guys are happy with the concept of extended high frequency and what I mean by extended high frequencies?	And how many of you guys from your first practicum experienced -- have used extended high frequency in your practice?	Three of you; right?	What was the concept of using it?
GEOFFREY:	We did it to get a base line before people were receiving treatments for cancer.
INST NAVID SHAHNAZ:	Okay, so it's been used for








ototoxicity, so that's the only change that has happened, only a very small portion of audiologists are working in that one.	What else so the other two who were using extended high frequency, was it in the context of ototoxic monitoring.
SUSANNA:	Yes.

INST NAVID SHAHNAZ:	Okay.	That's the same experience that we have from our research, that routine clinical assessment does not involve extended high frequencies. Only if you're working in the hospitals that are dealing with the ototoxic medication, especially the cancer treatment like sis platen, it's highly toxic, they...dose.
Here is kind of how did the 8K hertz become a

routine.	The point is very youthful, you look at the history, rise and fall of...based on history.	Because you may assume that 8 kilohertz reflex the biological boundaries, which is not.	Early equipment could
extend higher, as I mentioned, just in the '60s there were instrument that were capable of testing above
8,000 hertz, but it was convenient.	It was convenient to run up to 8 kilohertz, nothing to do with the
value.	A lot of things you do in the clinic is not based on evidence.	It's just based on the ease of use rather than how the clinical implication.	That








becomes the clinical default, no one changes.	It's easier.
So where this EHF audiometry can add information is huge, guys.	The evidence based on aging, age happens at...not at conventional frequencies.	From
the literature you have already gathered early

intervention can make a huge difference in preserving the cognitive capacity and providing early communication...because of the noise can happen because of the extended high frequencies, you'll see
those changes there.	It's irrefutable in ototoxicity. There's very good evidence if you have repeated bouts of otitis media as kids, you will have most likely impacts, some of them can transfer to the base part of the cochlea and impact very high frequencies.
Tinnitus and listening difficulties, there is a very

good evidence despite normal hearing at conventional frequencies, people with tinnitus may have high frequency drop or having problems speech in noise in environment will have extended drop.	Or people who had problems in background noise in tinnitus have...drop.	It's also applicable in research and monitoring using it for the toxicity monitoring. Again, you can measure cochlear sensitivity and small early changes happen, and devise a proper








intervention.

Let's look at the evidence now.	So why above 8 kilohertz matters, we are assuming that all the frequency we need are up to 8 kilohertz?	So it has a great impact in processing of complex speech scenes.
So the bandwidth and the extended high frequencies can

improve your performance in the background noise. However, not that many hearing-aids have extended bandwidth.	But it has been shown that if you increase the bandwidth, provided that there is is a good residual hearing to be amplified, you can improve the sound quality loudness perception and speech-in-noise performance.
It's a great implication in spatial perception.

Special perception or finding the source of the sound in space also have a direct correlation in
speech-in-noise perception.	It improves sound quality.	What makes a great difference from a crappy...it's so rich, why?	Because it has a lot of frequencies there, well beyond...you pay for what you make.	And it's very true because the high-fidelity can creep up to 20 kilohertz.	If you have good hearing those high frequency you can enjoy the music.
Functional complaints.	Some patients record

difficulty in noise despite normal conventional








hearing, and they may have degraded extended high frequencies.
So some of the examples that can happen early, early sign of a change in the system before you see those changes at conventional presbycusis, which is called old-age hearing, so, aging, noise induced hearing loss.	So often when they talk about noise induced hearing loss you immediate think what we call personal listening device is actually more of a threat than the industry of noise to the public, and that has been identified by WHO.	So a lot of young folks are suffering from hidden hearing loss, not hidden to
them, but hidden to the clinician, because the extended high frequencies may have already been damaged.	Otitis media history if someone has that history, it is likely that those extended high frequencies have been impacted.	People with tinnitus, a normal audiogram may have extended high frequency compromised.
So what are the challenges in calibration issues

with extended high frequencies?	It is more variable, granted, compared to conventional frequencies, meaning that the values may vary a bit more than conventional frequency.	Do you know what the RETSPL is?	It's the value of specific headphone in a standardized coupler








that we are using for normative data.	So NC and ISO has published what is 0DBHL refers to.		This concept of HL has been introduced many years ago to flatten audiogram.	So what they did, they picked up a group
of normal-hearing adults between 18 years of age to, I can't remember the cut-off whether it was 24 or 26 years of age, and they tested them and they created what we call minimum audible field.	You should have covered these in 514.	And if you recall that figure, the mean of that curve corresponds to different SPL value at different frequencies, so it will look like a bowl shape what we have done is assigned 0 to all
those values and flattened that curve into a straight curve and then we arbitrarily picked a number of 20 or
27, if it's a deviation of that number it's normal or not normal.	And in fact those numbers come from compensation rather than evidence.
So at what point I have to compensate people

with hearing loss?	Nothing to do with the what could potentially happen in the functional outcome.	Was it
a functional outcome?	Your performance in noise, your personal perception in terms of what you do with what you hear.
So one of the problems is called standing waves,

and, again, it's from your 514, and so depending on








the placement of the headphone, the SPL and the...can change.	However, most of these problems have addressed and it's no longer an issue, with the current technology that we have, again, that was one of the issues with the standing wave, but it's no longer an issue with the way we do things.
The other issue was the type of receiver or transducer that is being used.	We have now standardized receiver.	The early ones were the HDA200, and from Sennheiser, and Sennheiser went out of the production and they came up with a radio ear DB450, and later on...Sennheiser HDA200 went out of the picture and came with the HDA300, and another company purchased the Sennheiser and they created the
DD450 which is identical to the Sennheiser HDA200.	So right now most of the audiometers that are being shipped, so one caveat here is that the correct slide, this radio ear DD450, is the red one to the right, and Sennheiser HDA300 is the blue one in the middle.	So I'll switch this and repost it.	So this is the
HDA300, the middle one, and the red one to the right is the Sennheiser, the new one which is the DD450, it's the one that you're using in the most recent audiometer.
So in the lab you may still have HDA200 or








HDA300, the middle one.	So but in the new generation of audiometer that are coming out, they're all
equipped with the DD450, red one to the right, all the way to the right.	So the labels I misplaced the labels, I know these headphones, so I put that one
here.

So the blue is HDA300, this one here on the first is the traditional one HDA200 and the last one is DD450.
These headphones have been designed as hearing

protection, so they provide a very good mechanical protection against the noise, so that's why when you wear them you get a good isolation from the background noise, because they're type A ear muff, and also they are circumaural, by that they're not resting on your ear lobe but on your skull.	In fact these are better choice in my view than insert, why?	Because they're more comfortable to wear.	And they don't have any contraindication in terms of if you have any issues with the ear canal for insert to be placed.	And also they provide interaural intimation with the TH.	Part of the problem is when you want to do bone with these headphones, you may have to be creative.	Again, these are very good headphones to be used on a routine
basis.








So now a RETSPL concept as I mentioned, we're using HL in the clinic, but it should have been SPL which is for ease of visual, a lot of things that we do is just for simplicity and ease of use, nothing to do with value or clinical implication.	So basically each of those dB HL that you see in the audiogram correspond to different SPL at dicks...if you have it at 1K, it score responds to 7 or 7.5 for...at 250, that corresponds to 27 or 250S dB L, so those correspondence in the...is called red spool.
Does it make sense?

However, we like to see things where simplistic, which is not the case in hearing threshold.	Your hearing threshold actually looks like a bowl shape in reality.	And the scale having...so the actual scale
is from soft on the bottom and loud on the top, which

is kind of reverse soft on the top and loud on the bottom.	Does that make sense?
So that's where the red spool comes, and the red spool RETSPL is better because different audiometers are using different calibration, they all use...but they have a tolerance.	So what that means is you're the value in the coupler is within the range that is acceptable, they won't change it by most technical guides that come into your clinic.








Say, if...says you have to reach 7.	If I have been at 1K, 5 above the targets alternator (?) you
have to reach 77.5 in the coupler, but they give you a tolerance.	If it's plus and minus of two, it doesn't do any changes.	What it does is basically makes the data between the clinics not compatible.	However, if you are using the -- what we call the dialling to coupler SPL value conversion, that makes all audiometers equal for comparison, regardless of which jurisdiction or clinic it's being done.
So one of the advantage of using SPL value is make the data comparable across all clinics,
regardless of who has done the calibration if you have the SPL value. The better way would have been dialled to ear conversion, but that takes more time. There
may be something that comes automatically for you.

But if I put the headphone, same headphone on your ear, say, I put on one of you guys and put it on another guy, the read value on the dialling and the read value is different because your canal size is different.	If you recall your physics, the smaller the canal,the bigger the SPL value.	The bigger the canal, the smaller the SPL value.	That's why the hearing-aid may be having different SPL value in the baby's ear when they mature, and that's why you need








to verify that on an ongoing basis.	Does it make sense why the SPL comes into the picture?
Any questions so far?

So the standards are there.	We have good standards published.	So ISO standard was the first one that published the RETSPL value for extended high frequencies, and later on was adopted by the ANSI, international standard.	And Annie's in order America standard is called American national standard institute.
So the problem is that they don't tell you what is the diagnostic cut-off, they just tell you how the normal group of adults at a young age mean threshold looked at, at different frequencies.	They will not tell you the deviation, just give you the mean.	Even it doesn't tell you -- I mean median...but it doesn't tell you the dispersion, the dispersion tells you what is the variability as we make the 20 dB above that is abnormal.	So we set deviation arbitrarily at our end, and that has been adopted by financial gain, if I set it lower, at the lower bar, I have to pay more compensation.
It's not based on functional performance. It should be based on functional performance, but it's not.








So here are the intersubject variability at different extended high frequencies, I put 8 kilohertz here, and this is from the Frank paper, he used HDA200 which was the first original...headphone that was available.	And you can see the box plot, and this is in adults.	Again, these values that you see, the mid value have been adopted by the ISRN ANSI.	Can you
see?	This mid value toward the horizontal line in the

box, has been adopted by most of the research that has been using ISO or ANSI, as a corresponding SPL value for the mean threshold.	But as you can see, it varies significantly from the mean and below.	Some people
may be here and some people may be here.

So it just shows you the way we do things does not really relate to what actually needs to be done and we're going to come and talk about distributional model shortly.
So the other take-home message is about 90%

between session differences between 8 to 14 kilohertz...which is very good.	Because ASHA or SAC or CAA often accept more than 10 dB change as a
significant change.	So falling between plus and minus

10 dB is a very good indication of am applicability of high frequency is not what is accepted as a change. Also the repeatability became poorer -- as you








increased the frequency, so repeatability was very good up to 12.5 kilohertz, but, again, degraded at 14 and 16 kilohertz.	I think it's a good point here to tell you why we're not using 18 and 20 kilohertz, although it's available and we can actually do that is because of a ceiling effect.	We have a lot of individual with noise, exposure or normal hearing who do not show you measurable output at 18 and 20 kilohertz.	Although as you increase the frequencies, the maximum output available is much lower at the very high frequencies, so you're dealing with very limited output that is available.
Any questions so far?

So as you have already gathered, the very first use of high frequency and still is, this implication
of ototoxic monitoring.	Again, there is good evidence

that early sign of change happens at extended high frequency before it actually goes through the conventional frequency.	In fact if you would have not done extended high frequency you would have missed early sign of change in 50% of the kids would have
been prescribed ototoxic medication for...treatment.

So and still if you look at the Canadian context, that's the only time that they use the extended high frequency on a routine basis.	Let's go








why EHF morning can detect early change earlier.

Still looking at the universal cut-off it's better to establish baseline.	I think it's ideal to have a baseline for -- sorry.	To have a baseline for everyone, because, say, Navid based on threshold on day 1 was -10 dB.	Now, 10 years later, Navid base
line threshold changed to 10 dB, that's a huge change, but still normal but if it was a proper baseline it would have been a significant change.	Do you follow.
So the best way is to have individual base line,

and look at those changes from the original baseline. That's the best way of doing things.	However, in most cases we can't do that.	So what would be the
next-best option.	We're going to talk about it.	And

in the case of ototoxic monitoring, we look at the baseline of the hearing at the time of the test, and then after the medication, we want to know what kind of change has happened.
So EHF provide a very good way of doing that, and usually if there's a change of 20 dB or larger at any one frequency based on the guidelines of ASHA, that is considered to be a significant shift,
that...mitigation or referral.	If you see a change of

10 dB and higher, at two consecutive frequencies that also mitigates a response in terms of the monitoring








or referring.

Does that make sense?	So here are some paediatric evidence of EHF can change before the conventional loss.	The point is not that the EHF changes it's that you're missing 50% of the change if you would not have done the EHF.	So by the time you see those at conventional frequencies i-...for mitigation.
Does that make sense? Any question?
Now, let's look since -- I mean ideally in a really good world it would be test everyone at the
time of birth for the base line and use that base line as a marker of change for that individual.	That's not happening for now.	So what's the best model for creating a cut-off?		Right now what you're using is what, for normal hearing?	In your first practicum
what is the definition of "normal".	Let's start with

everyone.		So what is considered to be a normal hearing?	So starting with Sara?
SARA:	Which Sara?

INST NAVID SHAHNAZ:	The Sara A.

SARA:	Is 25 decibel for each frequency HL.

INST NAVID SHAHNAZ:	It's called the fixed cut-off, meaning the same cut-off is being used for all








frequencies, it's Darth Vader: You're either with us

or not with us; you're in the dark or not in the dark. If you are below or up to 25, you're normal; below that, you're not.
Geoffrey? GEOFFREY:	25.
INST NAVID SHAHNAZ:	25, okay.

Susanna?

SUSANNA:	I mean, isn't it 24 because the 25 to 40 is considered mild hearing loss, something like that?
INST NAVID SHAHNAZ:	Well, you're right, there are some other evidence for kids that they say 15 dB or 20 dB, and they started with slight hearing loss, mild hearing loss, so there are some other criterias, you're right, based on age that has been used.	But
still they're sharing the same fixed cut-off.	They're

not changing that cut-off for any frequencies, it's the same cut-off.
Hanna?

HANNA:	In my practice, like in my practicum, I had the same thing.	So for some kids, we considered 16 to 25 slight.	And 25 onwards --
INST NAVID SHAHNAZ:	Um-hum.	Some clinics are using that.

As you can see -- so let's go to the bottom of the list and we can summarize that.	So Kait.








KAITLYN:	Am I not moving.	Yes, 25 for the cut-off. INST NAVID SHAHNAZ:	Okay.	So, yeah, that's the most
common cut-off that is being used.	Candide?

25 seems to be the most common one, Serah. SERAH:	25.
INST NAVID SHAHNAZ:	There we go.

SARA:	25 for adults and for children 16 to 25 is slight hearing loss.
INST NAVID SHAHNAZ:	So from what I've heard, there may be some exception in some clinics for kids.
So Elisha?

ELISHA:	 25 and 16 to 25 is slight for kids. INST NAVID SHAHNAZ:	Good...can't hear you. RAGUL:	Can you hear me now?
INST NAVID SHAHNAZ:	Yes.

RAGUL:	It was 25 for adults and 16 to 25 for the children.
INST NAVID SHAHNAZ:	Okay.	Susanna?

SUSANNA:	Same.	Yeah, same thing.	Yeah. INST NAVID SHAHNAZ:	Okay, Hanna?
HANNA: Same thing as I said. INST NAVID SHAHNAZ: Winston. WINSTON: Also the same.
INST NAVID SHAHNAZ:	Okay.	And Geoffrey?

GEOFFREY:	Also the same.








INST NAVID SHAHNAZ:	Okay, so as you can see the most common is 25 dB HL.	16 to 20 dB HL.	So -- and it's fixed, we call it fixed cut-off, meaning that it's the same across frequencies.	So we've been working on
this concept with Valter Ciocca, and we gathered -- so one of the things that we were hearing from clinicians that we don't have normative data with high frequency, and a lot of published papers have used the same
cut-off that we've mentioned for extended high frequency, the same cut-off should be used for
extended high frequency, which is quite wrong (?) from time to time they were asking what is the cut-off.	So we had a data, and I'll just -- it's published and I can actually upload the paper on Canvas so you can read.	We had a sample of 126 adults between 18 to 36 years of age.	We tested every one from 250 hertz to
16,000 hertz, including all interoctaves, and we have observed threshold on 223 ears at each frequency, and we used what we call a Bayesian approach simulation extended that to 18,000 participants.	From the data. And we did a data fit from the simulation, and it was a very good match and fit.
So what the Bayesian multilevel regression, it's different from statistics that you're familiar with, which is based on significance.	So the key change in








thinking is that the entire threshold distribution is different at different frequencies.	And the Bayesian posterior provides a generative model for a large sample, and you can use that generated model for a large sample to see how that fit with the actual data that you have gathered.	And then you can establish a percentile based reference ranges rather than the single average.	In fact most of the things that happen in audiology is based on single average, meaning that 16 dB corresponds to the average, and then you arbitrarily take the...if it's above that it's not normal, for example.	Does that make sense?
So here is the outcome of the -- what we did. Basically on the X axis you have frequencies, and on the Y axis you have the threshold dB SPL, so it's different from audiogram because you come from bottom soft up loud.	Or higher value.	The density is shown here, not only the mean, but also the distribution, you can see the distribution.	Can you see the distribution here?
As you can see, it is not a normal distribution of high frequencies, it's skewed.	And as you go higher it's skewed, compared to 3 kilohertz.	These are all datas.	And you'll see that it is bigger range.	So in terms of a variance.		So that's why we








used what we call skewed model to account for the...which has not been used in the past of any of the modelling and hearing threshold.	So you not only look at the central median mode, we also look at the change in the variance or distribution, and also on the skewness of the data to come up with this model.
So before going there, I just want to give you widest modelling statistics is different than the one you're familiar with.	 The very simple example is that the P value is not the probability that the null hypothesis is true.	So the p value, the value of .01 or .05, if you say it's below that it's significant. Above that it's not.		It doesn't tell you the probability of the population falling below or above that.	It's a huge point, guys.
So I will not tell you what is the probability

of someone falling below that value.	What is the probability of someone falling above that, and what is the certainty level of doing that?
So the .49 significance value versus .05

comparisons that I showed you here, it just dichotomizes, so it's just like black and white.
And it's misleading.	The stress is not significant, it's just how certain you are that a value can actually move in one direction.	So that's








the whole premise behind the Bayesian approach.

So that's why we are switching all our modelling from the traditional statistics to the Bayesian approach.
And so Bayesian thinks update is the priors

we're using in regularizing this, has the advantage of uncertainty, meaning how certain we are a value can actually move in one direction, and how uncertain we are that the value can move in the other direction. Including simulated threshold.	So it's just not for the actual data but also the simulation across all those 18,000 participants.
So it was not just the Bayesian is better, it's just that the design required a higher hierarchy, and varying distribution shape that accounts for the uncertainty and all those things that we would like to include in our modelling.
Those of you who are interested in the Bayesian

approach, Valter has a course that you can take with permission, every other year.
I will walk you from the left to the right.	We had observed data of 126 participants from 222 years at 16 frequencies.	The simulation is not making up
18,000 real patients, it is generating draws from the

fitted posterior predicted distribution to understand








what the model implies about the population distribution.
So -- and then we could look at that simulation in percentile changes and see how well that was fitted with our original data, and it was fitted very nicely. And then based on that we created this.	So this is a take-home message for you guys.		So I put the cut-off that you're using in the clinic, 25 dB, HL.	And 20 dB HL in green, can you see that.	Then I put our distributional model, translated into HL, so that you can easily compare.	And this is based on 97
percentile and 99 percentile of the distribution.	And

as you can see if you would have used the normal

cut-off of 25 dB, it's always estimating the hearing loss or underestimating the hearing loss up to around
8 kilohertz.	However, at the high frequencies, if you

use the same cut-off, you'll see that it's the other way around.	So these cutoffs vary across frequencies, you can't use them across all frequencies.	And for your project, we have a group of individuals who are tested within 10 years, and most of
the...entomological studies are they tell you what is

the prevalence of the hearing loss will tell you based on 25 dB HL, how many have hearing loss, and a lot of policies are being based on that.	Now, based on this








distributional model, we would like you guys to do the same thing, look at the prevalence data within that cohort we have which is called the clinical cohort, I think there are more than 800 or something.	And estimate that prevalence data based on the traditional cut-off of 25 dB or 20 dB or based on the distributional model to see what comes outed of it in terms of prevalence estimation.	Does it make sense?
So what you can see here, just for you to grasp it better, again, 20 dB cut-off or 25 dB cut-off depending on what you're looking at is not consistent at different consistencies, so the values are different at different frequencies, and if we are sticking with this traditional way, we are always underestimating or overestimating, depending on which frequency we're looking at.
Makes sense?

Any questions so far?

SARA:	For -- this is the result of your studies, you and

Valter; right? Yes.

SARA:	Are you recommending to use this data or future clinical ways.
INST NAVID SHAHNAZ:	So what we have said, this is a

better model compared to what is being used right now, that we have went a bit further, we said any cut-off








needs to be mitigated by the functional impairment. What we mean is that what cut-off can consist of a change of a performance of a patient in background noise, for example, in speech in necessarily or perceived handicap.	So still missing that component, but it is better than what we're using right now.	So do you follow?
So ultimate goal is to come up with a pattern

that is related to the functional outcome.	Meaning that what is the actual performance of a patient in real life that can make it challenging for that patient to function?	How have you measured those through speech-in-noise perception to self-identified questionnaires such as hearing handicapped inventory, and then come up with a better modification of these cut-offs.	But at this point because we are using these cut-offs as routine basis for many things, yes, I would say this is a better way of doing that for both conventional high frequencies.	And this is just
not been in our dataset, we simulated that over 18,000

people, and the data if it was perfect. SARA:	Great, thank you so much.
INST NAVID SHAHNAZ:	For those of you who are interested, I have the paper for you to read.
So what should change in our interpretation?	So








we're not proposing per cent isle criteria, as a sole determinant, although this is the model that is used right now in the practice, but this distributional model contextualized a threshold to look at other studies that have functional and clinical information. What's the functional and clinical information in speech-in-noise, hearing...other metrics that we're using to measure the...performance.
So, again, after that we started looking at the larger cohort looking at the speech-in-noise, we kind of followed through on what we are recommending, not just saying something and then not following through, looking at extended high frequency speech in necessarily perception, also the early signs of age, part of what Ragul is doing and Sara is doing looking at that.	We have parented that at different conferences, and I'll just cover some of it here.	So here it's from one of the retrospective studies we did on the sensitive EHF despite the normal conventional PTA.	So this cohort is restricted to conventionally normal of 4...500, 1, 2, and 4.	Again, it makes it clinically interesting because often these guys comes to the clinic at different age groups, all normal but they're not normal, I'll show you why.	To the first question that we had at the early talk of the lecture








that having normal hearing at conventional frequency by no means that you're abnormal.
So here are the number of the ears in each age cohort, 18 to therein we had...40 to 59 years old we had 564, and 60...we had 2 ears (the first one is
434).

The average of extended from 9 to 16 kilohertz are shown, so average extended high frequency from 9
to 16 kilohertz was...in 18 to 34...34.if I have been, and at 60+ was 51.6, so what you can see there is a difference of a magnitude of a difference between
young cohort and old group of more than -- close to 40

dB at extended high frequency average while they both have normal high-frequency pure-tone average.
Here is the graph of what I've presented.	So

the green is the young cohort, red is the middle-aged, and the blue or purple is the 60+.	So up to here is conventional frequencies, can you see that?	So there are very different at higher frequencies.	And you would have considered these guys to be normal
typically when they come to you, and any changes within that 25 dB is normal, it's wrong but, again, this is what we do, as you can see huge difference. It's a very good way to not use age markers.
Does that make sense?








So the effect size of prevents the discussion from collapses to what is statistically significant. So we are trying to voice -- we just want to know the effect size how certain we are that these individuals are different?	So age group explained about half of the changes in average EHF, so it's huge.	So almost
50% of the differences observed was explained by age. Taking into account gender and other effects.	So -- and we also looked at the area under the curve for conventional frequencies and extended higher frequencies to decide the age and adding extended high frequency can actually help explain more.
And here is an interesting part which Ragul is working on is it's the fact that speech-in-noise. It's one of the functional that we're using.	It's
dividing the outcome, it's called a scatter plot, 694

ears, it's not a proof that shows the EHF can explain speech-in-noise difficulty.	It just shows
association.	What that means is conventionally normal hearing with poor QuickSIN if you look at this
quadrant here, which is normal, high-frequency pure-tone average, so almost 50% of that 694 individuals who had QuickSIN of 20 dB and hero, that cut-off for the QuickSIN, would be considered mild or worse is 3 dB.	So half of that 694 who had normal








hearing at conventional frequencies had degraded extended high frequencies.
So it goes that to the notion that EHF needs to be run on a routine basis.	So that's the take-home message.	It does not explain everything, but in that cohort who had normal pure-tone average, half of them had degradation of extended high frequencies.
So in is a good example why Bayesian intervals

are very useful in these kind of contexts.	For the one you're using for QuickSIN is 3 dB and above.
...it's called mild and higher, that is not considered to be normal.	So for the 3 dB SNR outcome the posterior interval lies above one.	For the our study so far.
So what this means is just...association.	We also looked at the 7 dB and...it does actually provide a good explanation of degradation of the QuickSIN when hearing conventional frequency is considered normal. Not for all the participants, but at least for half
the participants.

So conventional audiometry still remains essential, but it is not adequate.	So the only time that you can actually have a complement story and picture is to have extended high frequency added to your conventional frequencies, plus the QuickSIN to








have a good complete picture.	That goes to the minimal test battery that we discussed at the beginning of our lecture.	So you need to...have conventional and QuickSIN in your protocol for all your patients regardless of their complaint.
So what EHF can and cannot tell us?	So there

are sensitive to age-related changes, they're excellent for monitoring purposes.	Most of the changes that happen in the system may happen at extended high frequency before it happens at conventional frequencies.	Again, traditional fixed frequency cut-offs are misleading...that complements speech-in-noise can be obtained from EHF when hearing is within normal range.	But we cannot say about
extended high frequency proof, extended high frequency alone is that specific aetiology of hearing difficulty cannot be obtained.	The speech-in-noise difficulty caused by EHF losses is not 100%.	That threshold
above cut-off defies hearing loss in isolation.	And the statistical detectable differences are clinically...
So these items cannot be gathered from the EHF

so far.	We may change down the road.	Just to kind of touch base on some of the things that we covered.	I want to know if you're good with the answers that we








have here.	The patient has a p value of .051, for a group difference.	Can we conclude the "no effect"? Actually that's not true, because we look at black and white.	If it's not .05 and still .051, we say it's
not significant, we take it off.	But it's not true. It does not say absence of effect.	There may be an effect.	It has to be looked at the effect size and uncertainty and certainty of that effect.	Why can 20 dB HL mean something different at 1 kilohertz than 16 kilohertz?	Because the population distribution and especially the variance change with frequency, as you have noticed the variance increases as we increase the frequencies.
A patient has normal conventional threshold but

poor QuickSIN.	What might EHF add?	Evidence of high-frequency cochlear sensitivity.		Vulnerability may complement, but not replace the functional results.
So you can't replace QuickSIN with extended high frequency.	Or vice versa.	That's why min multiple test minimum test batter...so this is a summary of
what we've discussed.	So if you want to take these

ideas home or take-home, eight kilohertz limit is a clinical convention, not a biological boundary.	EHF measurements are technically demanding, transducer








calibration, but all those have been resolved. Monitoring focuses on change from a reliable baseline not merely whether a threshold is normal.	Bayesian distribution modelling showed that typical threshold variability is frequency dependent, so one fixed
cut-off is a poor universal descriptor.	And EHF can

reveal early auditory aging and add context to listening complaints but functional testing such as QuickSIN remains indispensable.
Some of the literature that you can actually tap

into, and I've uploaded some of them into the Canvas.

Any question?	Okay, yes, Sara?

SARA:	Yeah, actually I'm wondering, we should access the result of Bayesian with the real one, and --
INST NAVID SHAHNAZ:	Can you repeat the last one with? SARA:	We should access -- am I right access the results
of Bayesian statistics like your study with the real data with the real life, we should access with it or no, it isn't necessary to assessment?
INST NAVID SHAHNAZ:	I'm not sure what you're referring

to.	If you're referring to how the simulation can be assessed in terms of accuracy, or -- yeah, we did
that, we had the dataset of 126 ears, so we tested 126 ears already.	And what we did, we used that
simulation to extend that based on that dataset that








we had to a new 18,000 participant based on posterior probability.	And then we fitted the data together from the actual data to the simulation on the 18,000, and the data if it was perfect.	In that paper we provided the graphs and appendixes in terms of the data fit.	So, yes, what that means is that the simulation model was fitted the original data albeit on a smaller sample size but it was bigger than most of the studies.
SARA:	Thank you.

INST NAVID SHAHNAZ:	Any other question, guys?

Okay, so, again, this concept of automation, you will actually -- you were exposed during Valter's
class when I did a guest lecture, and you're going to

start using that on an on going basis in your lab, so you will use the Beckshin [phonetic] and also Frank, measurement of limit to get the feel of limits in the methodology as well.	So your lab is in-person with me, and you're in good hands.	May is using exactly
the same thing as we're discussing for participants in

her protocol, so she's very well versed in applying these concepts.
Okay?	Good-luck, and I do apologize for not be able in person, and hopefully I can be in one piece and in person.	Any question?	So I think that's it,








if you guys have any questions you can actually e-mail me, and if you need it...a meeting, set up a meeting. Thank you.
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