






AUDI 553 - Sept 16, 2026

.............................................. INST NAVID SHAHNAZ:	Let me see if I can find Andrew.
Okay, guys any question from the previous session on

central auditory processing?	[Speaking in undertones]... okay, I think we may cover up to slide
12, am I right. STUDENT:	Right, true.
INST NAVID SHAHNAZ:	Any question?	So basically central auditory processing disorder is everything about that, this condition, has a bit of controversy around it.
So some experts say you don't have to do this, but it

is the practice of audiologists, and it has been confirmed by professional organizations on both side
of the borders.	On this side by SAC...CAA, and on the other side by ASHA and the triple A, to triple A is similar to CAA, and ASHA is similar to SAC, and it's the same in the U.K., and New Zealand and Australia.
So all English speaking that central auditory processing disorder is a...scope of practice for audiologists.	Regardless where you go in the
English-speaking countries, that's part of this cohort

practice of audiologists.	Does that make sense?	And there are guidelines, so I put the guidelines for U.S. and Canada on the course website for you to read.	 And
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usually every five to 10 years they will update the guidelines based on the new evidence.
Basically central auditory processing disorder is just referring to what we do with what we hear. That's what it is.	And often you may think it is directly correlated to your conventional hearing test, but it's not.	So you may have a perfect hearing defined as better than 25 dB HROA, still have difficulty with processing difficulties.
The prevalence is hard to determine.	You know

why?	By why the prevalence is hard to determine, STUDENT:	You don't have any tests to detect.
INST NAVID SHAHNAZ:		Lack of gold standard.	Yes.	So remember you need the gold standard, you don't have a gold standard.	All you're going to actually -- you're not going to do the surgery because it's a functional issue; okay?
So they have developed a questionnaire, a

standardized question, psychometrically valid question, some of the questions SAB, will come and
talk about it, and often it's the patient judgment, so the patient says I have problems interesting speech in the crowded environment. That's why there's a bit of
a confusion which is called hidden hearing loss, so

hidden hearing loss people also call it cochlear








synaptopathy, it's not one condition, but it could be a form of ADP, so something is not working properly processing.	And processing is happening in a different function.	We'll come and cover some of those things that can happen, but it's very hard to determine the actual prevalence.
However, we can say that in older people it is more prevalent.	In people who have had concussion, it is more prevalent.	So that's why any conflict that
has happened in the army has triggered this

significantly. So TBI has been one of the issues in the army whether it's due to explosion or WorkSafeBC is a jurisdiction in Province of BC that governs the workers, so most of the companies have be insured by WorkSafeBC, so they regulate what is acceptable in
terms of the noise and other work conditions.	So part

of the claim could come from WorkSafeBC, it could also be due to motor vehicle accident, MVA, it could be due to sport injuries.	We have two major leagues in BC, one is the hockey, and the other two not as prominent are white Cap and the Lions.	So all those individuals may have had some form of brain injuries.	So it increases the prevalence of it.
Any war conflicts or involvement in Canada

involvement in Afghanistan or other jurisdictions will








bring more numbers back.	The other thing is aging, and I'm going to start the slide show from here.	So aging is another issue that will increase the prevalence of APD or CAPD.	Why I keep switching between one and another, different literature will use different terminology, but for the sake of this class, we'll stick with CAPD; okay?
So it is shown that in older adults it's more

common as you age.	The question is at what age range? And is it related to hearing loss?	It could as the hearing loss progresses, and it's not being intervened properly, there may be some more issues in processing, but it does not necessarily correlate to hearing loss you have to be happy with the deprivation and deprivation concept is that when you are receiving a signal from two healthy cochlea, your neural structure is conveying that to the brain.	If any interruption happens, what will happen is that the neural integrity will become compromised.	And that has been shown in animal models and also some other models, if I have a hearing loss or damage to the hearing, immediately within a month or so the density of neurons or
synapses will start to change.	And that's why it is proposed to intervene as soon as possible to maintain the stimulation properly.	Now, it's debatable that








hearing loss is actually a causal correlation to brain issues such as dementia and Alzheimer's, but it's increasing the risk of it if it is not properly intervened, some of the literature.	But it's not a causal model, the causal model is maybe because something else happens is causing that.	Does that
make sense?	But, again, it has been shown that there is a cognitive decline if it's not properly intervened.
So the question is directly relevant if you have

a hearing loss, it needs to be intervened as soon as possible.	It's the same concept as we do for babies. If you identify hearing loss at the time of birth, it needs to be intervened by a given age, otherwise the normal development of the speech and language will be compromised?	Does it make sense?
So there are some other studies that they plugged the ear and they saw the same thing.	So the question comes into mind what will happen if I have a conductive hearing loss?	If you have ongoing conductive hearing loss, it could impact your neural integrity as well.	What that means is if you have transient conductive, it will change the input to the brain so it goes in a cycle of up and down, improvement, degradation, and that will change some of








those cues that we establish boundaries for.	So it has been shown that it will impact some of those neuronal integrity, I will could have those things.
So basically you have to be happy with your

neural anatomy, because a lot of things will tap into some of your prior knowledge.
What is the major intersection between right and left after the cochlea?	Your neuronal anatomy, what
is the first station?	So at which station the right and left will start talking to each other?
STUDENT:	Corpus callosum.

INST NAVID SHAHNAZ:	That's very high up.	You went too high.
STUDENT:	The superior olivary complex.

INST NAVID SHAHNAZ:	That's the main highway that right and left will start talking to each other; okay?	And that's the first station that we get localization cues.	What are the localization cues interaural intensity difference, time difference, interaural phase difference.	Why do we use those?	Not only for identifying the target in space, but also for deciphering speech from background noise.	This is important.	It goes directly into our ability to understand speech in a crowded environment.	Anything that compromises the balance between the two, the








compromise your perception of speech.

The other thing that often has not been looked at is time delay.	So this is the frequency, so we measure with the frequency based on intensity; right? That's what you do in the audiogram.	You're not measuring the time delay.	What the time delay means the time the signal to go from point A to point B. Does that make sense?	Or maybe you call it latency.
So here is the -- in a microsecond, a time delay.	So this is a result of a transient conductive or otitis media, it's very common in kids.	So if you have someone prone to otitis media, and which population in Canada is very prone to otitis media?
STUDENT:	Children.

INST NAVID SHAHNAZ:	Children.	And which ethnicity is very prone to medial infection?
STUDENT:	Indigenous children.

INST NAVID SHAHNAZ:	Yes.	It's just not in Canada.	U.S., Australia.	And another big issue.
So if you have repeated otitis media, this is

repeated, this is the one with very minimal otitis media.	The sensitivity doesn't change much but the time delay.	It will take the signal to get from point A to point B to point C.	And that will change the neural intensity of the processing.	It's an important








concept that has an impact.

The other thing that we come and talk is the called the masking difference.	It's a property that we're using to extract the speech from the background noise, even when physically speech is soft enough that it's going to be covered by noise.	So physically it's impossible to grab the speech from the background noise, because the noise is stronger than the speech, but you still can.	This is called dichotic dissonant task.	So we have monaural.	What is the monaural?
One ear.	So if you hear a signal to one ear, it's monaural.		What is diotic?	Two signal identical to two ears.
Dichotic, two different signals to two different

ears.	Imagine that I put a noise in your right ear

and put a signal to that ear.	It's called ipsilateral masking.	Most of the masking you have learned is called contralateral masking.
So you put a mask on one ear, nontest ear, and you try to measure the threshold in the test ear. It's called contralateral masking.	I can put the master and signal in the same ear.	It's called
ipsilateral masking.	And I can increase the level of the noise to the level that you can no longer hear the signal.	Does that make sense.	So I put the signal in








and I ask the patient to push the button when they hear the beep-beep when they hear the noise in that ear, I keep increasing the noise or keep decreasing the signal until the signal is no longer audible.	So
the patient can no longer hear the signal.	I can make it audible by magic.	How am I going to do that?	I send a noise here to the identical to the noise here. All of a sudden the signal becomes audible.		What I
did here, I changed it from monaural to dichotic.	So the brain has the opportunity to compare right and left.	What is the first station that does that? Superior complex.	And this is noise identical to two ears.	One is different, I extract the signal, all of it.	This is called masking level difference.	Or MLD. Does that make sense?	And we get a boost depending on the paradigm.	So what I can do, I can send two noise induced to two ears, identical, and two identical signals to the two ears.
So this is called diotic, because signal and noise are exactly identical to both ears.	Then I increase the noise to both ears until you can no longer hear the signal.
I invert one of the noise by 180 degrees.	The signal becomes audible, almost 12 decibels, meaning you have 12 dB of masking.	In people who have had








lots of otitis media, this advantage goes away or diminished significantly.
What would the consequence of understanding speech in crowded environment.	This improved masking release is going to be significantly degraded if someone has had repeated bouts of otitis media.	It's a good question how many repeated bouts of otitis media will trigger that?	Chronic version, they haven't correlated the numbers, severity, the level.
So we have seen that even in conductive hearing

loss, the timing changes, the level of the release of masking changes, which is...dichotic listening.	So it does impact perception of speech in background noise.
And so here are the masking release, so normal

you see a significantly diminished in the high bouts

of otitis media.	So you don't get the same release of masking as you get with normal middle ear infection.
Another test that was developed by Harvey Dillon

in Australia, which is also a special perception, space perception of the sound around your head.	I just want to make sure you are happy -- do you know what the azimuth is?	Zero degree, 90 degree, minus
90, or you can go around the head and come back here. You can have 90, 180...this is -90.	So if I say the azimuth is 90 degrees to the right.








So this is a very good test.	As I mentioned Harvey Dillon in Australia developed that test.	And it's based on sending the speech and signal in different direction around the head, and simulated through a headphone, so you do not need to have an array of speakers.	That's the best way to run it, but you can virtually simulate that through the headphone. And it's been designed to test that special
perception, which relates to speech perception in

noise.

So what are the conditions?	There are four conditions in LiSN-S.	So here you have the same direction.	So what's the direction here, guys?	In front, it's called zero degrees azimuth.	So you have -- it's called low cue SRT because everything
comes from the front.	So you have speaker, you have

signal, everything is coming from the front.

The other condition is that -- these two are identical.	One is different now.	So you get a bit of cue.	Now, what you can do in the other condition, so here it's called talker advantage, because one talker is different.	But they're all coming from the same direction, which is the front, and the front is called zero degree azimuth.
So here is another condition same signal but








coming from a different direction.	One is coming from the front, zero degree azimuth, the other is coming from the right, which is 90, the other one which is called minus 90.	And this is called special
advantage, because this is coming from different angles.
Does that make sense?	And the other condition you get all the two, you get different talker advantage, and you get different direction advantage. And the good thing about this test, it was normally in Australia, but then in the United States in a large population.	So the norm did nicely in terms of the score that you could get, and the shaded area in green is normal for different condition; okay?	So you have one condition.	Everything was the same to the front, one talker was different to the front, and the third one was the condition which they're all the same but they're coming from different direction of the head. And the last condition, which was the highest redundancy in terms of the cues, was not only coming from different part in space, but it also was different.
So each of these conditions resulted in different norms and they started running this in different populations, and what they noticed in kids








with otitis media, they were out of the norm.	So it's the third cues that show that otitis media will have
an impact.

Another thing that is very important here is -- where did it go?	Okay.	They developed another test, and they noticed that the other tests -- I'll just shut this one off -- can actually put this back normal.	They made an animated intervention strategy, and now it's available commercially...	And it's available and commercialized.	And when they implemented that strategy, all these scores that were outside the normal range came back to normal.
So, again, this is another way of showing that...
So auditory processing disorders, one of the other things that can make the water very murky is a lot of things can resemble the same thing.	It's called comorbidity.	So what is comorbidity and how
can we decipher it from the CAPD, can you name some of them?	Learning disability.	It could be hyperactivity disorders, it could be autism.	So we're going to come and talk about some of those comorbidity.	Here are some of the studies about the LiSN-S that I talked about in terms of the references if you guys want to
go and check it out.








So, again, what's the mechanism of such problem in otitis media is because it will create unstable input.	So your hearing fluctuates, it goes up and down, and as a result the cue gets messed up, and the good thing is that they have developed a test to counteract act the effect.
The other issue is cumulative noise exposure. So cumulative noise exposure is not necessarily can make a change in hearing sensitivity, and that was the first time that the concept of hearing loss appeared
by the work of the Liberman and Kujawa, when they exposed animals to noise and -- because the animal can be dissected and they can look at the synaptic
ribbons.	Do you know what those are?	There are

high-density structure...effrin [phonetic] fibres that makes that neurotransmitter passed on.	And that density of synaptic ribbons directly correlates to the integrity of the neural signal, the signal becomes clean as it goes to the...	If it does not translate all the information properly, the input becomes
garbled a bit.	The more you lose, the more garbled the signal becomes.	It's as if you're on an AM, and then you go to downtown.	The signal becomes a bit distorted, depends on how much of interaction of the electrical activity of the wires you can get.








So noise exposure can start disrupting those synaptic ribbons, and you remember if there's any disruption at the periphery, it will start making changes at the higher up because the input changes. And that does not necessarily change the hearing sensitivity, and it can result in a change in the processing capability, without any change in hearing sensitivity.
And that's the concept of hidden hearing loss that was developed at the time.	And, again, I've changed that concept a bit.	It's hidden not because the patient does not feel it.	It's hidden because the condition is not using the proper tool to identify it, because we are always stuck with the set of tools at our disposal, and we're working as a black-and-white individual, either this or that.	 If it's not, then it's not.	Makes sense?
Again, the hearing-aid, the concept of

intervention is also another important part, the question is that now if you can't measure the hearing loss based on the standard, should you fit hearing? Because the hearing-aid is fitted for tangible hearing loss as defined by the standard.	What's the standard? The standard says anything below 25 dBHL, or some changes, 20 dBHL.	Should I prescribe a hearing-aid?








There's a series of literature that have started to look at hearing-aids at very mild hearing loss or normal boundary hearing.	Remember that your hearing could have been -10, and now you're still in the range of 20, but you have a significant shift from where you were 10 years ago.	Now, the question that is should I use a hearing-aid because I was -10 10 years ago.	I'm
20 now.

So still there's no standard or guidelines, but there are good number of literature that has shown that prescription of the hearing-aid for very mild to normal hearing loss for individuals who are suffering for such processing capability can improve their processing capabilities.	It's still not conclusive but there are emerging evidence.
Makes sense?

STUDENT:	Sorry, can I ask.	Is there any slide to show or evidence based to show the prevalence of hearing-aids for this part of the hearing loss, like within normal range but lower than in the past?
INST NAVID SHAHNAZ:	Well, there are some literature that has looked at prescription of the hearing-aid for
near-normal hearing.	For individuals who have been suffering from understanding speech in degraded condition, it's some positive outcome.	But it's not








been proven what is the protocol, who is the

candidate, who is not? So in that case it's just been scattered literature, but emerging literature, I would say.
STUDENT:	Thank you.

INST NAVID SHAHNAZ:	So often it's also very helpful to have some simulation, because when the parents comes to you and they ask you what do you mean that my kid
has CAPD or APD so, it's always good to show them what that sounds like to your kid.	So there are some simulation that are available, which you can actually look at.	So they hear the intonations are the same
but the words are messed up, distorted.

So the other thing is that what kind of behaviour they will show up when they come to my clinic?	So there's no single behaviour, there are lists of the things that can happen.	So the No. 1 is difficulty hearing in a background noise.	And often they will say -- and that's why there are some comorbidity that is going to be mixed up like hyperactivity.	So the parent will say my kids are
when they're in the back of the class-room, he is just

out of it.	But when it's quiet, he pays attention.

So difficulty hearing in noise is the No. 1 issue that they come to you.








Difficulty following long conversations. Difficulty hearing conversations on the telephone. Difficulty learning a foreign language or second language or challenging vocabulary.	So concrete vocabulary versus abstract vocabulary.	Difficulty remembering spoken information, auditory memory deficit, difficulty taking notes, difficulty maintaining focus on an activity.	Difficulty with organizational skills.	Difficulty following
multi-step directions, difficulty directing,

sustaining or dividing attention.	Difficulty with reading or spelling.	Often you have to look for otology,difficulty with otitis media.
Again, lack of appreciation of music.	They

can't learn any instrument, or they have a significant difficulty learning a new instrument, playing music.
The diagnostic problem, as I mentioned, the main problem is we don't have a gold standard.	Much the other problem is comorbidity, so other things can actually show those behavioural problems that we discussed.
So some of the main one are attention deficit,

hyperactivity, reading disability, spectrum disorders, lack of gold standards.
And some of the audiological tests that we're








commonly using are not sensitive at all.	So we're doing very basics in the clinic, and the question is why are we not doing more?	That's another good question.
Again, lack of motivation, attention, cooperation and understanding from both the patient
and the clinician.	So here is the diagnostic dilemma. When you're looking at the central auditory system,
the ear is one input, but you get vision, learning, attention, memory, listening.	All those are feeders to the system.	And other thing that can happen, like dyslexia, autism, behavioural, SLI, AD/HD, how can we decipher each from one another.	Makes sense?
Now, there was a very good research that was

done between AD/HD and CAPD.	They selected two groups of experts, one paediatrician who were experts in AD/HD, and audiologists.	And they asked the two
groups to rank order the type of behaviour that the

patient come to your clinic exhibit.	And here is the outcome of that research.
So there were 100 paediatricians and 100 audiologists that participated in systematic ranking of the behavioural symptoms associated with the
auditory processing disorders and AD/HD.	On the AD/HD

physicians ranked inattentiveness and distraction








followed by other set.	Audiologist hearing in noise and following oral instructions, so totally different
rank.

So it will show that out of all those behaviours on the left and right the distraction and inattentiveness were on the bottom of the list for the audiologist, but on the top of the list for AD/HD.
But often when you're working on an individual who is

responsible for CAPD assessment, you need also close collaboration with a paediatrician or psychologist.
STUDENT:	Can I ask a question? INST NAVID SHAHNAZ:	Sure.
STUDENT:	Actually we had some cases that didn't have any hyperactivity, just had attention deficit.	Is there any -- something like this study for attention deficit just attention deficit.
INST NAVID SHAHNAZ:		If it's only attention deficit, say you have a client coming to your clinic, you have a set of questionnaire.	You have to run standardized questionnaire.	One of them is called sifter, the other is SABE, which you're going to use in the
context of the map...	That will give you an idea what

are the issues.	And as an audiologist, based on the case history, remember when you take the case history, you have to take account of previous repeated








infections, other things.	Then if it's just keep coming up as attention problem, you may want to get a second opinion from the paediatrician or psychologist. So that's why you need to collaborate.
So you're not ruling it out, it could be both. But you want to get a second opinion or in terms of if another condition does exist.	So the No. 1 issue on
an organ is speech in noise problem

STUDENT:	And the question will be filled by the parents? INST NAVID SHAHNAZ:	Very good question.	It should be
filled not only by the parents, but also by the teacher.
STUDENT:	Oh.

INST NAVID SHAHNAZ:	So you should not be relying on the...the question should be sent to the teacher as well as the parents.	Because the kids spend most of their time in school, almost half of it, and the rest at home.	So you have to get the two different opinion to make a proper decision.
STUDENT:	And both the questionnaire --

INST NAVID SHAHNAZ:	The questionnaire that you send is the same.
STUDENT:	I mean the parents fill it.

INST NAVID SHAHNAZ:	Separately from the teacher. STUDENT:	And will be averaged.








INST NAVID SHAHNAZ:	It's not averaging, you just look at the -- each -- at its own merit, not averaging anything.	But if you see a discrepancy, you have to do follow-up.	It's important.
Any other question?	Take five minutes break. [RECESS]
INST NAVID SHAHNAZ:	Jasmine brought up a very good question.	You guys are going for CAA, so you have to come up with you want that day to be rearranged, you have to come up with a day for make-up class.	So depending on your schedule, I'm not available on Fridays, but if you give me a heads-up, I can make myself available, so same amount of time.	We need a lecture in the morning, and lab in the afternoon for the two groups.	Or if you think that you can do one day of lecture and another day of lab, that will work as well.
So if that's the case, all of you, most of you

are going to CAA, you need to arrange a make-up class.

Who is the student rep? STUDENT:	It's me.
INST NAVID SHAHNAZ:	It's going to be on your shoulder.

So just talk to your colleagues and come up with some








potential dates, it could be one day or it could be two days, one day lecture, one day lab it's because I have to arrange a TA for the lab, and please do that before next Wednesday so that we can finalize the syllabus.	The syllabus is still in the draft mode. Any issues with the dates, any issues with logistics or any other contents, let me know.
Any other question?	So a very good point, I

almost forgot that.	Okay.	So let's proceed.

So as a continuum of processing, so acoustics come to the ear, goes through the hearing nerve, goes to the brain for processing.	And as you know, different parts of the brain are responsible for different aspects of the speech.	So the very first station, superior...complex; the very last station
is -- Sara mentioned that -- so brain talks to each

other, the ears talk to each other at the very high up is the corpus callosum.	Why we need that?	For most
of the right-handed individual, different hemisphere is responsible for processing different aspects of speech, so that synthetic, fine structure is on the left side of the brain.	So if it goes to the left, goes to the right, it has to come to the left again. And those prosodic aspects, supersegmental aspects of speech for right-handed individual mostly happen to








the right side of the brain.	So the brain needs to talk to get the speech that Navid is talking very monotonic, how you would expect that, because he just keeps talking.	Or someone just had a very nice range to their voice because you grab not only the fine structure, but also the intimation.	Makes sense?
So that's why we have different tests as the system is being -- as the signal is being processed. So the very first thing we had to test, what was the main problem with the kids and adults who have CAPD? No. 1 behavioural issue.	Speech in noise.	So you need a low redundancy test.	It's called monaural redundancy test.	You may have used some of those tests in the clinic.	One of them is speech-in-noise. Makes sense?	As we go up, how do I check the right and left brain talking to each other?	Do I need a test for that?	Makes sense.
How do I know that the signal is communicating

for the right and left as superior complex?	I need a test for that.	So you need a series of the tests battery to measure the processing capability from the periphery level all the way up to the highest level.
Does that make sense?

So that's why different test batteries have been developed.	And you can see a lot of those tests that








have come into effect.	So one of those tests that was in effect was DSTP for auditory processing.	It had three sub-tests: Dichotic digits, temporal patterning, and auditory discrimination.	Dichotic digit, we'll talk about that. ...superior complex, you remember?
So if I have a spondee, for example "pan" here, "cake"

here.	You hear "pancake."	How are you going to hear that?	Because you have connectivity.	So you can do
it with the dichotic digit, too, so you hear different digits in each ear and you can repeat the digits;
right?

Temporal processing is really, really important, and we're going to talk about temporal processing.
It's important because you have decipher different

sound based on temporal cues.	It also provide cues for speech-in-noise.	So if it's compromised, it will impact your processing capability.	Some of them happen at the very...	 We have acoustic discrimination, which is not that sensitive, but it was not really -- got adopted by many audiologists, that test battery.
So the well-balanced auditory processing should

tap into different processing capability, should be age-appropriate. So I shouldn't use a test that is not appropriate for the type of vocabulary that the








kid has.	For adult, what are the test batters that I'm using if someone is not fluent in English language, what test is at my disposal at my -- that I
have access to that is not linguistically loaded, that

dichotic digit is not -- kids even if English is not their first language can count 1 to 10.	Not 7.	Why 7 is not included.	Two syllables.	Very good.
And it has to be reliable and valid.	Today and

tomorrow it should be still within their range of normal.
So this battery has to be put in the analysis that we talked about in the first lecture.	What's the problem with that? I don't have a gold standard.	Most of those are based on a gold standard.	How should I know someone has CAPD?	That's why a lot of...disabled kids which is not accurate.	So learning disabled kids are assumed to have CAPD, but not necessarily.	So
they didn't have any gold standard to establish a

figure.

In some cases they did, because there was a split-brain injury.	So corpus callosum gets disconnected, either by the surgery or through an accident, and they identified that on an MRI or because they have done the surgery, and they did some of these tests, so they could identify the outcome of








those tests against the gold standard.

But most of the processing tests that we have at our disposal is not amenable to gold standard ROC analysis.	And that's why you have to take most of those data with a grain of salt.
So this...that has been published in some of the

literature, Hurley Musiek looked at the retrospective study with a CAPD test battery, they looked at some physiological test batter in a group of individuals, but, again, there was no gold standard.	So all the numbers you see...is the worst that you can use.	It's driven by specificity.	And here is a
positive...value.

So you have to take some of those literature with a grain of salt.	So it's just some old literature.	There were some newer literature by different individuals that looked at some of these test batters.	Like Singer, Hurley and Preece.
So I would say depending on the type of study,

if there was tangible evidence of anomaly, like split- brain injury, the rest should be taken with a grain of salt in terms of its accuracy.
So another example is from a study that was done with the kids, but these kids were not identified as true CAPD individual but because they had some








learning disability.	The outcome of some of these tests were tested, assuming that they have CAPD.	And here are the hit rate of some of these tests, and positive predictive value.
So there was an attempt to establish ROC curve and test performance analysis, but, again, you should take most of those literature with a grain of salt. The reason for that there was no gold standard to document that in fact the target population had CAPD.
And that's part of the problem with CAPD.	There is no

gold standard.

So here are the general comments on the -- some of the tasks that we are using.	So auditory discrimination, is the ability to tell something is the same or different.	Auditory temporal processing has a different component.	One is called temporal resolution.	Do you know what that is?	In order to identify two events versus one based on interaural time difference.	If I present two signal that are separated by a timing cue, how short the timing cue should be to be able to decipher those two as one event or two events.	This is called temporal resolution.
We have temporal integration.	What's that?

STUDENT:	Dichotic test.








INST NAVID SHAHNAZ: No, temporal integration the ability of the system energy over time. This goes to the 514 and Tony covers that for you.
Imagine that I present a signal, I make the

timing very short, it's a very short signal; right? There is a boundary beyond which, if I shorten the signal beyond that boundary, then I have to increase the signal intensity in order to make it...
There's a boundary beyond which increasing the time will not change the threshold.	This is called temporal integration.	What that means is I average energy over time.
We also have a concept which is called temporal masking.	You know what that is?	Again, back to your
514.

STUDENT:	The capability of the words that can mask forward or backward, words.
INST NAVID SHAHNAZ:	That's true.	So what's the core

nucleus of the English language, CVC, constant vowel, consonant.	The vowel in the middle is the strongest, so that vowel in the middle can extent its intensity over time to the last consonant or jump backwards to mask the consonant on the other side, it's called forward-masking, backward-masking.	And it could be compromised, if it's compromised the vowel in the








centre will mask differently with someone with a processing.	It's called temporal masking.	So masking does not necessarily happen simultaneously.		It
doesn't mean that the signal to noise comes in the

same ear, it can actually happen in the time domain. It's a very short time domain, granted, but it will happen.	We have more effective forward masking, less effective backward masking.
As we can see, this temporal processing is very important, and there are different tests that have been designed to measure the temporal resolution, temporal integration, or temporal masking.	Then we have dichotic speech.	Remember that masking level difference is a dichotic task.	Dichotic means that there are two different signals to two ears.	We have dichotic speech, too.	If you send a spondis [phonetic] part to the right and part of it to the left, it becomes dichotic; right?	But your system is
can measure them together.	Or if I filter the speech, put a high-pass filter on the right and low-pass
filter in the left, still dichotic, I merge them into one speech.
The monaural low redundancy.	We talked about it in Valter's class, there's a lot of other speeches
that are like speech-in-noise tests.








So those are called monaural low redundancy. You don't have to do it in noise, you can actually make it faster.	So making the speech faster will low redundancy.	If you filter the speech, you make it lower redundancy.	So there are different ways that you can actually make low-redundancy speech.
Then they have binaural interaction.	So binaural processes that the time and intensity cues are being used likes...we have electroacoustic measures.	We can actually measure OAE, and a very good one is acoustic...reflex, especially broadband noise.	We'll talk about it.	Why broadband noise?
Imagine that broadband noise is like your white noise. The wide spectrum of light has all the colours, and wide noise has all the frequencies.	The issue is that the transducer that you're using restricts outward.
And so in theory it can go toward infinite, but the type of receiver you're using is not flat across all frequencies, so it becomes restricted across the range of the frequency that the transducer can handle.
So imagine that you have a pathology that is spread across the path of the membrane or across the hearing fibres?	That pathology is not going to show up when you do your regular hearing test.	Why? Because you're tapping one frequency, one filter, but








your problem is small but diffused or spread out. But when you use a taxing signal like broadband noise, you activating and recruit all the fibers, and it will
show up. Part of the broadband over pure-tone reflex.

Usually your pure-tone reflex is 20 dB worse than the broadband noise reflex threshold.		That advantage diminishes in diffuse pathology.	So it's very good test to be used in these conditions.
And also the middle...response, all those

things, frequency following response. Tony has talked about some of those things. If it's not been covered, it will be covered.
Any questions so far?

There are screening for CAPD, to increase the prevalence, if I increase it I increase the positive predictive value.	What should be the features of a screening.	Should not be linguistically below.	When I go to the schools maybe there are a lot of kids who are not very fluent in English.	So that's why there are different screening tests that have come into action, and so there has been a questionnaire called SIFTER.	I've uploaded that.	Fisher is another questionnaire.	And also the Chaps.	The one we'll be using is your lab is called SAB.
And there's different tests.	The dichotic test








has been normed very nicely across different age groups.
The gap detection is temporal resolution task. So you identify two versus one based on the timing cues.	It's called interaural time difference.	And there's also been SCAN-A and C which is one of the worst test battery.	It has a very poor sensitivity for specificity.	Still being used in some cases.
What is dichotic digit?	You get a pair of

digit, excluding 7, because that's two syllables.	And the task is for the guy to repeat back all the digits back to you.	Here 6, 1, 8, 2, and you will be able to hear.	Some people will try to order the -- which
digit come from each ear.	You don't have to do that.

It's just the accuracy of all the digits repeated back to you.	The one that you're using is the modification of this, which is a better version.	It's is three digits per ear.	But this is a traditional one which
is called dichotic digits.	The map you're using is a triple digits.	It's a much better way of doing it.
But we started with the dichotic digits.	All the test batteries that you're using is at the very comfortable level.	We don't want to get contaminated with hearing loss.	So either it's run at MCL or some dB above SRT.	So we have to decide how it's been








normed, and run it at the same level.	For example, this one was run at 50 dB reference SRT.	The regular SRT is 50 dB above that, provided it's not uncomfortable.	It's very important to know what is the construct of the test how it's been normed, and adhere to that.		If it says it has to be MCL, we have to run it at MCL.	If it's at SRT, it has to be some number above SRT.
STUDENT:	Can I ask a question?	Can you please give a example of mapa, triple...
INST NAVID SHAHNAZ:	Instead of having two digits per ear, you have two digit per ear.	And you have to repeat. And there's another version of it which is more difficult, and once you've run, you will know.	We run a dichotic and diotic.	Diotically, it's more difficult.
So this is dichotic.	And there's another version which is called diotic.	The digits are the same segment, but it's very difficult.	But the target is always the dichotic one.
So why this test has been very popular in screening paradigm, very nicely normed, a huge body of literature behind it.	It's also very feasible to run for adults, and if you see abnormality, you can actually book them to run a more comprehensive test








battery.	Some of these tests you can run as a screening tool.	But...very, very good, even in some documented cases on dichotic digit.	 So it's been normed very nicely, so we know for aphagic subjects, they do a lot of scanning.	And it's shown very nice outcome.	The norms have been done separately for different age groups: 7, 8, 9, 10.	One thing you notice is the result for the right and left is always different.	So right-ear-advantage.	 Why right-ear advantage?
STUDENT: Because the crossover from -- if it's coming in from the right ear, it just goes directly to the left hemisphere.
INST NAVID SHAHNAZ:	Remember, the major highway is

contralateral.	Ipsilateral are sideways.	It's like major superhighways are contra lateral; side roads,
off-roads are ipsilateral.	So if you're right-handed, left hemisphere is the one that is deciphering all the details.	So it goes there in much faster connection compared to the left, because it has to go to the right, then correspond to the left through the corpus callosum.		It takes a bit more time.
And the other thing you will see is this right- handedness diminishes as you age.	So that is huge at
7 years of age.	But at 11 and above, it's very close.








One of the most commonly used temporal resolution task is random gap detection test.	It's based on interaural time difference between two signals.	So you want to determine at which timing an event becomes two versus one.	And you determine that. And one of the most popular tests has been the random gap detection test.	It's tapping into the temporal resolution very nicely, comfortable listening level.
So temporal processing task, specifically temporal resolution, and it relates to receptive language and reading problems.	So description, as
you --...test batter is to -- you will hear two signal

based on the timing cues between the two.	That timing cue changes, and then the task for the patient is if they hear one or two.	That's why it's good for the kid: Just tell me if you heard 1 or 2, so they can use the hand signal, or they can use verbal if they're
older.

Another test that's called gap detection is same category as the temporal resolution.		It's a bit different.	So instead of being a signal, you can use noise.	So the good thing about mapping is both, pure tone and noise.	So it covers both.	It's the same
task.

SCAN-C was developed by...and has SCAN-A for








adults and SCAN-C for children.	I won't go over it because it has a very poor reliability, but still some clinics are using it.	I don't recommend using it.
The other one which is very good is called

source discrimination, auditory streaming segregation. Some excellent screening tests, and it's available commercially.	So I would highly recommend to you.	I have no vested interest.	At one point it was commercial to Phonak, and right now they have their
own entity, and they sell it separately.	They also

have the version for intervention if you see abnormality.
So if you recall, you have a speech coming to

the front; right?, and two noise comes from the front, identical.	That's why it's the same colour.	Very difficult to hear the speech.	It's been normed very nicely for us to...language and U.S. -- the good thing about the U.S. language norm is that it's not using
the southern accent or any deviation of the accent. Just neural accent, so Canadians can use that one.
And then here you just switch it to the side. So you get that advantage to coming to a different direction.	So here is the parameter that is being used.	But it's done automatically.	So once you put a the test is run in different condition, you just have








to keep track of the responses, in each condition, and it will automatically calculate the score and put it
in the chart for you.

So this is another presentation.

So the guideline back in 2000 for the differential diagnosis of CAPD was proposed by the Jerger and Musiak [phonetic].	It should include that behavioural test battery, and it should include the physiological and acoustic test batter, and neuroimaging.	That part is not available and costly, so it's questionable.
We're going to talk about behavioural test

battery, mostly and some aspect of

electrophysiological assessment.	However, most of the things related to the physiological assessments such as...Petrie [phonetic] 300 is covered through Tony's class.
CART CAPTIONER [Catherine]: He's starting to really slur

his speech.

INST NAVID SHAHNAZ:	So monaural low redundancy, remember that we have that.	That's the first test batter.	The second one is binaural integration separation, and the third one is temporal processing.		So you have to have series of the Sin each category.	The very first one
is monaural low redundancy.	That can be speech in








noise, it can be filtered speech, it could be a fast speech.
And the No. 1 problem: My kid has problem understanding speech in background noise.	So this
will tap into the same task, and one of the very early tests that you run -- should be run on an ongoing
basis is Crickson [phonetic] (?) Which is available for your patient.
So here are the type of tests that you can run. And they're available.	Speech-in-noise, and you can use the compressed speech, time compressed, filtered speech, but this is the most commonly used.
So in terms of the filtered speech, there are

NU-6 available.	There are synthetic speech available, speech-in-noise, but Crickson is one of the most
common in use.	We're using sin-ka and L-sat

[phonetic].	There are three tests that we run.	In our case we run Crickson, M-sat and sin-ka.
It's known very nicely in different age groups that this is from the speech-in-noise test or SIN test.	It's using the PBK for kindergarten, so the vocabulary is appropriate for that age.	If you want to use it for the kids.	So Auditek [phonetic] is selling these tests.
The binaural test is another set of test battery








that you can use, it could be integration or separation.	There are different test batteries that go here, and dichotic words, competing sentences, and other variations of dichotic digits.	In your lab you would use triple digit test and...	So what are those
tests?	The triple digit is similar to dichotic digits

but you have three digits per ear, and you have to repeat them back. It's been normed very nicely in large populations. You hear two sentences in two
ears.	The traditional test is asked you to ignore one

and repeat the other one.	On the version that you're using, in the competing sentence it's a bit different construct, it's a better construct.	But the merit of it is the same.	It's a binaural separation and integration.
There are other test batteries such as binaural

fusion.	Still available, so you get low-pass field on the left and high-pass in the right, and you get the image...you have the SSW staggered...test.	So you
will hear pan-cake at the same time, mush-room.	So

one segment comes together at the same time.	It's called SSW.	Still available...but it's not commonly used, but it's a good test.
So here is the Kimra theory that we talked about

earlier, the right and left communication the higher








up.	Contralateral pathways are the major highways. Monaural input can actually go up, sideways, not as robust.	The connection time is much faster on the contralateral pathway.
But, again, it will give you an idea of what

will happen if the right hemispheric damage versus the left hemispheric damage versus corpus callosum damage. So not all of the corpus callosum are responsible for audition.	There's parts of it that are responsible
for transferring auditory signal between the left and

right.	Remember that for the most right-handed individuals, the left is the main synthetic or fine structure analysis, and the right is the prosodic aspect or supersegmental aspect of speech.
Now, imagine if you have a left temporal lobe lesion.	Now, I test right and left.	Say I run a task that will require for you to repeat a pattern, like, say I give you -- how many of you guys have seen Third Encounter by Spielberg?	There was a series of
auditory signal to communicate with aliens and beep,

beep, beep beep.	Here we're using pitch pattern: High, low, high.	High frequency, low frequency, high frequency.	And you have to label them back high, low, hi.	High, high, high, low, low, low, low, high, low. Makes sense?	It's called labelling.	Or you can ask








the patient to hum it.	Hum, [demonstrating].	That's another way.
Now, if you have a left temporal lesion, so infarction on the left-side impacted the...auditory system, and I do this in freefield...task of repeating the pattern.	If it goes to the right, what will happen?	I send the pattern to the right here, if I
ask the patient to repeat that pattern?

STUDENT:	Nothing happen. INST NAVID SHAHNAZ:	Why?
STUDENT: Because main part of the right ear, the input of the right ear just goes to the left side, and the left side has a lesion, so...
INST NAVID SHAHNAZ:	So if the left is the fine structure

and I have to label it, I have to say high, low, high. It can't synthesize on the right.	Nothing happens.
Now, what will happen if the pattern goes to the left, and the task is to repeat it; right?	Same
thing.	Left has to give you that warning.	It won't give you that warning back.	So you have binaural suppression.	Does that make sense?	So left temporal lesion will result in binaural separation.
Now, if you have a right temporal lesion on the left, what will happen?
STUDENT:	You have the input from the left side, but the








right side -- lower than the left --

INST NAVID SHAHNAZ:	So let's see.	So right is what, for right-handed individual?	It is a prosodic, supersegmental...	So the pattern is played on the right side; right?	 Goes to where?	To the left side. So the left side has to decipher if it's a high pitch or low pitch.	So you'll have a problem.	It needs to communicate with the right to assign something to the left, but that's impeded.
On the left, when you send, it goes to the

right.	It will pick the pattern, but you can't label it.	If you are asked to hum, they will be able to hum.	 Do you follow?	So all these problem can manifest themselves differently, but depending on the type and -- type of responses that you have.	If you see any anomalies in verbal altering of the pattern, you have to use humming, and that will give you a bit of differential diagnosis.
So it's important to kind of get a grasp of what's happening in the function of the right and the left and how corpus callosum is involved.	The same thing can happen if you have a cut in the corpus callosum.	What will happen?	So sometimes there may not be able to hum, they will be able to label.	It will give you a very good indication of what is going








on.

STUDENT:	In this test we ask the patient that follow to order, like humming and labelling, both of them?
INST NAVID SHAHNAZ:	So the best way of running -- it's

called speech pattern test.	I'll come to it shortly. It's to run it binaurally, it's called free field.
And it takes less time and it has the same diagnostic information, and it has a series of random pitch pattern, like high, low, high, and you do labelling, and if you see any abnormality in labelling, you will switch to humming.	You ask them to hum.
STUDENT:	If she or he failed?

INST NAVID SHAHNAZ:	If you see abnormality in labelling, you ask them to hum.	Why humming and labelling? Because it will give you further diagnostic information.
So sometimes labelling may be impacted by but humming is not.	If both had been impacted, it's definitely left hemisphere.
So out of the dichotic version, the most common

one as I mentioned is dichotic digit and competing sentences.	We are using triple digit, not -- in dichotic version.	We don't go over the other ones as much.	But they're available.
So here is the impact of right temporal lobe on








dichotic test.	So if you have right temporal load, left ear suppression, left temporal lobe, bilateral, posterior corpus callosum left suppression, possible right-ear...anterior is not related to the auditor system.
And peripheral conductive hearing loss has no

impact.	We are compensating for the loss.

And SSW is another test that I mentioned that's available.		I won't go over it much.	Here is the paradigm.	It's called right noncompeting, so up.	And right competing, stairs...down on the left starts coming.	So you get these two in competing condition. And downtown is on the left, and up stairs is right. But one syllable comes at the same time to both ears. And they have been normed very nicely -- still available, but not commonly being used.	It's a good test in terms of the brainstem compromise and temporal lobe compromise.
Competing sentences is the one that you're using.	This is a classic version of it, which is 25 pairs of equally constructed sentences.	They all have the same duration, validity and normed very nicely at
5 years through adulthood, and target ear receives it at 35 dB above SRT; the other ear is receiving it at
50 dB above SRT, 10 pair of sentences, and, again, you








generally score them based on some target words, compared to the age normative data.	And usually temporal lobe lesions, contralateral ear is suppressed.
So here is, for example, the top 10 target sentences will go at the same time to both ears, one at the lower SRT, one at the higher SRT.	And you ask them to repeat one sentence that target sentence on the side that you want to test.	So repeat the sentence that you hear in the right side, and on the left side.	The one that you're running with the map testing is different because they have to repeat both sentences.	So it's a bit more difficult.
So there are good norms.	One of the take-home

messages I want you to take ear advantage, remember the right ear has an advantage, always.	However, as we go from simple task like called the CV task, segment of the speech, complete sentence, see the right and left advantage gets much bigger, more complex tasks or processing, you see a much better advantage for the right ear compared to, say, word recognition versus sentence recognition.		So with
sentence recognition, the right-ear advantage is huge. With word recognition, the right-ear advantage is
still big, but not as big as the sentence.








This is in a six-years old.	If I moved this to

11-years old, what you see right-ear advantage still remains for a smaller segment of speech, but goes away for complex speech.		So there's no longer an advantage of right and left for complex speech.	Both operating at the same level.	And this is because of?	Closure. So now we are capable of using other cues to close the gap.	So there's no longer that advantage, because there is more information in a sentence compared to a segment or word that we can incorporate, for example, if I tell you I'm going to talk about cooking, then series of the words that come out of my mouth is predictable versus just isolated word.		So that
right-ear advantage for 12 years old still exists, but

no longer for complete sentences.

Does it make sense?	Auditory integration...linguistic information, integrational linguistic information, and integration of information between modalities.	...going here if you have heard the visual can impact what you hear.
So there are different tasks that are available. Binaural fusion is one of them.	The one that we're going to cover is the masking level difference that we're running.	The one that we're running is a screen mode.	It's not a full one which is available on Sara








[phonetic].	And here is some of the outcomes of these tests in different pathology.
So I won't cover all the other tests, and I'll shut up in five minutes, but I'll cover MLD.	MLD, we kind of touched base on it.	It's a dichotic task in which you can pick up the signal from the background noise, which in fact should not be possible.	You have to know some of the terminology in MLD.	So here So means that signal goes to one ear.		If you see No, No means that noise goes to one ear.	So it's called monaural.	So this is the symbol for monaural.
Another symbol that has been used in the

literature is Mo, but, again, M0 is the most common one. Sorry, o represents identical signal to both ears which is diotic.	So the subscript o is diotic, subscript M is monotic and subscript pi is dichotic.
So o means that if I have So, same signal goes to the two ears.	So 1,000 hertz.	Or No, same noise goes to the two ears.	If I have subscript M, SM means one signal to one ear.		MM means one noise to one ear. Monotic.	Pi, dichotic.		If I have S pi, I have signal to two ears but one is out of phase or inverted.	If I have N pi, I have two noise in two ears, but one is inverted.		So it's dichotic.
So just to read these conditions, what is this








condition?	What is No?	Noise -- same noise to two ears.	What is S pi?
STUDENT:	Signal is inverted.

INST NAVID SHAHNAZ:	Two signal, but one is inverted in one ear.	So this condition is diotic, monotic or dichotic?		This condition?	No is...is it monotic, diotic, or dichotic?
STUDENT:	Dichotic.

INST NAVID SHAHNAZ:	It's dichotic because different signals in each ear.	Monotic is one ear; diotic, identical signals to both ears; dichotic different signal to each ear.
How about this one?	What does this one mean?

No, same noise both ears.	Sm, signal only in one ear. Is this condition monotic, dichotic, or diotic?
INST NAVID SHAHNAZ:	Still dichotic, because it's

different signal.	One ear has the signal, the other does not.	Makes sense?
So you have to be happy with these symbols, because it will dictate what will happen in terms of the presentation, and each of these conditions will have a description, which is here.	So summarize the description.	One thing that I did not mention that we are not using in clinic is these guys is called Mu,
the Mu means the time delay, I can invert the phase or








change the timing of presentation.

But we're not using these clinically, but still we get release of masking.
And here the graphic representation of -- when I

use the test SMM, signal in one ear, noise in same ear, I increase the noise level until it masks a signal.	It's called mask threshold, and I call it 0
dB.

Now, what I do, I copy and paste here.	So I copy this one and paste it here on the other side. Still diotic, meaning that the two ears are receiving the same signal.	It will not change the condition. Still I can't hear the signal.
I just take the signal from one ear, change it

from diotic to dichotic, all of a sudden it becomes audible, I have to mask it by 9 dB, it will increase the signal by 9 dB release of masking.
By looking at all these conditions the most

robust condition is SINO.	And the signal is autophase identical in both ears.	That's when you get 15 dB release on masking, followed by SON pi.	The signal is the same on both ears, but the noise is inverted in both ears, and you get 13 dB release of masking.
And then we have norms that we look at to see if

they get proper release of masking.	If they don't,








that's abnormal MLD.	Does that make sense?

You will use the clinical version of this in

your lab.	So you have enough ammunition for your lab, and it's time for me to shut up.	So I will cover...have you guys assigned your group 1 and 2?	So you need to assign that.	It's up to you.	Make sure that everyone is happy in terms of assignment of the group.	And let me and May know who is in group 1 and who is in group 2.	Any question?
The other task for you guys is to come up with

the make-up date for the CAA, if most of you guys are going.	And looking at the syllabus to see if anything is missing or put the wrong date or you have objection for any of the items that have been put in the syllabus.	Other than that, you're good to go.
FROM THE ASSEMBLY:	Thank you.
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