






AUDI 530B - Sept 16, 2026

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

INST NAVID SHAHNAZ: Okay, so can you try the mic?	Turning it on and off.	Okay, it's doing something.	Okay, so the very first thing that I'd like to cover is going through the syllabus, the syllabus during the first
two weeks of the class is on draft, so if you have any questions, any concerns, we can actually look at it to see if we can modify that.	Have you guys had a chance to look at the syllabus?	Great.	Have you identified two leaders?	Not yet, I need two leaders.	 So what is the job of the leader?		Take...and for the test that they take, they get a bonus mark.		So that's kind of helping them out in terms of taking extra responsibility; okay?	So I need to have the two leaders by the end of today because a lot of coordination happens to the leaders.	There's also a self-assessment within the syllabus, because this is a group work, we need to assess each other in terms of the contribution.	So the leaders will assess all the colleagues, and you guys will assess two.	So it goes for everyone; okay?
And any issues that you may have, you can come to me.	So if you cannot get resolved through your leaders or the two people who are assigned to kind of
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coordinate everything, we set up a time to talk to me. But most of the coordination happens through the two leaders.	Does it make sense?	I'll assign the database, all of you need to finish the tricouncil ethics, and I need electronic copy of that by next week, okay?	So you should be able to do that when you're watching Netflix, although I don't recommend that, and the electronic copy, you cannot access any research data without having that tricouncil.	Does that make sense.
STUDENT: ...

INST NAVID SHAHNAZ: Electronically, NS...CA should be on the syllabus.	If not, I'll correct that.	And just put the name of the course on the subject line, and tricouncil ethics, so it will automatically fill in the box; okay?
Anything else?	And we will talk about once the leader are set up in the next session, and you do most of the work at your own time and you let me know if
you want to have a meeting with me individually or as

a group, and usually this is done through your leaders, and if not, it's required to be one-to-one, you just let me know; okay?
So let's go back here, hopefully the display

stays the same.	I hate this.	So for those of you who








do not know what this one is, this is part of a body contouring using ultrasound.	And this display is not helping me.	Okay, so extend this way.
...do you guys have any questions about that,

the clinical analysis?	All good?	So you guys are happy about the deep...and sensitivity and its specificity, predictive values are?
So we will try to kind of convert this into

something meaningful for you guys so that you can use it in your practice, and that's the reason that we brought this one up.	Sorry guys, I just have to figure out this, why it's not displaying properly.
CART CAPTIONER [Catherine]: Do you have Andrew's number so you can get him to come and fix the FM?	Or whoever
the tech guy is?	It's going to be hell otherwise.	I

can't use my FM because it's buzzing like crazy. INST NAVID SHAHNAZ: Don't worry, we're figuring things
out, you're not late.

So as this one is loading up and I'm fixing it, my voice is coming through; right?
In the clinic you're asked if one test is better than the other test, and one way to do that is basically evidence-based practice is through clinical decision analysis, and that's why we're covering this as part of your research methods, because that's the








tool, if you have, say, tympanometry at 56 hertz which is the most commonly used measuring the middle ear.
If someone tells you that high-frequency tympanometric works better, and 226 tympanometry, are you going to ethic as a face value because the guy says so?	No,
you need evidence, show me the money; right?	And and

part of it is true...

Clinical decision analysis...do any of you have US -- [speaking in undertones]... I just have to go old-fashioned way.	Okay.	So basically when I have a distribution, meaning that I have a test, it will result in a set of scores, in normal and abnormal group; right?	Say I have normal middle ear, and I have abnormal middle ear, and I have a test I'll put
that test into action.	What it does basically creates two distributions; okay?	So here the proportion in...proportion, and here is a set of scores for the test.	So it could be if you're doing a speech test,
it could be in percentage point, if you're doing a

test of middle ear, it could be reverent frequency, if you do AVR, it could be latency, but you will put that test into action within two groups, one is called the control group, which is a normal group, and one is abnormal group, which is the disease group.	So for middle ear often the most common one in kids are








middle ear effusion, fluid behind the middle ear.	I say this test works better than the other one, I'll make the test available to the two groups and I need the gold standard.	Do you know what the gold standard is?	Gold standard is the ultimate test that has been proven to be 100% accurate.	So what's the gold standard for tumour?	Anyone, if someone has a tumour, what's the gold, surgery.	What's the next-best, because you see the tumour but it's often invasive,
you want to have an approach as good as surgery but

it's not surgery, it's MRI but MRI is expensive, if I want to run it for the population, I'm going to cause the whole health care system to go bankrupt; right? That's why you have a long waiting list.
So you have another test which is not that expensive, but claims that it can do the same thing. So that's how clinical decision analysis comes into action.	And what will happen, it always creates two sets of distribution.	One for the normal or control group, which is general population, and one is for abnormal group, which is the target disease, the
target disease can be different, depending on the type

of research that you do or the type of questions you ask in the clinic.
So, for example, I say I have this traditional








tympanometry, which is 226 hertz and I have this new gadget, we're going to call high frequency tympanometry, and my target is otosclerosis, it's a condition in which the bone gets fixated, predisposition to some hereditary gene, so it's not acquired, so offsprings or prior grandma or grandpa must have had it and it's being passed on.	Often it's more common in females...so that's why it's called progressive is the most common cause of conductive hearing loss now.
So 226 hertz, there are different variables you can use, one is called static admittance and for otosclerosis you can use what we call resonant frequency.		Do you know what the resonant is in 514, it's a frequency at which the energy flows regularly into the system.	So each resonant frequency, why because there are two forces that are opposing the flow of energy, one is called reactants due to mass, the other is called reactants to stiffness and one is resistance.	 So the reactants due to mass and stiffness are proportional to the frequency, meaning that one offers more reaction and one offers less reaction.	So in theory, you can find a frequency for
any object, but these two become equal.	Because there

are vector, we call them phaser, they are on the two








different direction.	So if they become equal, they cancel each other.	And the only force that are opposing the flow of energy is resistance.	That's why it's easy for energy to flow into the system.	Does that make sense?	No, people argue that rhythm and frequency is a better option to detect otosclerosis, because it increases the stiffness in the middle ear. If you recall your physics, it's proportional to
rhythm and frequency or increasing mass will drop down the resonant frequency; okay?	So 514, when Tony covered those kind of numbers for you.
So what will happen with otosclerosis because it

increases stiffness of the middle ear rhythm and goes significantly higher than the normal individual.
We want to put it into the test to see if this is the better test to the other.	 So each of these tests would create two sets of distribution.	So if I put the distribution of, say, 226 tympanic...take the peak and subtract it from the tail, this is called static admittance; right?, trigonometry.	And presumably that's the admittance at the plane of ear drum, and people have used it since '40s as a way of detecting the stiffness in the middle ear.	So it's the most commonly used variable in your clinical practice to identify pathology.	That's why jerka








[phonetic] called it AS, because the peak drops down. How they determine or measure that, by measuring the peak and subtract YTM or...you may have heard it as a compliance.	I set up a group of normal...and identify them as normal, and I run my test on them.	I get a
set of distribution.

Then I have a group of otosclerotic ear, what's the standard test for otosclerotic surgery.	So I have to test them prior to surgery, YTM at 226 hertz.	What I will do, I use the surgery as a confirmation of a pathology.	Makes sense?	So here is my normal group,
I call it N, and I do the same thing for the

otosclerotic ears, and I get something like this, and I get something like this, this is another set of distribution from the target case, in this case it is otosclerosis.	Makes sense?	What's the problem with this picture?	Overlap, that's not good.	Because we have a criterion, criterion is something that you put and say this is my criterion, this is abnormal; this is normal...so if I put my criterion here, and I say this is called beta.	And I say above this is abnormal, below this is normal.
The problem is, yes, I capture most of the abnormal group, I identify a lot of abnormal as abnormal, do you see that.








If I shift this one to the right, what will happen?	I shift this yardstick to the right, what will happen?	I'm trading off more specificity for
loss of sensitivity.	If I put this criterion up here,

I say anything above this is abnormal, anything below this is normal, then I just identify a portion of otosclerotic ear while missing a lot of otosclerotic ears.		Or I identify all of them but a lot of abnormal are identified as otosclerotic, why this is?	It's because the distance between these two peaks is very close.		This is called D prime.	So what does it tell you?	A test is a very good test if the D prime is
big.	Why, because there's less overlap.	So that's one that can be used.	But often that takes a long time to do that.	So we use another method which is
called receiver operating characteristics.	ROC or ROC

curve, curve, curve, it was used back in World War II, when the radar operator was looking at the sky, they couldn't see any planes, they were coming from far away, so bleeps on a screen.	What was the problem?
It could be Stuttgart German bombers coming to bomb the U.K., or it could have been a flock of birds.	If they would have it's German airplanes, people would have gone to shelters, a lot of ammunition would have been used to protect the sky so loss of budget.








Or the other way they would have said it's just a flock of birds, and it was the Stuttgart people would have been killed.	So you can see it's always a trade-off, so in terms of the cost, in terms of the outcomes, so sometimes it could be fatal.	Sometimes it could cost you a lot of money to assess.
So what we need to do, we have to establish something that we call ROC curve.	What is the ROC curve?	ROC curve is a false alarm [drawing] or sensitivity.	So it's a plot of sensitivity as a function of false alarm.	So you need only these two to have a matrix.	You know what the matrix is, not the movie?	So the matrix is this -- [drawing]. Always has four cells in it.	So HR or sensitivity,
what's the hit rate?	If I say something has a disease and they have a disease, I've correctly identified that, that's a hit rate, those that I missed I said they didn't have a disease but they did have a
disease, so I missed them; right?

It goes through for the normal, if I say they're flawed and in fact they're normal, that's called specificity.	Right?	However if I say they're not normal and they have a disease but they are in fact normal, this is called false alarm.	So I need one
cell from this side and from this side to predict the








other one.	So if my sensitivity is 70%, my miss rate is 30%, do you follow?	If my false is 10% and my specificity is 90%.	I only need one cell to predict the other one.	So you only need a plot of sensitivity as a...of false alarm.	The other one is one minus
this one.	If your false alarm is 50%, your

specificity is 50%.	Same goes for sensitivity.	Does it make sense so far?
This diagonal line, you can make a square out of it; right?	Has a very good property.	This is square, it's called the diameter of that is called chance.	So what is chance, guys?	How do you define chance in simple terms for me?
STUDENT:	50%.

INST NAVID SHAHNAZ: 50%, so provide an example that makes sense to the other colleagues?
STUDENT:	Flipping a coin.	So 50% chance.

INST NAVID SHAHNAZ: You're right, if a test is performing at chance level, you don't have to take a test, you can flip a coin.	And a lot of tests that we use for many years are working at a chance level, but you're still using it, so this is what we call a clinical decision analysis...based practice.
So if you want the 226 hertz for otosclerotic

ears or the ossicular discontinuity.	If it's not








connected properly to the other chain, often happens because of an accident.	It can happen because of erosion due to chronic middle-ear infections.
Actually it's performing a chance.	And that's not one

research.	Many research over the years 226 hertz tympanometry for ossicular...it's performing at chance
level.

So what that means is that you can toss a coin, have the same outcome, have a test that you're running paid a lot of money for it.	So what we do, if you
plot that distribution that I showed you earlier, it will look something like this.	This is called ROC, so it's a plot of sensitivity of the function of specificity.	And we can measure the area under this curve; okay?	It's called area under receiver...it's often equal to D prime.	So the area of the curve of ROC is roughly equal to D prime.	Why I say roughly because it depends on the distribution.	If it's
normal distributed, it's equal to D prime.	If it's not normally -- do you know what the normal distribution is?	This is the normal distribution -- [drawing] -- you take normal distribution or caution distribution, but you may have a distribution like
this this area under the curve is roughly equal to the

D prime in most of the tests that we run, because most








of the tests that we're running, regardless of which test you're running is not normally distributed.
So if I run the same test as I did and showed you the distribution, and run it for resonant frequency for the normal, and resonant frequency for
otosclerotic ear, you'll see that it has less overlap,

or the deep...is bigger for the resonant frequency. And if I plot the ROC of it, it's going to look like this.	So the area under the resonant frequency curve is much larger.	And we don't say much larger, we can statistically compare that; okay?	And that's what we do in evidence based practice, so we measure the ROC curve, we measure the area under it.	The first question that we ask, is it performing significantly above chance?	Why do you ask that question, because if it's not performing above chance that's it's equal to tossing a coin.
The second question that we ask, if you want to

compare two tests against each other, we compare the area under the curve, statistically to see if the area under curve for one test is significantly larger than the other test.	In this case this one is
significantly larger than the other test, and what we can say is this test is outperforming the other test. If I had these two at my disposal for discontinuity,








would I have chosen resonant frequency, and that would have been a wise choice.
Does it make sense?	Any question on that? So whenever you look at the literature and
someone is claiming that this test can identify the target disease better than the traditional test, this is what you need to do.
It's also very important in screening babies.

How many babies are we screening in the province, do you know?	We have roughly 40,000 births in the province.	And we screen all the babies.	We have different tests at our disposal do that, and if you don't run a test, what is the level of accuracy of identifying the target?	If I don't run the test in general population?	And I go and say you have the disease, what's the accuracy of my claim?		So just go on the campus, and put my hand on the head of someone and say you have a tumour.	What is the accuracy of my claim?
STUDENT:	Very low.

INST NAVID SHAHNAZ:	Hollow, what determines the accuracy of my claim, prevalence of the disease.	So my claim becomes equal to the prevalence of the disease.	If the disease is 1% of prevalence, then if I do that, then I'm 1% accurate.	And if you -- sum that one up








to general population, it's a very low accuracy.

So one way to improve the test accuracy is to increase the prevalence.	I don't want to actually inoculate people to get a tumour, but one way to do that is screening.	That's why we do a screening. Because the screen people will have much higher prevalence.	Does that make sense?
So when I screen people in the general

population, so if the prevalence of a hearing loss is

2 per,000, and you can extrapolated to 40,000 births

in BC, and if I screen the prevalence changes from 2%, for example, to 16%, then it makes a huge difference
in terms of the running another diagnostic test on a higher prevalence disease.	Because the prevalence has a direct impact on the positive predictive value.	Do you know what that is?		So when we run a test in the lab, we are talking about sensitivity or specificity. Because it's a select group, it's not a population group.	However when we talk to the general, we talk about positive predictive value.	So and that's what you would like to do.	So positive predictive value is an important piece that is directly on top of sensitivity and specificity directly correlates to prevalence of a disease.
So if your sensitivity is 90%, your specificity








is 90% but the prevalence of the disease is 1% but your positive predictive value is low.
However, for 90% specificity, if the prevalence of the disease is 20%, the positive predictive value is very high.
So that's why we do screening, because we

increase the prevalence of a disease in the screened population, and as a result of we increase the positive predictive value.	We also have this concept of negative predictive value, which goes the other way, positive predictive value is for identifying the target disease in the general population.	The negative predictive value goes for the normal cohort in the population.
So far so good?	So in clinical decision analysis, the ROC plays an important piece to see first a test is performing above chance, because if it's not doing that, why are you running it?
Second compare different tests against each other.	How we do that?	By looking at the area in the ROC curve to see if that area is statistically larger than the area of the other test.	If that is the case, then that test is outperforming the other test, and we select that one for our patient population.
Makes sense?	Any questions so far?	So the








other thing that is as important, we call it cost benefit analysis.	So what is a cost benefit analysis? There are two costs associated with any test.	One is cost in terms of the monetary cost, how much it's
going to take to purchase the system.	How much it's cost to train the individuals and purchase the machines, and what would be the cost to send someone for, for example, to an MRI.	The other cost is the direct cost, the other cost to the patient.	If I don't identify that disease properly, will that patient die, what will happen to the patient?	If I tell someone that you have a disease and you don't have, what will happen to that patient?	Anxiety, for example.
So both costs, human costs and the monetary costs should be taken into account.	 So we only do a cost benefit analysis, we will take into account the monetary cost also the human cost.	And how those things are being assigned properly is by having experts such as an audiologist, depending on the field; right?	In this case audiologist hospital administrator, they're responsible for the budget and also members from the public to come in and sit and see what is acceptable cost.	So they look at the literature because they have experts in the panel,








they have individuals from the public that they also have someone as a manager who deals with money and costs on an ongoing basis, because they get money each year to run the whole system, and they want to make sure that it's cost effective without compromising the health of the patients, and they kind of assign what
is unacceptable numbers.	And based on that, they may set up a series of the tests.
Ultimately it's going to be great to run MRI on everyone but it's not cost-effective.
Does it make sense?

So this whole idea of test performance analysis it's an important piece in clinical decision analysis, and that is why we put it as a part of the lecture for this course to be able to kind of weigh what is the best way to determine if a test should be used in the first place, in the clinical domain for an
audiologist, and which test to use.

And we're lacking a lot of numbers for many of these tests, it just keeps growing.	But, again, you have to remember you have to read the literature to see if the data is available to kind of make that decision.
Any questions so far?	So just to make sure that

you're happy with the concept I'm going to plot








normally distributed ROC for this purpose.

[Drawing].	What was this line?	Chance.	This

one?

STUDENT:	False.

INST NAVID SHAHNAZ: False alarm, I forgot what the false alarm is?	What is false alarm.
STUDENT:	They're identified as having the disease but don't actually have it.
INST NAVID SHAHNAZ: Very good.	If you want to determine specificity, how are you going to do that if you have a false alarm?
STUDENT:	1 minus the false alarm rate.

INST NAVID SHAHNAZ: Exactly, and what is the hit rate?

What's another name for hit rate?	Sensitivity.	And what does that mean?
STUDENT:	When it's positive, like true positive.

INST NAVID SHAHNAZ: That's true, so when someone has the disease and you identify that as having a disease, that's the hit rate.	And how do you determine the miss?
STUDENT:	1 minus.

INST NAVID SHAHNAZ: There we go.	If it's normally distributed, it's going to look like this [drawing]. So it's called normally distributed ROC.	What's the property of normal distributed ROC?	The criterion,








remember that I put the art sticker on the criterion, you can do this here.	This becomes a criterion, for example.	So on the normal distributed ROC curve, the criterion will not change the overall test performance or the area under the curve, it's always constant.
What you're doing, just trading off sensitivity for

specificity.	So if I put this criterion here, getting a very good sensitivity but very poor specificity.	If I put it here, I'm getting very good specificity, very poor sensitivity.	You follow?	So in normally distributed ROC curve, the test performance is stable. You can't change that with criterion.	What you do, if you move your criterion up and down in an ROC curve, you're simply trading off sensitivity with the specificity.	And when I talked about cost benefit analysis, it's where should I put this?	Do you
follow?	So administrators wants to put this one here

-- [indicating] why?	Because if they send a lot of normals, in fact there are more normals than ab normals, it's going to cost the system a significant amount of money.	The audiologist wants to put the criterion here because they want to identify with a disease, the cost is huge...gold standard or diagnostic test.	That's why we have members of different groups to determine where to put this








yardstick.	Does that make sense?

The trick is that in our field we don't have normal distribution.	So the ROC in our field is jagged.	When it's jagged it means it's not normally distributed.	In normal distribution the D prime or area under the curve is constant.	So meaning that this yardstick won't impact, but in jagged distribution or not normally distributed, the D prime varies based on criterion.
So it's going to look in audiology it's going to

look like this [drawing].	So this criterion has a different D prime than this criterion.	And that is why the whole area under the curve is more accurate than a single point on the curve.	So that's why this concept of AUROC or the area under the ROC curve, is the guidelines, not just a single point.
Does that make sense?	So if I have another test that goes here, obviously it's closer to upper left corner, I call it a gate of paradise, but if you measure that in terms of the area under the curve and it's significantly larger than the other one, so this test is outperforming this test.	Makes sense?
Any question?	So what I will need from you guys is to have two leaders for the course.	The two
leaders I mentioned, will get some bonus mark for the








job that they do, and coordinate to get the ball rolling, although you need to submit your tricouncil ethics by next week on Wednesday, electronically.	I think I put a link.	If not let me know.	It's very easy to finish that about two hours of your time, if not less, and then we will make the database available and we can start the ball rolling to help out with the statistical analysis and everything.
So if I don't hear anything back from you guys by next Wednesday, then this becomes final draft. Still if you have any comments or questions, let me know.
STUDENT: Can I just confirm the meeting of the official classes? So for the following weeks, do we not meet here.
INST NAVID SHAHNAZ: We do meet to get your leaders and get

the ball rolling, but after that, so that meeting could be 30 minutes, then it's going to be based on the need.
STUDENT:	For the final class, the syllabus says it will

be December 4th, but that's a Friday, is that a typo. INST NAVID SHAHNAZ: That's why it's draft.	Thank you. STUDENT:	Okay.
INST NAVID SHAHNAZ: So it will be adjusted, it's going to

be the last December before the exam break.	So I








think it was 7, if I'm not mistaken, so the last Wednesday before 7.	So I'll check the date and correct that.	Thank you.	Any other question?	Okay.
I think that's it.	We're going to reconvene at 10 for

Audi 553.	The next course.
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