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

INST BOXIN TANG: ...[12:34 p.m.] find the sample size and that can achieve this.
The perfect simple to illustrate how to do these calculations using the method without memorizing the formula; all right?	If you're so good at memorizing things, and not jugs for the exam, you don't have to
do this, but similarly knowing how this works will help you understand, not just this material, but also other related.
We have the beta, which is type 2 error (?).	So

this is the rejection region I believe we have obtained -- well, we want a level of a test that...is Z greater than or equal to Z alpha, so alpha equal...and Z greater than or equal to 1.645.	The probability of type 2 error is the accepting region, the probability of accepting the null hypothesis, but under alternative; all right?
Okay.	An alternative Z no longer has normal

standard distribution, so we need to standardize it. This is the mean under alternative, so you check the mean, on both sides...still hope, and we don't have to divide by -- well, dividing by one does not help anything.	So the Z and the alternative still have
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So the left-hand side becomes standard normal.


We know that by Z-prime, the right-handed we can plug in the number 3 minus 1 is 2, sample size in this case is to be determined.	We don't know.
1.645 minus square root n.

Maybe just know that this Z-prime is...normal. It's beta.		Now, in part BZ is given we can cut this probability.	In this case N is unknown, but the beta is given.	So we get the equation, the equation in terms of N, this is the equation.	[Writing]...	1.645 minus square root n equals to 0.1.		From that we
obtain [writing].

All right.	So you want that probability -- you want this probability to be 0.1%.	Then this value has to be this [writing]...; right?	So when you are -- -- just draw a picture, you draw a picture, you see that probability is 0.1%, so this value has to be this.
And that one can be calculated from the table as

1.282.	So this will give you the equation; right?, then we can start from n.	[Writing]... ...to the left, square root to the right, square both sides and switch the sides.	It gives you 8.57.	We know that sample size can now be as fraction, it has to be an integer; right?, if you have side equal to 8.57, you








have the beta equal to 0.1. So what we do, we can take n equal to 9. You sample size larger than -- this is the ideal value which is not integer...is
going to ensure beta greater than 0.1.	So you want to

test with probability...error to be 0.1%.	You certainly don't mind that I gave you a test, the probability type 2 error is slightly smaller than
0.1%; right?

Now, if you take n equal to 8, this is going to be slightly bigger than 0.1%.
I hope that you go through the example, you follow the idea, and then basically this is really not difficult.	You have a rejection region is one side. Then you calculate the acceptant region and...that
give you equation, the equation...n...maybe you think about I don't really mind because I can bring cheat sheet to my exam.	That works for the exam.	But understanding this will make things easier, not just for this course but for future courses; right?
Okay.	We're going to redo this example one

whether two-sided alternative, and there are some differences.	For the most part the difference is minor.	But...calculation I think I need a...for this because if you look at the formula in the textbook,
the two-sided alternative sample size, they give you a








formula, but they say proximate; all right?, and I think my example will explain why it's approximate. The approximation is actually pretty good. .
Example 2.	We redo example 1 for two-sided

alternative.	So you need alternative 1 is 1 sample side.	But this time we do two-size alternative.
The rejection region will also become two-sided

[writing]... .

So basically you use both from your rejection region, and each...has a probability of half alpha. And alpha is 25%.	And it's 0.025, equals 1.96.	And, again, we do the...for the given data if you forget the numbers, you look at example 1, you have observations 1, 3, 5, 7, something like that.
For the given data, Z equal to 3.	The 3 obviously in this case [writing]... is still for in that rejection rate.	So it's not...is rejected.
All right, part (b) part (b) the probability

type 2 error under a particular alternative, mu prime equals to 3.	We can make that type-2 error for this alternative, beta is the probability of a rejection region.	The rejection region is Z greater than or equal to 1.96...absolute value less than 1.6.	Need to make sure this is under our alternative; all right?
[Writing]... this step is trivial, it's how you








remove, value of sign (?) the number in absolute value, smaller than 1.96, then this number itself is between -1.6 and the...1.6.
The test...under the null hypothesis, under the

alternative it does not have the normal distribution. We need to convert it into a standard normal by extracting its mean.	...this Z is [writing]... this; right?	0 is, equal to 1 here.	Under alternative the mu is mu prime, so with the expectation this will become mu prime, and the variant is still 1.	So this is the Z...divided by 1, and do it on both sides.	So this is the probability...do the calculation.		And mu prime is 3, and this is 2, this is a 4.	Maybe I can write down one more time 3 minus 1, 2, square root 4. Minus -- and this one I will write down Z prime so this becomes standard normal.
Okay.	And if you do the calculation you see that this -- well, that's 2, so minus 3.96.	And you look up the normal table, this is the standard normal, you...probabilities that the normal will be within
this range.	This is 0.484.	So if you have a cumulative distribution function for a normal distribution, that will allow you to calculate the probability up to this value, and also allow you to have the probability up to this value -- [indicating],








and if you have a difference, you have got that one.

So this is the probability type 2 error.	So part (c), we need to determine the sample size for a given type 2 error (?) [writing]... .
If this -- you see if once you have done it a couple of times, this type of calculation is basically the same, but just that the n is unknown; all right?, you get an unknown there.
So I don't really need to -- maybe I'll just do it one time.	I don't really need to write down all the details, I can just use that one, 3 minus 1, 2, instead of four here, you have n.	[Writing]... .
Okay, so basically we will subtract this value on both sides -- or maybe -- maybe [erasing] I guess for some, perhaps makes it smoother to do it this way, subtract the mean on both sides.	[Writing]...	And this becomes root n, and this whole thing is prime.
1.96, with square root n.

So the calculation similar to part (b), just that we need to keep the n there.
We have a slight problem here.	How do we -- you see you know this is equal to 0.1, yes, we've got the equation; all right?, you look at this equation, this is the equation.	You have an n here, you have an n here.	So you cannot for sure to know what this value








is or this value is, because both are variable.	If

you like to write down the more precise equation, this thing is the right-hand side is minus 1.96-square root n, is this equal to 0.1. So that's the equation.
Well, obviously we have a slight problem.	This is not linear or anything.	There's n here, there's n here, just looks like the equation is unsolvable.
Numerically you can always solve it.

The good thing about the equation is if I draw a picture, you will see that we can obtain very good approximation.
Well, I mean, yeah, that's fine.	So I want this

probability to be [writing]... 0.1%.	So this value is

1.96 minus n, and this value is -1.6 minus n.	So how do I figure out n to make this probability 0.1%?	As I said...calculation has a little bit of a problem.	 But if you think about it, this probability is 0.1; all right?	Which means this -- [indicating] is so small, you can ignore it.	Well, in my picture it doesn't
look like too small.	But if this is very small, this

is very small means this is, you know, a tail -- very small tail.	Therefore this probability going to be so small that it can be ignored.	It has to be much smaller than 0.1.	Does that make sense to you?
So this part -- [indicating] it's negligible.








Does that make sense to you?	If this probability is not 0.1, 0.5, it's probably not that negligible.	...I think that makes sense; right?	If you ask me to calculating the sample size to beta .5, 0.7, then I don't think I can ignore that.	But this is already small.	So this is negligible.
If negligible, then approximately, so basically what I'm saying is [writing]... approximately this is
0.1%, that is this whole thing approximately is 0.1, because this is negligible. Then that will allow me to solve the equation.
1.96 minus square root n is -0Z0.1.

So this allows us to calculate the sample size. n equals [writing]... and we can take take n equal to leverage, to make sure that the beta is equal to 0.1%.
Any questions?

STUDENT:	How big of a tail should we make that assumption, since we assume that tail is -- that
area -- the end of the tail is very small, how, like, how small is small enough to make that assumption?
INST BOXIN TANG:	If you are asked a reasonable question, a reasonable question that you want the probability beta to be small, then this is fine.	But you can ask mathematical correct question, I want beta, like, to
be 0.9%, then obviously in that case the approximation








is going to be poor.

Well, with computer these days, you can actually do some exact calculations.	You can do hundreds, thousands value n, you find the closest; right?, just that hand calculation has to be approximation.
So it can be explicitly, see, this is hard to

say; right?	I mean with computer you can just do numerical solution basically.
All right.	So so far discussion is on test about the mean with no variance.
So next section is for the case unknown variance.	Our intuitive rejection region is the
result is very similar to just like in standard...test becomes key test.	So I'm going to present the result in the table without going through all the details.
The level of our test [writing]... I'll give you a

table [drawing].	H naught, H a, this is a rejection region, H nought, mu equals to mu 0.	So there are three types of alternative, one side this way, one side that way, or both sides.	Reject region, just time just do T [writing].
So previously what you had here is Z, Z, Z...and

when there is T [writing]... very similar to Z, it's just that the sigma is replaced by S, where S-square is the sample variance.	And test also obtain under H








null (?).

So the arguments we have done and applied to all these situations, it's just that...square is isolated, and...and that test becomes T test. So in this
regard, the rejection region, there's not much difference.	But there's a big difference in terms of calculating type 2 error and determining sample size.
So one can also consider this

problem...alternative, when you want to calculate the probability type 2 error, calculate beta or if given beta, calculate the sample size.
Unfortunately in this case the probability

becomes much more difficult and complicated; all right?, we're not going to pursue here.	The textbook has a little bit of discussion on this.
Finding beta for a given alternative and sample

size, so that's one problem.	And finding n for given beta, given with prime and the beta is much more complicated.
And actually we can get idea why this is

complicated, but...difficult.	Why?	You see, if you look at your...test 2 error (?) this is a test when...under alternative the distribution is still normal, it's just not standard normal.	But if you look at your...static, the...square is unknown.	This








is the highest T distribution under the null hypothesis.	What about the...alternative?	The alternative, this is the distribution, do you know what the distribution is?	You see, under the null hypothesis, the numerator and denominator, one is standard normal, the other is chi-square...probably normalized, then you get the T distribution.	But under alternative, the numerator is normal, but has a non-0 mean.
I can do this, no problem [writing]... I can do

this, so the numerator is -- well, you have to do this way.	You get the idea, you don't have to take note of that.		Basically I can make the numerator become standard normal and the denominator becomes the T distribution under the null hypothesis.	But under the alternative, this is still T, no problem --
chi-squared, sorry, chi-squared square root.	This is normal with non-0 mean.	So you have a ratio of a two random variable, numerator, or vains (?) 1, that's fine.	The square root, chi-square, have you learned that distribution.	The T define the standard normal divided by...degree of freedom.	Yes, this distribution is still...T, it's called noncentral T distribution.	The T distribution is a noncentral distribution, and it's not that...easy.	And these








days, and these days, most people don't actually use that often -- well, use it, but maybe in a computer with software, we don't learn that much.	In the old days we learned this a lot.
Anyway, the alternative you have to deal with noncentral T distribution; all right?	That will make it difficult.
So that's one reason -- there's a additional

complication.	The additional complication is this

sim-squared, actually.	And it's not that we cannot do anything about it.	We can do something.	It will involve numerical and graphical technique.	So we will not pursue this further, and you can look at the textbook.	[Writing]...		Pursue this topic here.	The textbook has some discussion on that.
I think the message is this, if you calculate

the type 2 error and given the...and it's not easy. Well, you can just use the estimate and pretend that's the known variance, do a calculation like that.	You have a large sample size you get an approximate
result.

Great.	So this concludes section 3.2, the test on normal mean.	Given...and for unknown variance...all of them.








STUDENT: I have a question. Is there supposed to be two...or just one? Like, finding theta given the prime...
INST BOXIN TANG:	Yeah, I know there's a -- basically this

is the whole thing, this is the whole thing.	To make -- if it looks better, you can put the alternative here then it would be easier.	I agree. Okay now?
Great.	And the next topic [writing]... 3.3 tests about a normal variance.	I mean...tests about normal mean, we now turn our attention to tests about normal variance, tests about...square.
This is actually very strange, the textbook did not talk about it [writing]... from this topic.	No
idea.

It's not that this is not important, and we have done...square...and maybe next chapter, it also talk about comparing...the two-sample problem, comparing
two variances to population. So in a way this is very strange to me, and we should do it. Now, this problem itself is of interest, and also help you to understand the test for comparing two variances. And the
textbook had that one. That's strange.

Okay.	It's not that this is difficult or anything, we have learned...-squared, so...maybe a








time for a break.	I'll write down the problem and then we'll take a break.
We have a normal sample, and [speaking in undertones]... we'll consider this problem.	Consider the problem of testing sim-square, you can do sim-0 square.	Maybe you have a strong belief apart from prior experience, that the underlying proper variant is equal to 1.	That's what I'm going to test,
versus -- or consider one-sided problem first, the sim-square is greater.
Let me write down this, then we'll take a break. In the testing...and...problems are strongly related. So everything we learned there, you can see the relationship, they use something similar.	So we haven't used this fact of...square.	The sample variance multiplied by...squared has chi-squared distribution with...freedom.	Using this fact...square or even...and going to use this fact to conduct test. Okay, let's take a break.	And continue, 10 minutes, approximately
[RECESS]...

INST BOXIN TANG:	Since we're conducting the test, we need to have a static.	The static gives...by using that under H nought.	And you plug in sim-0 square, and
this has chi-square...H nought equals to








sim...sim-0-squared; all right?	And I would call this K.	So we have a test that tests the K here.	The test is defined by specialize...under H nought.	So we've got that distribution.	So you know the behaviour of test take.	In order to...rejection...we need to have idea how this test...behaves under alternative.	Under alternative...sim-squared actually greater than
sim-squared 0.	You can just look at it.	If true

sim-square is greater than sim-square 0, this becomes sim-square, you get 6-square...sim-0-square,
sim-square getting bigger, the K...is bigger. Therefore the value of K tends to be larger under the alternative.
So this suggest that we use the upper tail to

obtain our rejection region for given alpha.	So we use alpha...so the true value...C, and the c to make sure that the...error is alpha.	So this is the...K greater than equal to chi-square, upper alpha point, and this is ensure the probability of this rejection region under H naught is alpha.
Let's look at the two other problems.	So alternatives this side [indicating to the left] is the result K less than or equal to -- again, we have used this notation, this is to have a consistent notation. The probability is the upper tail.	In this case








actually it's not tail anymore, but this side is alpha, this side is 1 minus alpha.
If you forget which side, look at the behaviour of the static and the alternative; all right? .	In this case the alternative...greater than 0, then...if the alternative sim-squared is less than sim-squared
0, this tends to be small, so lower...

Now, for both sides [writing]... and a rejection region is K.	In this case the small value of K and
the large value of K provide evidence or [writing]...

so meaning that the rejection region has two pieces. The...both; all right?, so you calculate your K value, static, you check whether it is smaller than this, or is it greater than this?	If...then rejection region; all right?	The acceptance region is in the middle;
all right?	So this way or this way [indicating to the

left or right].

Maybe in this case I'll give you a graph. [Drawing].	That's this, that's half alpha this is half alpha; all right?	So the rejection region, it's the union of the two; all right?	So I say "or" here, not "and".	As long as it's -- one of them is...rejection region.
If you compare the results here with the test

for normal mean, for two-sided test about the normal








mean, we have a Z absolute value greater than Z half alpha or T half alpha, it is because Z and T are symmetrical.	In this case the chi square is not symmetrical, you have to deal with them separately, you can't put them in one single expression.
Maybe I'll ask a question.	So when the

test...is given, you're asked to conduct test for a Given level of alpha, the first thing you want to do is obtain a rejection region; right?	Once the
rejection region is obtained, what else do you want to

do?	We want you to calculate -- I mean we want to know the quality of this test; right?	The test satisfy the requirement that type 1 error is half alpha.	We like to know that it's probably a type 2 error.	In this case actually type 2 error can be easily obtained.	[Writing]... obtain beta.	This is the probability type 2 error.
And you can do that, actually, for both three

testing problems.	The next probability sample size is, it's harder, so we're not going to do that, we're just going to talk about the calculating the type 2
error.

So just use this -- use one example to explain. Take this problem [writing]... one-sided alternative to the right.








Alternative sigma...let's look at this sigma

1-squared (?) this is just notation, and perhaps you have testing sim-squared what...1, versus alternative sim-square greater than 1, and...alternative
sim-square you go to 2. So sim-1-squared equals to 2 in this case [Captioner: I don't know if he's saying sim or sigma or what?]
Beta is probability of acceptance region.

But...alternative.	The rejection region is greater than or equal to this value, the...probability rejection region, but need to be calculated under alternative; all right?
Under alternative, K no longer has chi-squared distribution, but we can obtain the chi-squared distribution by doing the following.	Let me just first write down this K bar-square.
All right.	This...you can always read it under. But because the...same as 1-square, and you get
sim-0-square, so this no longer has chi-squared distribution.	And just do a little bit of manipulation.	[Writing]...	If I have a sim-1-square in the denominator, then it has chi -squared distribution.
If I do that, I need to make sure that

the...hold [writing]...	Maybe I'll just put that one









here.



All right, I think it's not difficult to see


that this inequality is equivalent to this inequality; right?	Basically I...both side as 0-squared, and dividing both sides by Sig 1-squared.	After doing that, I convert this thing into chi-squared distribution, because right now the two sim-square is
1 Sim-square, so this becomes a...distribution.

So if I want to write down not using...chi-square distribution...freedom, CDF evaluated at [writing]...	This.
As the cdf of chi-squared.

This last...is just notation.	If you're asked to do calculation, here you'll get a number; right? You look up chi-square table and you can find that probability.
I'm going to provide -- maybe I'll do it here, provide a graph, illustrating this probability type 2 error.	So this is the chi-squared distribution...so the PDF chi-squared.		This is the rejection region [writing]...	And so the rejection region.	This is alpha type 1 error.	Now, type 2 error is here.	This is beta, alpha, [writing]... sim-0-squared.
Yeah.	This -- chi-squared...this alpha, that's

beta.	Do you find anything interesting here?








Interesting because on one graph I'm able to show you the type 1 error and type 2 error, the probability of type 1 error and type 2 error on one graph, the
chi-square distribution PDF.	Type 2, and type 1.	If

you do find it interesting, I'm going to show you what happens for...normal mean.
Interesting because we can see both alpha and beta from the same curve.
Let me draw a graph, I'll show you the alpha and the beta, testing the normal mean.	We'll compare. Let's consider this problem [writing]... ...for known sim-square, and particular alternative.	I'll show you the type 1 error and type 2 error on a graph, I mean
on a graph, but I need two curves for that.	[Drawing]

so this is the standard normal, Z, okay, maybe write down Z.	Z has...normal under each node.	And Z is here, is like that.
So this is the rejection region, Z alpha.	You

get alpha here.	All right.	Now, the alternative, under alternative, this is the distribution under alternative.
Z follow [writing]... -- this is under

alternative. .

And the type 2 error, this is a type 2 error, the beta.	This is the beta.	And I believe I have








drawn this graph for you maybe not the general case, maybe for an example; all right?	Either way if you want to see type 1 error and type 2 error, but you need two curve to see that.	This is the alpha, it's
under that curve.	Beta, this is alternative, and this way.	This one, you can see under one curve.
And hopefully you study, I'm not sure what I mean by "study graph", just look at it, make sense of it, you know, hopefully this is meaningful, do it a few times, and I think it will help you a great deal; all right? .
Are there any questions?	You're all good?	And

I didn't do the type 2 error for the other testing problem, but it should be very similar; all right?
Go on to the next section.	[Writing]... Binomial.	So we have a binomial random available with...success...P (?) this is a testing problem.	P0 versus p greater than P0.
And at the time we have learned how to obtain...P; right?	And...in the last section.	And basically because the binomial distribution is normal, and we can use normal approximation based
on...theorem.	So basically this is what we have used to obtain...so the idea that of is this.	[Writing]... you first estimate the population eligibility, you use








the sample proportion, so this is the total number of successes, divided by the total number of trials, there's a proportion of successes, that's a P-hat, and the P-hat is a good estimator for P, and we do standardization, divide -- subtract the P-hat by its mean, which is P, divided by square root is variance...P and 1 minused P over n, and approximately central theorem...normal distribution.	And we have used this fact...and at that time in order to get a simple...because the P in the denominator...P-hat,
then I get a simple communeble (?) in this case for the...it's different.	We want to do a test that has known distribution under H0.	We call this Z, under H0.	So...under H0, approximately standard normal. Okay.	But this is under H0 that we have this distribution.
So we have obtained...and it's distribution is known under H0, and in order to form a rejection region, we need to know how the test behaves under alternative.
[Writing]... it tends to be large under the alternative.	I think this is -- again, it's obvious, and if the alternative is true, you...get the P, alternative is greater than P0... .
Therefore, [writing]... for a given alpha.








So in a way, this is a very similar to what we've done for...mean known variance.	At least the final result looks the same.	Z greater than Z alpha. But this Z is obtained differently.
So next we're going to leave it to the next lecture, but I will make some comment.	So once we have obtained this rejection...test, we can conduct tests but if you want to evaluate a test, we need to calculate the type 2 error.	And the calculation type
2 error is going to be complicated, but it can be

done.	The idea is the same, just the expression looks complicated, we'll do it next time.	I'll use the remaining time just to make some comments.
Here the test obtained using central limit

theorem, normal to proximal binomial essentially. Some of you have learned that one can also approximately binomial using Poisson distribution. You use Poisson to approximate binomial.	That will give you some alternative results.	Suddenly...not simpler, but it's a way to go if you let's say you feel that approximating discrete distribution using continues, generally it's not as good to approximate distribution using a discrete distribution.
So normal basically I'm saying that Poisson

approximation is alternative method.








The next comment perhaps more important, that simply just for conducting tests, we can actually do it without normal approximation.	You see, if we just follow -- maybe I'll just draw it here.
So the idea of obtaining this test, well, we do the normal approximation, so I call this Z, and the larger value Z...evidence.	A...value Z is equal to
say large value P-hat, which is also equivalent to say

large X; all right?	So what I mean is under alternative X tend to be larger.	So the rejection region can be equivalently obtained in [writing]... like this.	So this rejection region is equivalent to this rejection region.	If Z is greater than some value, maybe I'll write it this way.	If the Z greater than something, maybe d, equivalent to X greater than c, it's...does it make sense?	Well, if this is
greater than d, you can obtain X greater than something for sure, then that value c is...if this is greater than c, you can obtain Z greater than or equal to d.	So these two equivalent are equivalent.	So the two...regions are equivalent.
Okay.	If we...obtained alpha test (our goal?)

since I know the distribution X.	This is a binomial distribution.	So actually I can calculate this probability precisely under each node.	[Writing]...








I can calculate this probability precisely under H0. (Not each...H0) value of c since...I need to find value of c so this is equal to alpha.
Small complication here, because X is discrete

distribution, it may not be value c exactly equal to alpha.	How about I give you an example.	Let's say
you want alpha to be 5%.	Perhaps this is what you get

[writing]...	I'm just using an example.		Maybe this is this -- well,...so the alpha is actually smaller than what I want.	Okay, then you try the next value [writing]...	And perhaps this is this.	[Writing]...
.

But I don't know which value c to choose to get this 5%.	So this is the dilemma, you can't get the if I have been%.	If I'm doing this for someone.	You really want (5%) can I do 4.9?	Okay, this is my
return region, and then my calculation is exact.

So basically I think what I'm discussing here is that binomial in terms of...we can actually do exact test, and I'm not sure exactly.	I didn't check today for the binomial in terms of formula rejection region...test we can actually do exact test without approximation.	It's just that we may not get the
exact alpha.	The exact alpha, 5%, that's so

important?	Perhaps not.	It's artificial; right?








In the next section we are going to talk about something called the P value.	The P value, it's related to alpha, and not exactly alpha.	Alpha is the probability type 1 error in the conducting tests, it
is called a formal name is level significance.	The P value can be termed as 0 value significance.	If you can calculate the P value, the P value, the size of P value is a measure of the amount of evidence against H naught.	Once you calculate the P value, if you have
to conduct tests for given level significance alpha,

you can compare the P value with your alpha, and how that is related to this?	I don't have any problem calculating the P value, exact calculation P value here.	I have the observe value, the P value, I get the P value.
Anyway, this is something I think it's

interesting, and then you see I just have a general discussion.	The test will probably mention this, I'm not sure.	I think it's good to know.		Okay, yeah, I think that's all for today, and next time we're going to calculate the type 2 error for this...problem also consider two other testing problems.	After that, we will do the P value.
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