Chapter 3

i)

Statistics Review

® A statistic 8 a fimeron of a sample of duia

® An ewfimuior is a statistic

= Populalion paramsler — wknown

« Eztimator — used to estimare an unlenosan population parameter
= The sample, v will be considered mandom

* SincyVis random, cstimators nsing p will be random

I Cample : [lee the die rolls jn A‘.’;.j»’- ’l\\
Since NSHERARER ar: random, they huve a g"."“";ll.'g‘{ e l'f?lnn a

special name: sampling disoribution.

W will obtain propertics of the sampling distribution to sce it the
estimator is "pond” or not,

C=n \[c\ 5

-~ - - qu\
3.1 Random Sampling from the Populalion /‘

o Typically, we want to know something ahenn '1

= The population is considered e be very large (i ), and
contains some unknosn “outh™

= W likely won't
the pop.

« We'll use the sample, 1, 1o estimate that something

¢ whole population, bul a g'g;‘r‘n"e Lo

Example: suppose we wanl Lo know the mean beaghl of g
e . of M student
Let v = helghi ol o 4088 siudent

« Population: all e siudems
» Population parameter of interest: gy

We can’Lallord w ubserve the whole pop.

We'll huve o colleel o somple, 1
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We wunl the sumple w relleet the populalion.

Question: How should the sumple be selected h’m‘u the population'
vanch only

i particular we want the sample 10 be id.d. ( m.n.
5 camt P pop- oi‘ Vob I\ she alm bt
(en’l d’i‘ Eask&lﬂ“)

« Identically
= lndependently — nis |..,\l< .rjc UL n'M
+ Distributed



S the sample v is tandom!!

¢ Could have gorten a different
= Parallel universe
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Low could Lid. be violated in the heights exanple?
Lxample: mean income of Canadians, Low could Lid. be violated?

Hovw shomld we estimare the mean height?

3.2 Distimators and Sampling Distributions
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3.2.1 Sample mean
A popular choice for estimuting a population mean is by using o
senprle midne {00 seenple aveeire of JUST averare)

: = . ] .\nt‘*\

¢ From Tetghtcexample] ¥ = 174. 1)y, = 176.8 / ﬂ;le, G\;,»
.l :

# There are many ways to estimare xamples? ¥ie e ]| ﬁ%

o Why is (3.1) 30 popular? ¥ Be best @

= How good is § al cslimaling e, in general?
» To answer these questions: idea of o sampling distibution

fa random. Each clement of i was selocted
{itferent sample

where Lhe

Rl e,

Eamc, 7= [ETH
» Randomly sample [Tom the popalution — get 3
o i random

= Use p w caleulus 7
2 F i random
oeould have gotten a differont sample — could have gotten a
dillerent ¥
o poplation is always the same ()

n
s M 4.1 Tl(\"i ,n\n;l]h £



« ¥ is random variable {it’s an estimator, all estimators are random)

= rindomn variables wsually have probubility functions

* ¥ has a sempling disteihuion (probability function for an
eslimalor)

o sampling disteiburion  imaging all possible values for ¥ that you
would get — plot y hislogram

« Using a compurter, T drew | mil, different random samples of #=2

from tahle 3.1, Caleulate ch time. Plot histogram:
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Which probability function is vight for ¥ W]
» Look at figure 3.1
» Motice the summation aperator in equation 3,1 )
VI LT (,JJ.’nj i n.uri«
» Answer: _plema) Reason: _C wn )
¥ s random. We'll derivae s
= e
* variance
ke these to determine i it's g “good” cstimator via three statistical
properties:
» llias
= ENicieney
» Consistency
11

3.2.3 Bias

An estimator is unbiased if its expected value is equal to the
population patameler iVs estimaling,

‘That is, ¥ is unbiased if £ F] = j,

Unbiased if it gives “the right answer on averape™

Biused 1111 gives the wiong answer on average.
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An estimacor is efficient if it has the smallest variance ameng all ather

potential estimators (for us, potenlial = lincar, unbiased)

Need w gel the varianes of v,
)

Var[g] — Var
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« We'll alzn need this to prove consistency. and for hvp. testing

3.2.5 Consistency

Suppose we had a lot of information. (@ = )
What value should we get for our estimator? 1 ?]N# answel , EVery
How would slate this n'mlhu'm.iLu..i]I\u /
Lnny val {\D 20 \/ .M bias \D =0

Q1 Prove tat the szmmlg;_mmun: i COI]blblC.llL estiinator Lor the
population mean.

Hoe

2
w0 W
of 1
Yol el ?oes QWD\)}

01 Define the wenms unbiasedness, cllivieney. wmd consisteney.
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'M\\ 3.3 Hypothesis lests (knowi J)fj

L bive o nesher
R Hay ":glj_ g /.,n|-m! alhogs

e ILat gy gy (2-sided albemadive)

9. sided /i Econ

(3.1}

= Lstimale g, (using ¥ Lor example)
= Sew iR appoars “elose™ 10 py
o Remember, ¥ is random! {and Normal)
= LS close — Ll o rejest
« Ifit"s far — reject

17
Fxample: Z- ksi
* Hypothesize that mean height of a TT of M student is | 7lem i- Yes
1 o
Haor {3.0] y qs> || cm
. ¥ I\ i‘”& H & 1l
= Colleel a sample: p = 31739, 17 .
[Xs 'alc‘nlat
: £ +
= Suppusi (very unreulistically thal we know thulpag= 397 {H,’ ‘°‘=/d\
L

» What now?
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e o = 5,
resiter than 1741,

The p-value or the above st s 0,44, Low w luterprel this? C l L
i 2 : al
Wt chance of 3(“@5 a g Hhat i mere aclerse Jo f, _brejeri"

3.3.1 Sirnilficance of 4 lesl
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3.3.4 Test stalistics
* Just a more convenient way of getring the p-value for the test
= Lach hypothesis lest would present us with a new nonmnal curve ©

that we would have to draw, and calculate a new area (see fiz. 3.2y 17k Lt
= Lustead: sfanmdardize
» This wives us ore curve for afl testing profiems (the standard \
normal curve)
» Caleulate o buneh ol arcas under the curve, und labulale than N [U{'Lw
« Notan issue with modern computers. but this is still the way we do o
Lhings ] NNUTE) 40\
o Herar to get a = tost statistic?
; : o,l
» 2o a = st for our heights example. /"N zn~ N { 4 )
7 _ @Gul = 079
imake — hypcthtsis = (Y- M = :
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3.3.5 Critical values » 2™ (t-shab) o %
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3.3.6 Confidence mtervals if gl > 8 W Cons i s‘}fﬂr{'- #
Wit i 1l probability. ik one 2 statistic will b within @ erlain

innerval, it the el hamothas
probahiling?

warnle, what is the folloerng
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Finally, we solve conarion 317 that the mill hypothesis jy,g i in the
middle of the probabiliny statcmacnt:
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3.4 Hypothesis Tests {(unknown cr.f.]

& Much more realistically, @ sarianee of 1) will be unknown,

scall that: Var[¥]

Fobipy

~7 5.E. ('D
® S0, we need WG ESMALE o5 in order 10 perform hypothesis tesis,
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3.4.1 Estimating o.2 \;o\rﬂj} E ‘ 4l jrte ké‘\_,/
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w 1s this o good estimater? Why or why nol? l—‘)
» A hetter estimator:

* Negrees-of-freednm correction

v={1,3 71  inbo.
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We can implement hypathesis resring by replacing the imlonewes |r with its 5 W)
RELTTALLT -z> The = test sratistic now becomes:
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