Chapter 1 intro

Monday, January 6, 2025 10:29 AM

ECON 3040 — Intro to Econometrics

Lecture 1 — Course outline, RStudio, “What is
Econometrics?”

Course Description

The principal objective of this course is to provide a basic
introduction to econometric theory and its application.
Much of the emphasis of the course is on the lipear
multiple regression model, under standard assumptions.

The course begins with a review of probabhility and

statistics, and ordinary‘\least squares (OLS).
\_._._—__...-/

Required Textbook

Godwin, R. T., Introduction to Econometrics

Recommended Textbook

Introduction to Econometrics, 3rd Edition Update, by
Stock and Watson.

Course Website

Course resources {including lecture notes, past exams,
assignments, and computer labs) are available on
rtgodwin.com/3040

Evaluation

Assignments: 15%
Midterm 1 {Feb. 3): 20%
Midterm 2 {Mar. 10): 20%
Final Exam: 45%

Assignments

You will use RStudie and work with data in order to
complete your assignments.

Midterm and final examination

These will be closed book/closed notes. The final
examination will cover all of the material presented in
the course.



Grading scale

A+ 93-100
A 87-93
B+ 80-87
B 72-80
C+ 6472
c 57-64
D 50-57
F 0-50

¢ A missed assessment will result in make-up work,
or reweighting of your grade.

¢« Mar. 19 is the last day for Voluntary Withdrawal
from courses.

Academic Integrity

* All assignments and exams must be completed
independently.

¢ Do not engage in “contract” cheating.

¢ Do not provide your UM Learn login information to
anyone else. This is “personation”, a serious form
of academic misconduct.

lgnorance is not a defense. Familiarize yourself with
section 2.5 of Academic Misconduct Procedures.

| own the copyright to all course content. Sharing
my content (e.g. on Course Hero) is illegal!

All course material is copyrighted by Ryan Godwin, 2023
No audio or video recording of this material, lectures, or
presentations is affowed in any format, openly or
surreptitiously, in whole or in part without permission of
Ryan Godwin. Course materials are for the participant’s
private study and research, and must not be shared.
Violation of these and other Academic Integrity
principles, will lead to serious disciplinary action.



Tentative Course Topics

» Review of Probabhility

» Review of Statistics

® Linear Regression with One Regressor

s Hypothesis Tests

® Linear Regression with Multiple Regressors
Hypothesis Tests in Multiple Regression

* Nonlinear Regression Functions

¢ Instrumental Variables%\‘\ D . D
\

* Heteroskedasticity

Student Accessibility Services

Students with disabilities should contact Student
Accessibility Services to facilitate the implementation of
accommodations, and meet with me to discuss the
accommodations recommended by Student Accessibility
Services.

Academic Supports
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Sample Lecture

What is Econometrics?

Econometrics is a subset of statistics

Science of testing economic theories

Used to estimate causal effects

U@cogorecast or predict, (not covered in this course)
e Often characterized by “observational data”

Causal Effects

Economic models often suggest that one variable causes another. This often has policy
ghomicmoec's 0olicy

—,

implications. The economic models, however, do not provide guantitative magnitudes

B —

of the causal effects.

dLox ’7 L%
For example: / -

¢ How would a change in the price of alcohol or cigarettes effect the quantity
consumed?

\‘?‘ e If income increases, how much of the increase will be consumed?

clef

s If an additional fireplace is added to a house, how much will the price of the house
i s
increase?
e How does another year of education change earnings?

Using data to estimate causal effects

An exgeriment would be best.
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¢ What is the advantage of experiments? r(avM Sl—uV\CJ
\ d‘v‘c\“"\’
ranleml 0SSrgn BV

L»lo&i@ CO\“’ Qo)“c dot5

Economic experiments are usually unethical and/or too expensive.

We usually don’t have experimental data in econometrics — we have observational
data.

There are issues when dealing with observational data:

Omitted variables
. m

e[[Correlation vs. causation/\
—___ e




Civil engineering PhDs awarded, and per-capita consumption of cheese, from

2000-2009 in the U.S. (Spurious correlations, Tyler Vigen)
d

civil

T
9.5 10.0 105 11.0
cheese

What is wrong with the above picture?



Objectives of this course

Learn a method for estimating causal effects (least squares, “LS”)
Understand some theoretical properties of LS

Learn about hypothesis testing

Practice LS using data sets



R and RStudio

The theory and concepts presented in this course will be illustrated by analysing
several data sets. Data analysis will be accomplished through the R Statistical

Environment and RStudio. Both are free, and R is fast becoming the best and most
widely used statistical software.

First, install R

e Go to https://muug.ca/mirror/cran/
e Choose Windows or Mac




< c

CRAN
Mirrors
What's new?
Task Views
Search

About R
R Homepage
The R Journal

Software
R Sources
R Binaries
Packages
Other

Documentation
Manuals

8@ muug.ca/mirror/cran/ ¥ » e

The Comprehensive R Archive Network

Download and Install R

Precompiled binary distributions of the base system and contributed
packages. Windows and Mac users most likely want one of these versions
of R:

e Download R for Linux
e Download R for (Mac) OS X
* Download R for Windows

R is part of many Linux distributions. you should check with your Linux
|package management system in addition to the link above.

Source Code for all Platforms

'Windows and Mac users most likely want to download the precompiled
binaries listed in the upper box. not the source code. The sources have to be
compiled before you can use them. If you do not know what this means.
vou probably do not want to do it!

o The latest release (2020-06-22, Taking Off Again) R-4.0.2 tar gz
read what's new in the latest version.

o Sanrces af R alnha and heta releazes (dailv snanchate created anlv in

e Click “install R for the first time”
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CRAN
Mirrors
What's new?
Task Views
Search

About R
R Homepage
The R Journal

Software
R Sources
R Binaries
Packages
Other

Documentation
Mannals

@ muug.ca/mirror/cran/ w B 0
R for Windows
Subdirectories:

Binaries for base distribution. This is what you want to install R for
the first time.

- Binaries of contributed CRAN packages (for R »=2.13 x: managed by
Uwe Ligges). There is also information on third party software
avatilable for CRAN Windows services and corresponding
environment and make variables.

base

contrib

Binaries of contributed CRAN packages for outdated versions of R
(for R < 2.13 x: managed by Uwe Ligges).

Tools to build R and R packages. This is what you want to build your
own packages on Windows. or to build R itself.

old contrib

Riools

Please do not submit binaries to CRAN. Package developers might want to contact Uwe Ligges
directly in case of questions / suggestions related to Windows binaries.

You may also want to read the R FAQ and R for Windows FAQ.

Note: CRAN does some checks on these binaries for viruses. but cannot give guarantees. Use the
normal precautions with downloaded executables.

Click “Download R 4.4.1 for Windows” (or Mac)

Run the “.exe” file

Click “Next” a bunch of times
Don’t download RTools!



Second, install RStudio

¢ Go to https://rstudio.com/products/rstudio/download/
e Scroll down until you see the download button “Download RStudio Desktop for

Windows (Mac)”. Click it.

Step =
Install RStudio Desktop

DOWNLOAD RSTUDIO DESKTOP FOR WINDOWS

Size: 202.76MB | SHA-255: FDSEA4Ba | Version: 2022.12.0+353
Released: 2022-12-15

® Run the “.exe”
e Keep clicking “next” / “install”
e Find RStudio on your computer and open it. It should look something like this:



© Rstudio

File Edit Code View Plots Session Build Debug Profile
O - Oplar- A Go to file/function ~ Addins ~
Console  Terminal Jobs
=
R version 4.0.2 (2020-06-22) -- "Taking off Again”

copyright (c) 2020 The R Foundation for statistical computing

pPlatform: x86_64-w64-mingw32/x64 (64-bit)

R is free software and comes with ABSOLUTELY NO WARRANTY.

Tools

You are welcome to redistribute it under certain conditions.

Type ‘license()' or ‘licence()’ for distribution details.

Natural language support but running in an English locale

R is a collaborative project with many contributors.
Type ‘contributors()’ for more information and

"citation()" on how to cite R or R packages in publications.

Type ‘demo()" for some demos, "help()’ for on-line help, or

"help.start()" for an HTML browser interface to help.
Type 'q()" to quit R.

>

Help

Tutorial

& i History G i
& | | 77 import Dataset ~ | &
1k Global Environment +

Environment is empty

Files Plots Packages Help Viewer
Qi Newrolder | © Delete | Rename | G More ~
) &) Home

A Name Size

Custom Office Templates
| desktopini 4028
My Music

000
b =

My Pictures
My Videos
R

Zoom

R project: (None) ~

=0
= st - -

=0

Modified

Sep 7, 2020, 12:47 PM



Chapter 2

Probability Review — 2.1 Fundamental Stuff

2.1.1 Randomness

» Unpredictability

* Duteomes we can't predicr are random
* Represents an inability to radict

o Lxample: rolling teo dice

Sample Space

= Set of all outcomes of interest S = { 1; 21 st 6}
® Lice example 1 Uj\‘-t
l
Lvent

® Subset of outcomes
& Example: rolling higher than a 10
_——

2.1.2 Probability
® Between O amd 1 {or 3 pereentage)
« “The probability ol an event i3 the proportion ol limes il occuwrs in
the long ™
* Probubility ol rolling 7. 12, or higher than 107

\ \3 4
i 2
5% */36

%]

2.2 Random Variables

« Translates random oulcomes inte numerical values

« Die roll has numerical meaning > 1 dvper mML"”

* R¥s ure human-made

& Example: temperatuee in Celsius, Tahrenheit, Kelvin

o RVs can be@eeretgfer continaous

o A comlinuous RY always hus an infinile number ol possibiliies
« Probability of temp. being -20 tomarrow?

o Random variable vy, the reqfizafon of a rundom variablyg




2.3 Probability function

Probability fimetion = probability distribution = probability

digtribution lunetion (PRI = probabilivy mass funetion (PMIF) —

probabilicy function 1< :wT[f spare

» Lsually an cquation

* Probability function: (i) lists all possible numerical values the RV
can take; {11) assigns a probability to cach value.

e Prob. [unction conlaing all possible knowledge we can have about
an RY

*23

4
s parametars ok Aumbers)
s notmal RY
(2.3)
ab?ity funetion for die roll in a picture:
‘:L Figurs £.1: Probohiliey fanetdon for the rosck of o e roll
VETETEE
i’
£5-
£
t a3
= v oz W @
-
3
2.3.3 Probabilities of events
Probability funclion can be used to caleulate the probability of events
occurring,
Ero Let ¥ be the result of a Cie roll. What is the probability of
rolling higher Lhan 37
. . z — p - LI
R — (T gl - FriB N — 1y (PG - B
5 i oy 2
L]

2.3.4 Cumulative distribution function (CDF)

® UDF iy related 1o the probabilily fumetion
« [1"s the prob. that the RV is Jesy than or equal o a particular value
& In 4 picturs:




2.4 Moments of a random variable

o “Moment”™ refers to g concept inphysics

« 1" imunment s the mean

« 2" (central) moment is the variance

o 34y slewness

o 4945 kurtosis

« Covariance and correlation is a mixed moment

Moments simmmarize milvnmation about the RY, Moments are

obtained from the ﬁf""“‘b.‘l"-k‘l Ferchion

2.4.1 Mean (expected value)

= WValue that is expected

» Average Lhrough repealed realizations of the RY

# Determined from the probability function (do some math to it}

® Mean is summarized info that is already contained in the prob,
[unction

® Lot ¥he the RY

» Mean of ¥ — expected value of ¥— gy — E[¥]

« [ Fis discrete:

‘The mean is the weighled average of all possible oulcomes,
where the weights are the probabilities of cach outcome.

The equation for the mean of ¥ (¥ is discrete):

= 3wy (2.5)
|
where g s thae probability of the ™ ceent,
and s the rotal womber of ontecmes

eruarion. Ir is a g Ay of nrderstang

Exercise: caleulate the mean die roll. F L.{‘) =3

Whal urc the properties of the mean®?

1o
The cquation for the mean of y () is continuous):
Ler g be a randem . The mean of y i=
Elyl = l Lt
Ty s normally discribmred, ther fyd s equation (220, ad the mean of
W lurns ot R TR A (T e R R | e Toe Wi con=e, T wvon
sl b 1 e ot s L e ol i centinnons cadon v

i ddetermines froon s probability Tanetion.

The mean s different from the sedian and the made, although all are
musures of central lendeney.

The mean is different from the sample mean or samiple average.
The mean comes from the probability function, The sample
mean/dayerage comes from a sample of data.

¥ be “’%H DF o olie ro({_

s :_l x ]t " J I.r i _|

[ ettt (3) 4 . . 6_\@,)
TV

Rolowlc'f"» of f-_xjm’r1|w’| Valve A L

E[e¥T= c E(Y) — Example: Let Z=2Y

ELesyd= ¢ EDM} = payyq  EEE°F

Elwl=45
plED g

ETxYds ELXs ELYY — K is anhr ‘reyoler die
k) [ 0= 7

™
4

| =3




2.4.3 Variance

* Measure of the spread ot dispersion of a RY

o Denuoted by @2 The variance of would be rf}z, and the varance of
Xwaould be a3

® Warjanee 15 Lhe L:XECL'LL)(I squared difference of a variable from ils
mean

& Equation:

—

[(v-a0y?) = ELa)

2.4.3 Variance

® Measure ot the spread or dispersion of o RY

» Denoted by 02, The varianee of v would he GJ% and the vartance ol
X would be af

® Varlance 15 the expected squarcd dilferenee of a varable From s
mean

* FEquation;

Varl1 = B[ - E[1" ) 2.

« For variance (the 2 noment], we are taking the expectation of a
syuared wnm

« Tor skewness (the 3" moment}, we would take the expectation of a
cubed tenm, ete,

_Exercise: calenlate the variumee of a die roll
v ()= 2 (1-36)" 4+ ¢ (2-38)"4.. + ,;—'(6—5_(:)?‘ ~2.92
What are the properties of he \-ariancg? ||
Var [¢ l:'} = ¢* var [‘{j ' Var LC 4 \(3 = Var [:Y:) l val .{C] = Q ||
Exercise: I change the sides of the die to equal 2,4,6.8,10,12, What is ,.I
the mean and varianee of the dic roll?

Lxereise: What is the mcan and vaciance of the sum of two dice?

. Y ]_‘m \O = yor [XY L var [‘(3 + '}couf)(,‘(j 4

2.4.5 Covariance

* Veasures the relationship between two random variables

* Random variables ¥ und X have a joind probabilily [unction

& Jaint prob. func.: (i) lists all possible combos of Fand X; (ii) assign
POl cach combination )

o A pselul swmmary of a joinl probability function is the covariance

& The covariance between ¥ and X is the expectad ditference of ¥
[renm s mean, multiplicd by the expeetsd differenee ol & rom s
mean

& Covariance tells us something about how too variables are reluted,
or how Lthey mense together

« Tells us about the direction and strength of the relationship
between two variables



o

relui.'wsl\.‘r M= L car \(

i ——

The covarianae betwern ¥ amd S ! 4 - 3
prepertiss of iy
o ayy o measire of Uhe Saeer relacicn=hip

Trnear relaticnshing will he i ‘“———-)) \
I A fresee——— =) Cor \Cev = 0 A

sensspd later,

my = {hmeans that ¥ oand X are linearly independent. L Efcorre 'I/ i

0 9

A and X are indepe
ay rrpiEe is not neo
relationships),

Tho Covi¥,¥) i the varivy, OO Y2 E[(¥- a1 (Y- u)) = E T.(‘\"ﬂmfj = veu (Y)

A posivive covari
their mean in the

e mesns Chal Che o varishles Lend v diler Tom

Soume cires

1L

» A neEative co means that the oo variables tend to d Towm
their mean in t posite direction.
Iti]
2.4.6 Corrclation
it \;"m\
+ Correlation usvally denoted by p
® Similar to covariance, but is cusier fo interpret
(2.9)

ayy < oo, Correlation transforms eovarianee so that it 15 hamd hetween =1

and 1. That is, —1 < gyy < 1.
E :
* pyy = | mesns perfect posttive linear sssociation between ¥oand X
+ pyx = —1 means perfect negative linear asseciation between ¥ and
X,

+ pyy = (1 means no linear association between ¥ and X (linear inde
pendence ).

17

2.4.7 Conditional distribution

o Joint diswibaion. 2 Rys
« Conditional distripution — fix (eondition ou) one of those RVs
g WACaAR " - r
« Candition expectation — the mean of one RY after the other RV las
been “ixed™
Let ¥ be a diserote random variable, Then, the conditional mean of ¥
glven some wlue Tor X is
-
LY |8 — ) — 3y ) Y5 [2.10)
=1

» 1M the Leo R¥s are independent, the conditional disteibution is the
same as the maraing distribution



Example: 3lizzard and cancelled midterm

Suppose that vou have a midierm tomarrow, bul there is a possibility
of a blizzard. You are wondeting if the midterm might be cancelled.

o erming Yo
skt B ; oisl e TIRY
. kel THIE Y -E[Yjﬂ-”}l " ngo =077

® More exereises M Lhe “Review Questions™

P (WL + (_ﬁ’){) B

12

2.5 Some special probability functions
U ) tisls all poﬁ-‘lu'l'-*frt .
2.5.1 The normal distribution () preb assigmed fo P-m.'l'(l-:—g

» Conmnom because of the “central lmil theorem™ (in a lew slides)
e ———

o
1 g —aP
TP g

fiylp oy = (2.3)

)

® Mean ol v is g
* Variance of v is o2

20

2.5.2 The standard normal distribution

{211

& Any nermal random variable can be “standardized”
R T e v e
o How 1o standardizey svbbvact Ay Jiide by @
« Sandardizing has long been used in hypothesis testing (as we shall
seet

21

Fignre 24: Probahility fimetion frr o srandavd neesal wasia®le, p. 2
aray

22



2.5.3 L'he central limit theorem

o There are hundreds of different probability lunctions

# Examples: Poisson, Binomial, Generalized Pareto, Nakagami.
Limiform

& S0 why 14 the noemal distribution so imporant? Why are so many

sapeaking) — if we add up encugh RV
sum tends to be normal

the resulting

Excretse: draw the probubility Tunction Tor one dicvoll, then Tor the
sum of twa dice.

Fignre 2.1: Prahahi unetion for the vesuln of o die roll

0.8

@

orobability

0.4

L ITTIL

24

Figure 24 Probubility luctiv for the s ol beo dice

prooability

0z

01

dice rell

[
LA

1 Probab waelion for theee dice, and o ribution

W fhase o
nemmal clatzution

.12

a 010

006 08

Q.04

0.02

0.00

ERE) B oooM o8 WM WO MWK 1w

dice roll | random normal variakle



Fignre 26 Prohahilitg fimerion for sighe dice, and nommal discriburion

Ly ge

g __,,,..-fﬂ[ i [ -

= B 12 18 20 24 28 32 36 40 44 48
dice rol

2.5.4 The chi=square distribution

o Add o w nommal RY sl normal

il s

» Multiply a normal RV — still normal

* Square a normal RV — now it is chi-square distributed

W will wse the ehi-sguare distribuion for the F-testinoa later
chapter




CI" apte 3

P

[
- ié rwm/’”"\
\/ IS GQMF[G‘ af w’w?s
Ly J.'!(? " Asﬁr\?.ﬂ 1 D{rlp fo{/s

Statistics Review

» Astalislic 1 a fustction ol u sample of data

* An gxtfmator s o stalistic . ; { l .
« Population parameter — unknown | 4L ¢ 7 ﬁm[ll'\mcf 1—, rm|n‘, =ie L"S“"?
« Estimarar  » USL’L“ o estimate an unknown pnnuhnon paramefer

o= y s ﬂ{gc Fau‘\DL”"'l.

sred random

™,
Since estimators are(fandont, they have 4 #/e! Lon'ed pivena
special name: ¢ o

We will oblain properies of the sampling distribution v see il the
Y

estimator iz “good” or not,

. Evl‘a”i ah
3.1 Rundom Sampling rom the Population E vnkncnn vy h

» Typically, we want to know something ahout & popidation

« The populalion is considered (o be very litge (ifiuie), and
conraing some unknown “trnth’™

* We likely won't ohserve the whaele population, but a sampde from
Lhe pop.

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

Example: suppose we want to know the mean height ot'a
222K U of M student

Let w=height of 2 e student

« Population: all sise students

» Populution parameter of interest: )
We can’t atford to nbsarve the whale pop,
we'll have to collect a swmpde, ».

?u Ullmilﬁ‘ﬂ

corey 'm";“l

We want the sample to retlect the population.

. . : »
Cuiestion: [low should the sample be selected fromthe papulation? |

[ particular we wanl the sample (o be 3i.d. 7 - ) )

» Identically = all p drows e coffec: Pey

« Independently ~ Mo tgmo(Lm/hu\k H‘w Pﬁark’ (un IDW‘\’&'H:G /
* Distributed Jeums /
e



o
- &M\{i uf\j R’L“A Qrgﬁ mmdsm },
S0, the sampleavis randeam?!
& Could have gotten a dillerem

* Parallel universe

= d varis =0T Ir"

5
sk‘q_‘hl'
Hova could . be violated in the | whh example? yamne
e in
Fxample: mean income of Hnw cortld i be vinlated?
s Lsing phene
Lnnet pusrpmé
Herwe should we estimale the meandweighi? hus.dne
) 75 e eshivnd
e vt My, Use _¥ - e esheate Ay,
3.2 Dstimators and Sampling Distributions
An estiinator uses the sample ¥ W “guess” something about the pop,
Wi caallert, cunr s {1 |, BER ¥ 18800, 1687
1522, 1717, 1621, 1634, 186 n
172 0‘ e .,.L|m|J:‘ w st Lhs
&
3.2.1 Sample mean
A popular choice for estimaring a population mean is by vsing a
sethpe mean (00 sample gveroge oF just average)
_Ja @ N e .
i ‘lf W 0 ff‘\‘\:\;s (3.1)
\ ) YT P
Snnr‘q
* Lrom heights example: F = 1741, p,, = 1768 V"'" “““’ hde (r‘

» There are many ways 1 cstimate g, Exumples? M.J(;/mdmn\ /gpm..,\lf -
* Why is (3.1) a0 popular?

F hqrm
* How good is y at estimating g, in gencral? wm:;';f
« Lo answer these questions: idea ol a sampling distribngon Vhtaly ) em
———
2
7

elememt of y was arlected
a dliffevent. anmphe

SIS T L |

e papnlation (ladle 31, s |h|
+ Randomly sample rom he population — gel g
o is random
o Use h:r calculate ¥
o F is random
)cnuld have gotten a different sample —» could have gatten a

differant




) Sampling distribulion ol the sample mean

« F is random vanable (iUs an estimator, all eslimators are random)

« random variables usually have probabilicy functions

* ¥ has {prnh:ibi]ity funetion tor an
estimator)

& sanyling disivibudion — imagine all pessible values for ¥ that you
could zet— plot a histogram

+ Using a computer, T drew 1 mil, differenc random samples of 20
from fable 3.1, Calculate ¥ each time. Plat histogram:

Fimmre 3.1: Hiscogram for

160000

200
1

0020

=

3 e 180 182

samps mean

1

ﬂothm‘
o~
Which probability function is right for 32?7 Why?
_—
* Look at figure 3.1
* Notice the summation oparator in equation 3.1
o Answer:_Nevwmal Reuson:_CLT

¥ is random. We'll derive ils:

Use these o delermine 710 u *good™ estimator g theee statistical
properties: -

« Lfliciency
» Consistency

T . it w mag, €l

A T
2 '

3.2.3 Nias
; . . . Tangan .
An estimator is unbiased if its expectad walue is equal to the
population parameter it's estimating.
Thut is, ¥ ix unbigsed i E|F] =
5 «

Tlnhiased if it gives “the right answer on average”.

Biaged Ll pives the wiong answer on average,

i Reles o fhe wirin
YEw 2y VB[ =PI
i R (ELe+v] = ECIELY)




1 — X 25 of he wacin
Elj=E ‘;Zye Y=Ww ey e
i1 . . QEr] = EUIELY]
y £ - i ki ‘
=k Z._ﬁ] [ = —:‘E[EY:] = LELeyessya]
L=l
le
il :;{E[‘fl" E[\Jr.]t.._ + E[V"—ﬁ] _S"ME
—?—‘F, (R R | 1.2y ( 2 el
‘-;{M,l_ﬂﬁ_._* M,S!inu,:ﬁ{ exhienl
L : 2 n
= (Bl + ]+ = Fw])
L B
=i Uy iy -y
?‘J’Ay
o iy
13
Reles o var T2 vaiables
f var (e¥) = ¢ Uar('() are wdepew deat
Vor (\_J) = o (i fy.) Var(Xe YY) = var () - var (Y) dhenl @ cov
i —
3.2 4 EfMiciency % (‘EY-' ) ::,‘ W’(?‘-’T"---Y“) + deow f.k',‘()
An estimator is etficient i€t has the smallest varianee among all other n*
pulential estimators { for us., polential = linear, unbiased) = __[_l ?Wf (Y‘) =Tar ("f‘\" TR (.P‘ﬁ B J
. 9 " Ly MJF’?MJM‘!
Need fo get the variance of %, | 2 * 4 Lg m’f Lot e
:@ Gr oo sumeI_"
B D_
"

14
e
Voo lyl  Vue ‘—I z y;‘
J.
i \? W
(3 N 2 ﬂ'( . |
] = Lvarhn g+t
o S e R el (a3
2 : (Vi Jyn] + Var [ga] + - -+ Var [}
e al)
g
= o fLul U\‘ [
o super M7 7 ~]N1 g W
: o
= Giuuss-Markov thcoren pr i Lhis s nunimnum varanes
o We'll also nesd this to pM\mmg
15
Lt v I serJ
I &
: ‘;"l_ \\\j[)d ) f‘ [\Ilr} /6{), o i IL
WQ{\\Q s — e Dicient
\ @‘\ \fﬁnf[\lr] 1 = (wmain. o/
v\
3.2.5 Consislency 3 consiS Lm{_
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Hypy #7173
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3.3.4 Teststatistics & $odest shed

& Jusl w more convenient way ol getling the p-value lor the west

* Lach hypothesis rest would present us with a new normal curve
that we would have to draw, and caleulate a new area (see fig. 3.2)

» Instead: standardize

o This gives us eae cueve for all fexting proflems (the slandard
normal curve)

» Caleulate a bunch of arcas under the curve, and tabulate them

* Mot un issuc with moden compulers, but this is s610 the way we do
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* Do a = test for our heights example.
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3.4.1 Estimating Cl')z

* A “natural™ estimg
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