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Course Description

The principal objective of this course is to provide a basic Evaluation

introduction to econometric theory and its application. Assignments: 15%
Much of the emphasis of the course is on the linear Midterm 1 (Feb. 3): 20%
multiple regression model, under standard assumptions. Midterm 2 (Mar. 10): 20%

The course begins with a review of probability and
statistics, and ordinarylleast squares (OE))

Final Exam: 45%

Assighments

Required Textbook You will use RStudio and work with data in order to

Godwin, R. T., Introduction to Econometrics complete your assignments.

Midterm and final examination

Recommended Textbook These will be closed book/closed notes. The final
Introduction to Econometrics, 3rd Edition Update, by examination will cover all of the material presented in
Stock and Watson. the course.
Grading scale Ignorance is not a defense. Familiarize yourself with
: R 2
i 93— 100 section 2.5 of Academic Misconduct Procedures.
A 87-93
B+ 80-87 . .
B 77 -80 | own the copyright to all course content. Sharing
C+ 64—72 my content (e.g. on Course Hero) is illegal!
c 57— 64 Alf course material is copyrighted by Ryan Godwin, 20285
D 50-57 No audio or video recording of this material, lectures, or
F 0-50 o -
presentations is allowed in any format, openly or
surreptitiously, in whole or in part without permission of
¢ A missed assessment will result in make-up work, Ryan Godwin. Course materials are for the participant’s
or reweighting of your grade. private study and research, and must not be shared.
e Mar. 19 is the last day for Voluntary Withdrawal Violation of these and other Academic Integrity

from courses. principles, will lead to serious disciplinary action.



e Mar. 19 is the last day for Voluntary Withdrawal Vielation of these and other Academic Integrity
from courses. principles, will fead to serious disciplinary action.

Academic Integrity

s All assignments and exams must be completed
independently.

* Do not engage in “contract” cheating.

* Do not provide your UM Learn Iggi_rl_lnformation to
anyone else. This is “personaticn”, a serious form
of academic misconduct.

Tentative Course Tapics Student Accessibility Services
¢ Review of Probability Students with disabilities should contact Student
e Review of Statistics Accessibility Services to facilitate the implementation of
e Linear Regression with One Regressor accommodations, and meet with me to discuss the
.m accommodations recommended by Student Accessibility
e Linear Regression with Multiple Regressors Services.

» Hypothesis Tests in Multiple Regression
* Nonlinear Regression Functions

. InstrumentalVariablese—\D-‘! ) Academic Supports
|

¢ Heteroskedasticity



Sample Lecture

What is Econometrics?

e Econometrics is @f statistics
e

: ) ; , T * st
¢ Science of testing economic theories f\ Jr et
¢ Used to estimate causal effects < /> coW Py L ¢
e Used to forecast or predict (not covered in this course) S‘L Jr >

e Often characterlzed by “observational data”

Causal Effects
Economic models often suggest that one variable causes another. This often has policy

implications. The economic models, however, do not provide guantitative magnitudes
of the causal effects.

foX

For example: 7 —
¢ How would a @the price of alcohol or cigarettes effect the quantity

consumed?

!

(\\\c’b If an add|t|0nalffreplace is.added to a house, I}((E\ijuch will the price of the house
increase? nov5€S W JeAC S5 w +
o Howr year of education change earnings? -[Lf""j o

Using data to estimate causal effects

An experiment would be best.

¢ What is the advantage of experiments? (o \f\&!‘r v



the previélsstidé)? *~ - t il
lyols B

e What is the advantage of experiments? (oW

(UV\CUW‘JM?

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:

e Omitted variables
e Simultaneous causality

g E?I’I’EIEEIOH vs. causatio




Civil engineering PhDs awarded, and per-capita consumption of cheese, from
2000-2009 in the U.S. (Spurious correlations, Tyler Vigen)

What is wrong with the abox(e picture?

SWV\A A ex15



Objectives of this course

e Learn a method for estimating causal effects (least squares, “LS")
e Understand some theoretical properties of LS
\W - -
e Learn about hypothesis testing
-I/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”




< c

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

e 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 2:
Install RStudio Desktop

DOWNLOAD RSTUDIO DESKTOP FOR WINDOWS

Size: 202.76MB | SHA-256: FD8EA4B4 | Version: 2022.12.0+353 |
Released: 2022-12-15

e 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

shdes?

Probability Review — 2.1 Fundamental Stuff

2.1.1 Randomness

¢ Unpredictability
e Qutcomes we can’t predict are random
* Represents an inability to predict &
« Example: rolling two dice i!\r ’2; |
: < )
Sample Space 1 6\;@ ¢ S

» Sct of all outcomes of interest

e Dice example \_/-'

Event

¢ Subset ol outcomes
¢ Example: rolling higher than a 10

2.1.2 Probability

e Between O and 1 {or a pereentage)

¢ “The probability ol an event is the proportion of times il occurs in
the long run”

» Probability of rolling 7, 12, or higher than 10?



2.2 Random Variables |

e Translates random outcomes into numerical values
& Dic roll has numerical meaning
¢ RVs are human-made

e Example: temperature in"Celsius, Fahrenheit, Kelvin e
e RVs can be Mo(contmummb—(/ B

e A continuous RV always has an infinitc number of possibilitics
» Probability of temp. being -20 tomorrow? = O
- e i . i I
» Random variable vs. the realization of a random variable S

2.3 Probability function

Probability function = probability distribution = probability
distribution function (PDF) = probabilily mass function (PMF) =
probability function
¢ Usually an cquation
» Probability function: (i) lists all possible numerical values the RV
can lake; (i1) assigns a probabilily (o cach value.
* Prob. function contains all possible knowledge we can have about
an RV L
¢ 2.3.1 Example: die roll

; 1 ;
=) fg=1,.,6) (2.2)

v av e (¢ Simudkfd Grc"nh‘a‘lfw)

neain
quqme"[ﬂs (u n o{’noum Mbmér’ri

& /)[231 ’

probat ity
05
L

o4
L

Jipppes



0.0

JIIr

3 4
die roll

2.3.3 Probabilities of events

Probability function can be used to calculate the probability of events
occurring.

Ezample. Let Y be the result of a die roll. What is the probability of
rolling higher than 37

Pr(Y >3)=Pr(Y =4) + Pr(Y =5) + Pr(Y =6) = é +

b =

L1
-

| =

2.3.4 Cumulative distribution function (CDF)

¢ CDF is related to the probability function

o It’s the prob. that the RV is less than or equal to a particular value
e In a picture:

Figure 2.2: Cumulative density function for the result of a die roll

0.8

probability
0.6

0.4

=
I

die roll



2.4 Moments of a random variable

» “Moment™ refers to a concept in physies

s 1* moment is the mean

¢ 2% (central) moment is the variance

¢ 3% is skewness

e 4™ is kurtosis

» Covariance and correlation is a mixed moment

Moments summarize information about,the RY. Moments are
abtained from the *DwLo\‘vc l]Jnf tﬂf‘f en
, T

2.4.1 Mean (expected value)

e Average through repeated realizations of the RV

¢ Delermined lrom the probability [unciion {do some math to it}

» Mean is summarized info that is already contained m the prob.
- % D——

e Lel Ybe the RV

* Mean of ¥ = expected value of Y= py = £[ Y]

e 1T Y is discrete:

The mean is the weighted average of all possible outcomes,
where the weights are the probabilities of each outcome.



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

iy
LY ): p;Y; (2.5)
i=1

where p; i the probability ol Ule i event, ¥ is the value of the i outeome,
and K is the total nmumber of outcomes (K can be infinite). Study this

cquation. Tt is a good way of understanding what the mean is.
Exercise: calculate the mean die roll. EL{} = 73 5
What are the properties of the mean?

LF_ F’{ 9~F ef L(’ S

10

The equation for the mean of v (y is continuous):

Lot gy be a random variable, The mean ol y is
Elyl = / yfy) dy

It  is normally distributed. then f(y) is equation (2.3}, and the mean of
y turns out to by p. You do not need to integrate for this conrse. but von
should have some idea abool how the mean ol o continnons random variable
ig determined from its probability funetion.

@.. different trom the m;;#rrn and the rMe, although all are

measures of central tendency.

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

11
" = [ v
2.4.3 Variance ECY)
7
¢ Measure ol the spread or dispersion ol a RV /
* Denoted by . The variance of y would be oy zyﬁthe variance of
X would be gf P
* Variance is the expected squared difference’of a variable from its
mean /’/
. 4
* Equarion:

F (- = vee (0

Let YV be fhe resuld of o die roll.

[V} = § (@yefay =)

-Eis

Rofﬂln'es ol fxfﬂrlmi' Vs lve

ELD= cE() = Led 2=2¢ [[z2)=E(2Y)

Elc+¥y= c+ ELY\ 2 Ld W=14Y
Bt e HELO e

E[c)=c¢ ante

n d:e

Elx+y) = E[x3 + E[Y) = 7

Jo P8 4



2.4.3 Variance

» Measure of the spread or dispersion of a RV
e Denoted by a2, The variance of y would be 0’5 and the variance of
X would be o
¢ Variance is the expected squared difference of a variable from its
mean
e Equation:
Var(Y) =E[(Y — E}} \ (2.6)

When Y is a discrete random variable, then equation {2.6) becomes

E (f) = 2 P Yi
iy
Var(V) = > p: x (FEEGIE (2.7)

e For variance (the 2%/ mdmReTil), we are laking the (ﬁwn ofa

squarcd term
e For skewness (the 3™ H}M we would take the expectation of a

cubed term, cte.

Exercise: calculate the variance of a die roll

vr(¥) =% (1-35)"+ § (23504, + 2 (6-3.67 2292

What are the properties of the variance?
LF ( P l-;omfu{)

Exercise: I change the sides of the die to equal 2,4,6,8,10,12. What is
the mean and variance of the dic roll?

var = 2% var ("”
Excreise: What 1s the mean and variance of the sum of two dice? |

14



2.4.5 Covariance

¢ Measures the relationship between two random variables

e Random variables ¥ and X have a joint probability function

¢ Joint prob. [unc.: {i) lists all possible combos ol ¥ and X; (ii) assign
a probability to each/combination

e A uscful summary of 4 joint probability function is the covariance

e The covariance between ¥ and X 1s the expected difference of ¥
from its mean, multiplied by the expected difference of X from its
mean

¢ Covariance tells us something about how two variables are related,
or how they move fogether

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

15

Ceu (Y,W:f[f‘c“ow)(\g-b\(ﬂ = E [(V’Mg)z‘]

Cov(Y, X) = E[(¥ =) (X — px)] (2.8)
—_
The covariance between Y and X is often denoted as @y, Note the following
properties of oy
e Jyy is a measure of the linear relationship between 1 and X, Non-
linear relationships will be diseussed latber.

o gyy = means that ¥ oand X are linearly independent.
o —rn

« It ¥ and X are independent {neither variable causes the other), then
ayy — 0. Lhe converse 15 ot necessarily tie (becanse of non-linear
_.—-_____—————__‘---._____&

relationships]. )
|hc‘f(t’ﬁw|m e 2 O covfour

o The Covid. Y is the Var(Y )

o A positive covariance means that the two variables wend wo diller [rom
their mean in the same dircetion.
« A negative covariance means that the two variables tend to differ from

their mean in the eppesite dircction.

16



2.4.6 Correlation

"
_ rhe
» Correlation usually denoted by p
& Similar to covariance, but is casier to interpret
Cov(¥, X' Tyx
pYx = 0 = J == —= (2.9)
7Var(Y) Var( oy ox

The difficulty in interpreting the value of covariance is because —oo <
oyy < oo. Correlation transforms covariance so that it is bound between -1
and 1. That is, =1 < pyx </L.

o pyy = 1 means perfect positive linear association between Y and X.

« pyy = =1 means perfect negative linear association between Y and
X
+ pyx = 0 means no linear association between Y and X (linear inde-

pendence).

17

2.4.7 Conditional distribution

» Joint distribution — 2 RVs

e Conditional distribution — fix (condition on) one of those RVs

* Conditionexpectation — the mean of one RV after the other RV has
been “fixed”

Let ¥ be o diserete random variable, Then, the conditional mean of ¥
given some value for X is

K
BEFIG) -3 (X — )Y (2.10)
2 A

e |f the two RVs arc independent, the conditional distribution is the

same as the n%ﬂ distribution



Example: Blizzard and cancelled midterm

Suppose that you have a midterm tomorrow, but there is a possibility
of a blizzard. You are wondering if the midterm might be cancelled.

able 2.1: Joint distribution for snow and a canceled midterm
Midterm (¥ 1)  No Midterm (¥ ()

2 il PSPPI N Fore e o = o

» What is E[¥]? What is

& What is the covariane een X and Y7
e ———— . ——
More exercises In the “Review Qucsmms)

e I

19

2.5 Some special probability functions

2.5.1 The normal distribution

¢ Common because of the “central limit theorem™ {in a few slides)

e Variance of v is ¢



2.5.2 The standard normal distribution

e Special case ol a normal distribulion, where g£= 0 and 2 =1
» Equation 2.3 becomes:

* Any normal random variable can be “standardized” 1 ] clNDJL-“‘

o How o standardize? s blcact mean divide by shandas

s Standardizing has long been used in hypothesis testing (as we shall
see)

Figure 2.3: Prohability funetion for a standard normal variable, py.. 2 in
gray
-
[=] '\.
.’:I
7 |
3
] Y
/ Y
B oo : i)
LS L= A\
ki ,
b
P d ",
.'/'
o e
= | A
= T T T
-3 -2 -1 o 1 2 k]
¥
22

2.5.3 The central limit theorem

e There arc hundreds of different probability functions

e Examples: Poisson, Binomial, Generalized Parcto, Nakagami,
Uniform -
¢ S0 why is the normal distribution so important? Why arc 50 many
s Answer: CLT
— )
e CLT (loosely speaking)
sum tends to be normal

il we add up enough RVs/the resulting

Exercise: draw the probability function for one die roll, then for the
. _J_________—ﬁ-'



Exercise: draw the probability tfunction for one die roll, then for the
draw th Al LA LS R

sum of two dice..

Figure 2.1: Probability function for the result of a die roll

probability

0.4

o
=

0.8

0.6

0.2

0.0

die roll

1 2 3 4 5 6

Figure 2.4: Probability function for the sum of two dice

probability

0.2

.
o

0.4

0.3

0.1

0.0

6 7 8 9

dice roll

il
2 3 4

5

10 11 12

23
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Fignre 2.5:

prabakility / density
000 002 004 006 008 010 012 014

Figure 2.6:

probability

Probahility function for three dice, and normal distribution

M thr
rorml desbibulion

I
3 4 5 6 7T 8 9 10 11 12 13 14 15 16 17 &

dice roll / random normal variakle

Probability function for eight dice, and normal distribution

Loe]
D__
(=1
T
w \.
S { ‘L
o
] il
3 J.l \‘
(=]
I} b
o i
o 4
(=1
8.l _-—-n‘ﬁﬂﬂﬂﬂ HURREAE Lu HI]DUD-.:.._
S 8 12 16 20 24 28 32 36 40 44 48
dice roll

26



2.5.4 The chi-square distribution

¢ Add lo a normal RV — siill normal
» Multiply a normal RV — still normal
¢ Square a normal RV — now it is chi-square distributed

¢ We will use the chi-square distribution for the F-test in a later

chapter

28



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

- Sengls

[Picture|

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

i ol eiglis [ i Dl valile)

1739
IHiL2
19

1513
2 1822
180.9 i 0 1751
177 1 1912

9 1714

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

Srm?‘g mem/g m.\rlg aleroge /aum!je
n

o B |

/="

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:

kS
Fimare %.1: Histogram for | million j=
2 o
i Yy
|l \
I 7% .7
o i
A
172 74 7 178 180 182
sampiz mean
0
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.

ECyl=E[x2y)

r

Rl e
1}

-r-'!'l.'_iKﬂ"_].“f

—

[<¥}=cELY)

DA-ECYY

= SE[2y) = wELERBE-# 1)

N

- -\!_-.. {,{i.‘ + )?“ L

= 1l nly =
d_mnl )ifL\;

=l gF_E.I;. AT LR E[t{.“js

+ /{2\35

"»a:owl

& v

G deabal”



1 ]
- ;U pﬂ i
=1 |
Lo
= Elm al o
n o)
L — . :
= Eln] ]+ = Ty ])
1 )
=g oyt i)
iy
oy

vl /s "-?-4
S iy 5 T

A

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

2]

() var (c XY= ¢*var ()

- | DY war (X Y) 2 ver (¥ + var () ¢ 2“““{,'{)
var(7) = var (B5y NG e 2w L ol
56 mrl*?""d!"‘*

") @ ‘S‘Zm

__H_Vu\f(i ) :I‘VG((\J( Lyak b Y >|
= o g a\\‘{\i]’r ua{(|\+ 4 Vnt _,\}’]3

1

n

=) @ qpe. 2 6% Fadepended
P Q‘.‘, 4 GT ¥ e .nJercw o
n? %
= | one B O
= =
Y rak

P —
—Varlu + w2 + ] @8 e
= L Var ] o Vi ] e+ Ve o) any OL [or
4 /esLm‘“"
w
(4)
{
£ 1 ) e_;hwrl“)

= 1 13 u:.bfmﬁ
-, BLVE (beg linear
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3.3.4 Test stalistics
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