T T T e

Dopwation

probapili tatistical inference

Variance! (varies means changes); in particular, variance is the squared distance (deviation)
between each variable to the mean
- Dependent Variable -y
- Mean = Average
- intuition: a very high variance means the y changes a lot!!
- what would a very low variance mean? Ans: It doesn't change a lot!!



Say we have a set of data consisting of y;, {7, 10, 20, 3} ﬁ-— | O \

D i1 @i i=ay+ - +ay In this set of data, y = 1 -
4 - and for y;,y1 = 7,002 = 10,44 = 20,y4 = 3
D i q,a;=aj1+az+az+as o Yi Y1 = 2 Y4 B

d the varian rst find the distance! dt 3
We call ) | a sum! or we call it 'sigma’ distapce we o ean the ‘deviation: 5 [
y = mean ( — ) — E_%) ) x=de ’
. — dependent variable y2 = Y)1)= 0)° =9 := fewiation,
4 : > (73— ) 100 = deviation? 5

L 8 I~
;(Z?:l(yz = Q)z) = Variance of y = Var(y) = S2 (ya — y) — (—7)2 49 := deviation;

T |

When we add everythin I, we get
Ez-l(yz y)2 H—iﬁ%= 158
Since n =4, ﬁ = .
WHY would we square the whole thing!!?? = (7
Lets do an experiment and we shall see! So" Variance of y = = E,_l (y; — §)*> = 1568/3 = 52.6 1N —
Say wie Have the saime set of data conglsting of 3, {7, 10,20, 3} i teh i R S
Now we know that y = 10.
(y1 — y) = deviation, =7 — 10 = f?)
(y2 — y) = deviationy = 10 — 10 5{ 0
(y3 — ) = deviationsz = 20 — 10 5 10
(y4 — y) = deviationy = 3 — 10 = -7

Consider adding them together, weget —3 + 0 + 10 + (—7) = 0.

This is exactly why we square the deviation!!! Because for any data set,
the sum of all deviation always equal to zero; thus it tells us NOTHING!
IT does not provide us with information about the magnitude of changes on the variables!



Expected value E(x)= > " ; z; - p(z;)

= X1 'P(il?l) e 78 /932) T Tp—1 - R
where ; 1s ou@nd p(x;) := probabili
Example!! =

Rolling a dice. Outcome setis {1, 2, 3,4, 5, 6} := z;;

We can infer that, suppose the dice fair, the probability set is {1/6, 1/6, 1/6, 1/6, 1/6, 1/6}
Note that here order matters f set!! 8

And so we can conclude that the expected value for rolling a dicd.is:—
1-1/6+2-1/6+3-1/6+4-1/6+5-1/6+6-1/6="7/2 = 3.5.
We call this 7.5 the expected value

Question: (1) What is the relationship between Variance and Standard Deviation?
(2) -- Challenge question -- Why would we square the 'Deviation, and consider variance?

Answer: (1) The Standard Deviation is the square rgot of the Variance!

Answer: (2) Because no matter what data we clioose,
the sum of all the Deviation will always ero, no ex€eptions!

That would not help us with information on any chdnges with the variables in the t\a/

On the other hand, if we square the Deviation, t the outcome would rarely be zero;

only when all the values in the data are the sarhie. But mostly, the results would be positive numbers and not zero.
Therefore you can get the variance easily without struggling!

Comment: This 1s absoluetly correct!!! 10/10!



Yes!!l In particular, for sample

To Answer (1): Population

:This is m“;%" Note thgn ( 5)2 % We can make claims regarding
variance := 5° = —Lf_ i=1\®i — : —_— the population!! Given formula of S.
e D) : L — A I What we wahna do is to ]

we interpret S as the 'average squared deviation, R . o’ s . ifer furthedabout: u, b, of We call — the bias accountant!!
ie., how it changes. | g\ o It accounts for the bias of sample

_Buﬂ!Notethat,wedenotevananceofapopulauonas

o? =L Y0  (X; — p)? where y is the population mean

NOTE the va.JTdJﬁerencewhenwe
averageout'populahonorsamplevanance
?orthehmebmngwemllshptheproof.

But, the reason we define S? as variance := ——r}:m(ze-!)’
is because MATHEMATICALLY, E(S?) = o2,
Thatls,theexpectadvalueofoursamplevananceformulaglmexacttythe
populanonvanancewhlchmofourmterestofinveshgahon

to make its expected value equals to the
actual, i.e., o° parameter in the population




Gauss-Markov Assumptions (for Classical Linear Model):

1. Linear in parameters:

i = Bo + P1x (simple regression model),

where 3y = y — B17; where 'overline' refers to 'mean’;

and 31 = <;-. Where S, = cov(zy) is the covariance and the S?x is the variance of z.

2. Random Sampling (important) - 1.I.D, i.e., Individually identically distributed random sampling:

we assume that there are n random observations from the linear model we come up with. Following from
this assumption we have

E(Z) = p. This means on average out sample mean is the population mean.

3. No perfect collinarity  If we have a model § = B¢ + B1z + B2z,

- no variable is constant then 7 and z are not exactly linearly correlated and not constant
-no exact linear relationship between two independent variables.

4. Zero Conditional Mean:
E(Hlﬂh, JLEL :wn) =0

5. Homoskedasticity

Var(p|z1,...,21) = 0% where o2

is a constant.

6. Normalityz: u is independent of z and is normally distributed with a mean 0 and variance o
p~N (01 g )



Residule

In statistics, a residual is
the difference between an observed value and the value predicted by a regression model, i.e.,

U=y

Residule
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Then, for green inde;
whereas for blue dot:

The importance here is that we can then so form reasonable expectation from out line of best-fit
as the variance of the population mean, given variables z; does not increase nor decrease.



m

In a Linear Regression Model, we attempt to explain a dependent variable, y, using z, the independent variable.

Say we have k variables, then: _
y=Bo+ Prx1 +...Brxk Say we want to explain age:

What this means is that y dependson z{, x5, . .., ;. Say for example, A .
age = PBitime
In fact this a causation (100% certainty) here
Say stock:

Stock = By + B1 (political — situation) + B3 (opinions)
+B3(macroeconomic — factor)+,...,+Br(company’s — financial — report)
Also interest rate, inflation rate ...

And so here we have a good explanation. BUT!! we would simplify thg model! \ |



Remarks. Think about it is it 'stronger’ to explain
an event by 100 things or 3 things?

M:

In the case for stock 100 things is pretty strong but what about the overlaping
explanations, that wouldn't be concise. Amount in this sense does not matter.
What matters is the 'degree’ to which the event is explained.

Comment: by assumption, we do not have perfect collineararity but overlapping explanations might exist.

Recall we have a parameter called R : S5F j e, the explanation for the variation around the mean

SST
over the total variation.
Typically with higher R? we will be able to conclude 'greater degree’ of explanation.
In particular, we can conduct two tests to test out model : (1) F test - for overall sigfinicance; (2) T-test - for individual parameters

* With these we can then define R?,. := 1 — SSSR ;}%:k) which will be higher whenever we drop insignificant explanatory variable.
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