NTHU STAT 5230, 2025 Lecture Notes

ég-zg&sémy type Types of variables O values detzrmined before. F**

analysi's (LNp.I-4) Collecting Y data,eq., DOE |
response-explanatory distinction ovuriake @ if random, analysis conditional

(dependent-independent, reSponse[predictor) ‘;Z %%MI& of

» response variables Y': regarded as random. <-assign disbribution .

check 3 explanatory variables Xy, ...y X, ¢ regarded as deterministic.—

2 ' 7T m

LNp.1-¥4
écausal relationship? not necessary.

_—>Recall. continuous vs. discrete r.v.
(uncountable)(pdf) chnbablg)( pmf)
» whether a variable can take any values within an interval

> (if yes = continuous; if no, only countable values = discrete)
2 N Ls finite or infinitely many

heght, » Q: does continuous data really exist in the real world?

9‘,’?‘9"”* No, because of the precision limitation of measuring instrument.

U any continuous data can be regarded as an interval data (Lhp.2-3)

a better distinction approach from the viewpoint of data

analysis: according the number of values a variable m‘m

» continuous-discrete distinction

can take within the range in which most data fall 'T pocee
any pdf is an gpproximation to dense interyal data b ;sm
a ’giccllj: variable takicl‘}gq lots of values (dense) 2E] T
; = continuous; few values = discrete =
e — ;111% ? -
'[:P-'Ihﬁ = QQ: Should Poisson data (infinite possible LE2:8 | 3

noomal  fever

values) be treated as discrete or continuous

from this data analysis viewpoint? —’@

. itative-qualitative distinction—"< e4tzones of a varisble
- ql.l_égltltathe qualitative ‘ihstmctl.on diffor , o a3
AL . . Btk BT | differ [ guankity Recall.L__

» continuous variable must be quantitative guality ey

. . . . . N QS A-» 00
» discrete variable could be quantlt'atwe./qual1tat1ve/betweenJ =
—

Soc0 ®_&o000

. categoricalfaualitative or between) variables can be further

- ot oreven f some order exists btwn [
class1ﬁe.d into: | - in the effack of %[
»nominal variable: no natural ordering between categories

(e.g., religious affiliation, mode of transportation, favorite

type of music,‘. ..) N %%_w_hat— order ? |~

iﬁf rl;s = values that represent categories have no numeric meaning

{1-2.3.--1}°a no value exist between categories

= analysis irrelevant to the order of listing the categories
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ordinal variable: there exist some ordering between categories
(e.g., size of automobile, social class, political philosophy,

atient condition, ... ; 4 car length (latert
P eg. size of car - a) (latent:) <-compact/t\middle/3\large-» continutus vaniable)

unknpwn
(dt__‘_s_g:ie‘t? continupus variable hidden behind | .. . dstarce lage >middle distance, large
ﬁuinkmal l)|= exact distance between ordered categories are unknown

- — discreke interval or contiougus interval o
interval variable: categories are non-overlapping intervals (e.g.,
[cF] functional life length of television set, length of prison term, ...)
s Continuous variable (an interval varipble | Kottt length (years)
- - [0 ] 2 3 5 10
with many and very dense intervals) | % A %X suoun—s

» : . : “O'" must
Rrvarabie] ® can have numerical distances between 2 categories b—% well-
with 2 |might be inaccurate <—I well-

ggtggu;qft'si: = sometimes, possible to compare the ratio of 2 categof—ié%_‘ defined
does n . - . .o
% » Sometimes, it is the way that a variable is measured [Xz has 4

y 1 ' I i on- “resolutann than
ﬁrlm determined its classification, e.g., education: Xo. @ Which (s

Same . . . n i ?
——3—@nominal when measured as public/private school WI v M

Xi == ordinal when measured as none/high school/bachelor/...

X, =n interval variable when measured by # of year intervals
Xi =_f_(Xz) R fngn_—_[ﬂlem_ﬂe > [zfqnnm‘:ion /056 n XI
more ‘informationd——, p. 2-4
» hierarchy of measurement scale: interval variable (highest) >
Xord =

ordinal > nominal (lowest) .- ignore or disrejard some information
£(Xiot), in the higher leve| -———
X(“;‘("F) S)statistical methods for variables of one type can be used
40|, vandb es

for variables at higher level, but not at lower levels

@

» nominal variable = qualitative; interval variable = (close to)
quantitative;  ordinal variable = between (fuzzy)

Resp. | Expl.

» choice of statistical method/model for different C?m-
types of variables — a rough classification: Dise. %g

Quan.

» only response variables, no explanatory variable _ Disc. [ check
Inte.

» 1 response variable = uni-variate analysis ®iny

i1.d Ordi. -.tz'ﬁ
eg. Yi.--. Y & N(u.g2) or B(n.p) or Exp(d) -+ — e
« principal estimate or test the parameters. ' -

component ~|m more than 1 response = multi-variate analysis I
o Factor

analysis | &4 X, Yoo o puttivariate normal (4, X)) [catego-| |9597
" Cortelotion information contnined in the yar-cov matrix—7 | 2% ditutu|
> both response and explanatory variables - regression-type use base,

Functions |,

ale
i
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= response: (1) regarded as random variable; (2) modeling "

depends on the types of variable T assign distribution
(@ssani :
::iszz;u gﬁ’;’:bab‘“: o continuous & normal = linear model (LM)

* binomial o continuous but not normal (including exponential family,
o multinomial

* Poisson such as Weibull, gamma, ...) = generalized linear model
Ej)dlscrete

. ti -
'ff,imﬁ = generalized linear model (GLM)e/— main focus of
- hypergeometric | this course

» explanatory: (1) regarded as deterministic; (2) same treatment
Recall XB (sum of base functions multiplied by their coefficients) for

in LM any types of explanatory variables in modeling

LNp.1-23,2¢ «—@quantitative: base functions like polynomial or other
continuous transformations (e.g., log, exp, sin, cos, ...)

LNp.I-2§~32 =@ qualitative: base function like dummy Variables-r %

Sufficient statistics of categorical responses . 2280

. ' ing for ordinal
* Q: how to convert categorical observations (symbols or notations)

into numerical and computable data without losing any important
information? Q: what important information? %@’F*"‘ towon

p. 2-6

*. Example 1.
» scenario [~ response

= observe Y, ; [ r categories {1, 2 =1, ..., k
predictors M r g {—7“} ¢ J- _m_w_ value

= category j observed with probablhty Py =1, ..., and
Pyt Dot tpy, ﬁt--LNOf:e'__gls_.M‘?_.

= statistical modeling: Y, |, Y, ,, ..., ¥, are independent and
identically distributed from multinomial(1; Px1s - Pxr)-

> sufficient statistics §— Satgorical responses, might not be mmagﬁs_

could be ngm le ordinal,
L or discrete :nt'erval

« the joint pmf of Y, ,, ¥ , ,...,Yxk'ls 'fd%;’%’mﬁ-hke
_N Ng 2 Ng r L "5'-5/I<
= Pg, 1 p:IJQ ' pw?‘ CF. Linearmodel

can be trented | Where N - = number of category j in the &, trials, j=1,

as a. predictor \_ nu ggnca?l dota., _ﬂ'gg_g_
with i levels and k N Ju +N count I rotio,--- are

= by factorlzatlon thm ( 1> -ees N 5 are the sufficient

E,,,Mstatlstlcs for the parameters (P 1> - Py ) and [— important

c rmotion
(:wz.mﬂuence R.is (N&, - )Dmulttnomlal(kx, Px,1> -» Dy 7") '(‘g.m-r dim=7r-I)

» note: two categorles and binomial is a special case of r=2.

B
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