STAT 1120: Notes on Topic 1

Introduction fo Examining Dhetnbutions:
» A vanable records characteristics of caszes (i g,
objects of mterast) m 1ts valoes.
* (Claszify 2 vanable by 1ts poszible valoes:
o Categorical: records group labels; numenc
labels mean nothing, except poszible ordar.
o Quantitahive: records meanminsful mombers;
mazy be discrefe or contimicus
* A time senes 1z a record of values across time.
* A vanable’s distmbution descnibes the coumts or
relatrve proporhons of 1= values.
o ERPIESRNSESNRS o ks to describe
distnbutions and relabonships mn data.
Dhsplaying a distnbution wath :
* Bar graphs and pie charts describe the
distnbution of a categoneal vanable.
o Bar graphs emphasize counts; pie charfs,
proporiions.
o A Pareto chart 15 a bar graph wath categories
orderad by decreasine frequency.
* Histosrams are essenbially bar graphs of a
quantitative vanable.
o Bar-wadths are not absclate; uze equal bar-
widths and “eyeball” for best picture.
o Look for overall pattern, shape cenfer, spread,
devnations m shape, and “outher” desnations.
o A symmetric distnbotion 15 such that it=
histoeram murrors itzelf about 1ts center,
o A neght- or left-skewed distnbuhion shows a
lone tail to the nght or left m 1ts lnstogram.
* Stemplots are back-of-the-emvalope histozrams
drawn with the digits of quanhtative valoes
o “Stem” dizits define bars; “leaf” digits display
counts and sub-counts.
o Custormize by rounding digife and splitting
stems.
* Time plots graph time zenes values by tme.
o Emphasize patterns of change over tme, such
2z trends and zsasonal vanations.
Dauihmz distributions with -
* Denote by x,, ..., X, the values of n observations.
» p" percentile is 2 number such that p percent of
vahoes fall on or below.
* Describe a distnbuhon with nomencal summanes
of shape center, and spread.
* A summary i1s resistant if if 1= insensitive to
chanse: m skevmess or extrame values.
* Mleazure of center: mean, ¥
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o X = =7, x;, the anthmetic averaze.
T
o X 13 not resistant

* Neazurs of center: madian, M
o M is the 50" percentile.
o Caleulate as the maddle value or averags of
two muddle valoes.
o M 15 resistant.
* MNleazurs of zpread: exfreme valuss
o Smallest and largest values
o Extrame values are not resistant.
¢ MNleazure of spread: quartiles, @, and g,
o @, is the 25" percentile; Q, i= the 73"
percantle
o Calculate @, and Q. a= medians of values
falling to the left or nght of (but not on) M.
o @, and Q, are resistant.
* Neasure of spread: standard devaation, =
o 5 =52, whers 57 =_J—11£|:::-—i']2._a
rescaled average of squared-devnations from ¥.
o £° 15 the vanance; 1 — 1 15 “degrees of
freedom;” square-roct to match wuts with x;.
o Calkeulate by computer.
O £ 1= not rasistant.
* MNeazure of shape: mean-median compansons:
o © & M if the distnbubon 15 symmetne; M < ¥
if nght-skawed; ¥ <. M 1f left-skewad
* [Jeaful descniphons of a distnbution:
o Sumrmanze cenfter and spread. e g, as X and =
(for svmmetnic, cuther-free distnbuhons).
o Dhsplay ¥ and = graphucally as “error bars.™
o Frre-mumber summary: smallest extrame. 3, .
M, @5, largest extrames.
o Dhsplay the five-number summary sraphcally
as a box plot
MNormal distnbutions:
* A density curve 13 an idealization for descnbing
pattarns seen m histogrames.
o Denote by x a vanable representme an
idazlizad cbservation
o “Area under the curve” 1 a range represants
the proportion of observations m that range.
o Total “area imder the curve™ 15 cna.
o The median 1z the point that divides “area
under the curve™ equally to the left and nght.
o Denote by i and o ideahzations of ¥ and =
formulated on a den=ity curve.
o u 15 the balance point.
* Normal distnbubons are descnibed by the class of
density curves called “Mommal curves.”™
o Svmmetric, single-peakad  and bell-shaped.
o Indexed by i and &, dencted Ny, 7).
o u + o mark a Normal cure’s inflechion pomts.




o 68-95-99.7 rule: For observations havme a
Mormal distnbotion: 63% fall wathm g 4+ o
93% fall withm u + 24 and 99. 7% fall withm
[+ 3a.

o The standard normal distmbuton 1= A(0,1)

* Suppose x has a dismbubion with mean g and
standard deviation o. The z-score, or
standardized value, of x 12 2 = (x — u) /o,

o Measures “location from u mnunits of .7

o If x 18 N(u, o) then = 138 N{0,1).

o To calculate an “area under the curva™ for
N{u, o) tfranzlate to a z-scors and usze N0, 1).

* Calculations mrvohing N, o) mught be forward
(What proporfion p has x < ¢7) or backward (For
what ¢ 1= the proportion of x < ¢ equal to p7)

* A Nommal quantle plot 13 a graph of percentilas
of x,, v, X, plotted azainst those of N{0,1).

o Plots on a straight line indicate a Mormal
distnbution.

o Caleulate by computer.

Introduction to Exammming Belationships -

* Approach: plot data, calculats summanes; lock
for patterns and deviations; consider 1dealizations

* An explanatory (or mdependent) vanabls
explains vanability in the response {or
dependent) vanzble.

» Scatterplots: graph fwo quantitative varnables
o Look for overall pattern; general deiations,

“outher” deviahons.

o acafterplofs are sometimes “smoothed™ usme

alsonthme that fit curves to the data.

o A transformation (5.2, the log fransformation)
15 sometimes appliad fo skewed data.

o A seatterplot be extended by addme
catezonical vanables, color- or symbol-codead.

¢ Thea gverall pattern of a relationshap:

o The form of a relahonslp may nrrolve hinear
pattemns, closters, or lack of any pattem.

o The direchon may be poathive or negative.

o A stronger relationship 1= observad as pomts
falling more clozalr to a clear from.

Corralation:
* Measure of drechon and strensth: correlation.

o r=—F {"_-]- [:::r‘_:f} the rescaled average

=1 T 3y
of the product of standardized deviabons from
Fand 7.

o Cakeulats by computer.

o Interprets only linear relabionships.

o Response and explanatory vanables are
mterchanseable

o Unitless, and independant of vanables’ mmits.

o ¥ > 0 mdicates a posthive relationship, » << 0 a
nezatve relationship.

o —1<r<1 almays.

o Stromzer relationshaps are mdicated by values
farther from 0; r = +1 1= a perfect ralationship
with pomts on a straight hine.

o = 15 nof resistant.

* Report r together wath &, =, 7. =, to summanze
two-vranable data.




STAT 1120: Notes on Topic 2

Leaazst-zguarss regression

* A regrezzion line describes a one-way lmear
relationship between vanables.

o An explanatory vanable, x, “explains™
varabiity m a response vaniabls, y.

o Often one wants to predict y from a given x.
Such a prediction 1z denoted .

* The least-squares regrez=zion line mazkes the sum
of squared-pradiction errors as small as poszible.
o A predichon error 1= the verhical distance

betwean a grven point and a regression line.

o The formula for the least-squares regression
Ine 1= ¥ = b, + b, x, wath “slope™ b, =1-":—Jr
and “mtercept” b, = ¥ — b, ¥. Predichons are
made by plugzing m values of x.

o alope, by, 15 the amownt of change m ¥ when x
meraases by one umt. Intercept. b, 15 the
predichon at x = 0.

o Caleulate b, and b, by computer.

* Properties of the least-squares regreszion line:
o Interchanzine x and y modifies the

o The lme ¥ = b, + b, x always passes through
the pomt (X, ¥).

o The slope formula b, :r?intﬂ'pleﬂ.ﬂm

relationship m umts of =, and =, through .

o smmlarly, »* measures the proporhion of
variability 1 y that 1= explamed by x.

# The residuals descnibe the laftover vanation m y
after fithingz the least-squares regrezzion lme.

o Each residual 12 defined by v — ¥,

o The average of the residuals 15 zero.

o Analysis of residuals helps to assess the
smtability of a linear relafionship.

o A remidual plot 15 a scatterplot of residuals
agzmnst the values of x.

o The idaal residual plot should axlabit no
systamatic pattern; patterns mdicatine a
departure from the lmear relationship are:
curvature, trends m spread, cutliers m the
rasiduzls,

o An outher i v commesponds with an outlier m
the residualz. Such iz obzarved 3z an
obzervation that outside of the overall pattern
of the relationship.

# Influential observations are thoss whosa
mdrindual deletion would have a strong impact
on the regraszion hne.

o An infloential obzervation 1= often an outlier n
x., but may not be an outhier m .

Cautions about correlation and resression:

* Bazie cauhons:

o Cormrelation 1= for two-way relationships,
regression for ons-way relationships.

o Ombyr relevvant for linear relationships.

o Meither 15 resistant.

* Fxtrapclation 1z when predichions are made
oufzide the ranze of data.

o Offen untrustwrorthy since the linear
relationship may not hold for x-values far
cutzside thoze obzarved

¢ Correlation calculated on “averaged” data 12
higher than that caleulatad on indraduals.

* The relahonship betwean two variables may be
influencad by a third, “lorkne™ vanable that 15
not obzerved.

o Lurking vanables may mfluence relahionships
batwean any type of vanables, quanhtatrye or
categorical.

¢ Aczpeabion 1= not cavsation.

o An observed associzhon mav reflect the
mfluence of a causal hrkme vanable. Such 1z
called a “nonzanze correlation.”™

o An expenment that controls lnrdang vanables
15 best for establishine cansation.

o It 13 possible to establizh canzation without
performing an experiment that confrols for
hrrkang vanables, ut the evidence that anses
15 waaker,

Eelationships 1 categonical data:

* Relahonships in categorical data are explored by
compilme vanzables m two-way tables.

o A two-way table mvohves a row vanable and a
colommn variabla.

o A two-way table may record counts or
parcentagesz. Percentazes are most usefil
bacause they are sasyv to compare m the form
of distnbutions.

* Relabionships are described through specialized
distnbutions appeannz mn the tzble.

o Bar graphs provide a usaful means of
presenting the ralevant distnbutions.

o The distmbutions of the row and cohmmn
varables appear in the marems of the tabls,
and are called marginal distribubions. Grven as
counts they are called row and colomn totals.

o A conditional distnbation 15 calculated from
the counts of one vanable lmuted to a2 given
category of the other variable.




