Review of Regression Basics

B When describing a Bivariate Relationship:

B Make a Scatterplot B
B Strength, Direction, Form ;"

B Model: y-hat=a+bx Ejj
B Interpret slope in context e

@ Make Predictions
B Residual = Observed-Predicted |

B Assess the Model “Scaterpiot_%]
B Interpret “r” ]

B Residual Plot E o)
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Reading Minitab
Output

Regression Analysis: Fat gain versus NEA

The regression equation 1s
Fa-tGain - **x*xkxkxk + FExIFxXk (NEA)

Predictor Coef SE Coef T P
Constant 3.5051 -3036 0.0

The 3|°P3 and Interee }The Slope s the eoeficient o
coefﬁcmn’rs nthel Rl the explanaory variable, |
h-000%4415

Regression equations aren't always as easy
to spot as they are on your TI-84. Can you
find the slope and intercept above?

FafGam 35051 000541 5INEA ]




Outliers/Influential Points

Age at First Word and Gesell Score

Does the age of a child’s first word predict
his/her mental ability? Consider the following
data on (age of first word, Gesell Adaptive
Score) for 21 children.
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i
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Does the highlighted point markedly affect the equation of the
LSRL? If so, it is “influential”.

Test by removing the point and finding the new LSRL.



Explanatory vs. Response

B The Distinction Between Explanatory and Response
variables is essential in regression.

@ Switching the distinction results in a different least-
squares regression line.

I
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@ Note: The correlation value, r, does NOT depend on
the distinction between Explanatory and Response.



Correlation

Beer and Blood Alcohol [m.ﬁ 2 The correlation, I,

0.2 -

0.1 ° describes the strength

81 of the straight-line

o1 . relationship between X

ggg o 4 and .

0.C ’ : : & Ex: Thereis a

0.G =42

o ) strong, p03|t|ye, |

e —— LINEAR relationship
012345678091 between # of beers

—BAC = 0.0180Bg213,80.013 and BAC.

Collection 1 Scatter
® There is a weak, y 0t
positive, linear 0 e
relationship between x - : :
and y. However, "1
there is a strong 4 °
nonlinear relationship.
@ r measures the A
strength of linearity... X

=y =Xx149.14



Coefficient of
Determination

@ The coefficient of determination, r?, describes
the percent of variabllity in y that is explained by
the linear regression on Xx.

@ /1% of the variability
In death rates due to
heart disease can be
explained by the
LSRL on alcohol
consumption.

@ That is, alcohol
consumption
provides us with a
fairly good prediction
of death rate due to
heart disease, but
other factors
contribute to this
rate, so our
prediction will be off
somewhat.

. _ r
Wine Consumption and [ Scatter
35

01234567891
Alcolayr
— DeathRate = (-23.0 yrf3a\Izohol



Cautions

@ Correlation and Regression are
NOT RESISTANT to outliers and
Influential Points!

@ Correlations based on “averaged
data” tend to be higher than
correlations based on all raw data.

@ Extrapolating beyond the observed
data can result in predictions that
are unreliable.




Correlation vs.
Causation

@ Consider the following historical data:

Collection 1

i
' ' Collection 1 Scatter
Year . | 200

1 1860 63 837 180)
2| 1865 48 64C 160

140
3 1870 53 70( 120
4 1875 64 84¢ % 100

800
5 1880 72 95¢ 50¢
6 1885 80 106 400

200
7 1890 85 112 .
8| 1895 7p 100 0 2040 608010020406
9 1900 80 105 X

—y = 132%2=B80
10| 1905 83 110
11| 1910 105 138 @ There is an almost perfect linear
12| 1915 140 185 relationship between x and y.
(r=0.999997)

B X = # Methodist Ministers in New England
@ y = # of Barrels of Rum Imported to Boston

@ CORRELATION DOES NOT IMPLY
CAUSATIONI




Summary

Plot your data.
Scatterplot

Interpret what you see:

direction, form, Strength, outhiers

r
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482 CHAPTER 7  Seatarpiobd, Basacinfbn, and Comelatem

y
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'_}J CONNECTIONS

Scatierplots are the bavic bool for examining the relafionshdp between two quantitadive variobles.
Wi start wiith o picture when we want to understand the distrebution of a sitigle variable, and
wie dlwiys make 4 scatterplot to begin to enderitand the relationahip between two quantitative
witinlbdes.

Wi wned 2-scane a8 3 way b meagune the stativbical distance of dots values from thlr means
oo T "wid s the 2-scoes of 5 and v working logether (o bubld the correlation coefficlent. Cor-
relation 38 a surtmary statistie like the mean and standard divintion—only if ssmmariees e
strergth ol o linear rl.-ld1.1.|.lﬂ.-i|1.'|p...-"|.|:ﬂ.‘| wit bsberpret It as we i z-scores, Lising the standdand dev la-
tine s oy Fubers in hoth v amd ¢

WHAT HAVE WE LEARNED?

i rocent chagtors we hearmed how to laben to the sbory tobd by dats fom o siogle variabie, Naw
we v Roned o Aftenlon 1o the mom oomiphcated (ind mone ehisrexiang) sloty we can o i
the ssnciaton between twe guantitalive variatiles

Wir've lnarned o begin our mvestigation by looking 8t & scatierpiol. We're interesled in i
dinnetion of the associatan, the form i iske, and (8 slrengih

Wo've mamed That, although pol every malationship In linear, when the scatierplod i3 sir
anoagh, the carraiahian cosficient s & st numarical sEmmary

« Thesign of the comeiation tefls = the direbon of the sssociation
b » Tha mrsgnitiede of the comalation 1ls us 1ha sérength of 8 lirsar sssccialin. Srong aesod nlime

"" _Eé.l:n-hﬂndr Carrelation,

| Condar, and Scale. of pou have - | have corredations near - Lor 4+ 1 #nd vary woak gssociations near @
uny lngeving duiitdy that shifting v Comrplation hins no units, se shifting or scaling tha dita, standareming. or ewo Bwapiing th vk
And FESCE e Gaty wvL nlas has no-effect on ine numencel ahen.
charges 1M ioereSation, walch
ot hagen right belors your Once aguin wo've sarmed that doang Stabivhes right mesns we have o Thiok sbes whethar oe
g B | cholce of meihods s appropriate.

« The corpiation cosificien] & aporopriale oaiy § (B usderiying selgfisrsing o lines

= Well chech the Straight Ensigh Candition by looking a1 @ scamimepiol

= A, g abwey, vea'll wasch oul for oo

Finally, we've leamed not 0 make the misials of suming thal o hgh correlation or shrong s
st s wvidence of & cause-and-oiect relabionghip. Bewans of lurking vadkabie|

Terms
Scatterplots 167, A scattarpbot shows. the rlationship between two guantitstive varlables measumaon the
Chson
Agsncigtion + |47, Direction: & potitres dirsction or asanciation imeans that, n panerst, 8 b vasabla 5

ciesses; 30 does i othar. Whan incresses in oe variable gensrdly comespond bo decsessss i
ihe oiher, the associaton B negative

= a7, Form: The foimn we cam sbout most 8 srasghil. bl you shosdd certainky Gescritd o
patiermn yin: 1o m Salerpiol.

= |ag, Steength: & scafterpiol it saud i0oehos 8 SIN0Rg Bssaciation i thens it soatier arous
frae uiudertying mlalmrship

Outlier 148, A-poind fhat does oot fit B oversl) pathen e in e scatemo



Scampmplol ard Cartelation dan ik Cormpufer THE3

Response variable, 149, In & scattemlol, youl st choose a robs for sach varlasie. Assign io the voanis the response
Explanatory variabie, wariable that you nogn o peedict or sxplzen. Assign o the 5-ais The sxplanatory o [Fedichr virietii
xvariable, pvariable THat accouniy for, gapiaing, pradicts, or & ofhensis responsinie for Ihe y-uarsgble.

Cormelation Coefficient 154, The cormlalion ooelficient is 4 memarical massues of e dirsclicn and sisanith of o liness
asmacizhion

o
ul

¥ .
y=1

Lurking variable 157, A varlabie glher than x and y that smutansomiy afects Both varisbles, sccoundiog for the
cowtelabann Bartamer B tass

Skills
- = Fecogniss wihie etest @ e petten of 2 possibie relafonship beheee beo gisnfilaie varnd
Ables sugRests making a scatiemiol

= W Tiwe B5 idenilily the foses Of the varidiies and Dl yoo should place the mponse visrabis
an fhe waanis snd e mplanalory vadable o e s -ars

& Mrusw Phe comdilaais tor conelataon and ow 1o chescl (Rem

& Eogy Il commelaliing ane Befweed =1 and =3, and 1hit each &Extrerme indscales & thr;t -
B JuEeinnn

= Lindersiand haow Ihe magndude of {ha cormalation reflects the strength of a linear Esocaptian s
wirwedl i A scatierpiol
& M Il Corfelsbion Mas no urils

¢ Kpnow Pt e corelation coeMicient & not chatged by changing the cemer nr wcale of wines
Vari =

e Litwderstand Ihal caueatian conrdl be demonslratod by 8 scabierplol oo coréation
Ko Frd I Fridion @ SCatlespind By hand (or o senall sl of datal or wilh Technology
* Kraw haw In cocpule e cortidation of o vaisble.

+  Emow Ienw o read @ coneistion tabée produced by & Slslisbcy piagram,

He anle 1o describie he dvection, lom, end strengih of o seatierpiof

= Be prepered i identily @l descibe ot thal dessits bom the overall patien

= Be able 1o isa-covrelation as part of iha deseription of a scabl=miot

«  Be nked o misirtepietsans ol comelaton

= Lincerstand al linding & corslalion wesn Pad Gariablet docs nol indicale & cmal alicmhip
Delwesn fhetr), Bewears e daspers of agissing thss redsliorships aien descibing comsationn.
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_ SCATTERPLOTS AND CORRELATION ON THE COMPUTER

Shastics pacipges genprally maoe T fgyy L0 000 5C & acetberplor To chegiadie e T comelaTion i
ARgroriATe. Some packages makd [Ris e That Strprs

Hary sadaagss alow you b ey br evognce B scEttA—Tio L, @it AP THE dals Lkl ~he Asia fartiartng wha
Pare =¥ miils or Ty SEiSty uidd, Deme aplans St 3= Sole gl dyTHDa chohce Cn e Gead 0 i |'LI_| bl

Fenal Infrreestion un the sostiewut,




Terms

Mixdel
Lirear model

Predicied value

Resgiduals

Leant squanes

Regression to the mean

Regression ling
Line af best fit

WHAT HAVE WE LEARNEDO7?

We've iparnad thal when B relatiorship belwenns guantitative varlables is teiry straight, a |l

el cgn hadp sasmembrae Bhat relalzonship and give us nsiphts shegt it

& The megreuson (best fit] fine dossn't pass Baough all the poivts, But i s th Dedt commpecenisn B
the seema fhal B2 Soen of squares of The residuals s e sinaliest possibl.

Wa've hsamed several Things He comelation, r, lells us aboul the regession:
o Thesiope of B e s bt of' 115e comlabon, adsuited Tor e anis of 5 86

y Le ]
By -

o5

Whe've laamed 1o interpeed (hat sope 0 coniet

= For pach S0 of ¢ ihad we are pway from e s mean, we oepect 1o bo ¢ 508 of ey bnen B
i Imsan |

» Hecaise ¢ s Atways tetwoen =1 and +1. sech prediched y 8 faver S04 sway Trom s meel
than The cormspondiog © was, & phenomeoon called regesalon 1o the mean |

»  The squaie of the comelatios cosfficsant, B, gives i M fraction of the vatiation of the -I
sponss aceounted for by the regression modsl. The remaining 1 - B of the variation i s
Ihe resdunls

The ressduals alse revent Bow wiell the model works:

w It = piot o resedieals agaimd eediched valui shows @ patiem, we shicld r-saaming ihe dale
FEE Wy
= The standand devialon of the sesalials, i Quiiiifes Bwe sl of scafier aound fhe Ené

(¥ poursa, Bha linsdér model maksd no senna nkess the Linsarty Assumplion & satsfind. We chiss
the Straight Enaugh Conditien and Cutfier Coanditton wilh & scattermiol, as we S0 fur corelatian,
i atso with & plt of sesicduahy agamet sithar the 5 or tha predicied velues. For fhe stancam] dedl
L of 1 resichisis 1o ke Serse a5 3 STy, W haws (0 mass e Equal Venance Assumphs.
W chioch i by looking a1 bolh the onginal scafteipiol and i tesadual pot for 1he Do the Ml
Thicken? Condition.

172 An egquabion o formiul el senpliifies and sepresends reality
1735 A linear model s an equiation of @ line. T imeprél a linear modal, we need 1o know Ehe
nbtes fadrg with their ¥W'sh and Ealr units,
172 Th wahis of i founsd kor & givem x-valus in B dota. A phedicted vl b Sund by ssmiitulng
fhe r-uiue in the epression equation. The predicied valees s the walums o the lified lins; i
poirts |1, @) 8l lie sscty on ke fifled e
172, Resitunly arn the aifferences tedwesn dals valoes and the coresponding valies predicisd
the: regression morel—or, Mo genenally, viskios predicted by any moded

Eesidual = obsererd vahie -~ predicied vabse = ¢ = @ - §

172, Tha keaw] squdres critrrion specities the unigue Ime et misemies e welance of the iy
a5 or equaniiantly, the sum of the squamsd retiduals.

174, Becaied the comedabion |§ always bess than 1.0 n magnitisde, cach predictad y beods to b
feweer siaadand devishions foem s roedn thas i comisponding @ was broan i mean. This & calle
regraszan bo e mean

174, The particular ingad aguation
¥ =T

hsl salniic fhe bl sguares Criferion o called [he least sguans regression bne. Casally, e ofle
fest cil # e regression liee, O the B of bed fit



Slape

Skills

Whal Have We Learmsd? 989

176, Tha slapa, fy, gives:a valee-in "y-units pee T-unit.” Changes of poe it in & are associgied
weith changes of by unils in prediched valoes of . The siope tan be fund by

My
I'1%_

176, Thw intwrcapa, by, 2iwes 3 starting value i yunits, 11's the Gyalie when x is 0. Yo can find i
from by = ¥ ~ b, P
181. The standasl diviation of the residisals |4 faind by s, = J—E— Whin il ssimplions and

conditions are mat, thi residyals can be woll disoriBied by using B standard devistion and e
BE-05-99.7 Fide

o 182 K b the squans of Th comelation between y end 1+

+ R grvis the traction of tha varlobifity of y accounted for by the inast squases Sinear regression
e

s RE i an overnlt mossre of how sascesbal e egression man linnafly fmisling g o

= e ahle bo Menlify reiponiss (yland Explanabary (b variables & confext.
*  LUnderstand how o bneisr sguation summarnsss tee reladionahip hetween two varistes

= Recogipg when & megression shoold be vsed o summarize o (mear meladiansnip edwesn wo
muantitatiee varialves,

» B able o judge whether the slope of a regression makis sense,

#  Wncw i |0 eRaming your dats for violatiars ol e Straight Enaugh Conitsan thist wauld ks
if inegpraprisde 10 colnpule & regrssion

+  Understand that U teast squnes slope & easily aftactad hy aximme valiss

*  Hnow thal residusts am INe dilferences DElween B dath valuss and INE COMBEsponding vahses
prediche) by e line and T The Maal sguares critenion Tirds (e Ine el minimizes [he s
of it sqquaned hesid uels.

# Funow how im0 ool of residusts againgl predicled values 1o chieck Ui Strakght Endugh Con-
dition. £ Dees e Plod Thicken? Condition, 500 the Outtier Corvdiian.

& Undertand Mt the slantand deviabion of he reslduals, &, messwes variabilily seound b Hoe
A kg ¢, means ihe polrts e widely scatfersd: 8 small o mesns thay e close o the fire.

= Hrow Bow B0 Tind o regression eqguation from he summany stalislecs for each varizble and (he
commelation betwesn e unriables,

+  Fonow how to R 8 regresshan equation using youl statistics stftwane and how b lind the slope
andd intnrcepl values (nthe regrossan oufpu labde.

= Hrow how i0 e fegression 1o presficd & valie of i hor B given ©

¢ Kol 10 Spmpute Ihe residil Tor asch 0ata valug and how 1o display the resduats.

» He able 6 wiite posenteice explaining whal & liness eguation says about the relationship be-
vy el v, Barsing IF cn b Tacd (had Bhe Slope s giver i y-iis per s umir

+  Understard hiow i comstaton confichent and bhe regression sloge ane pelated. Knows how 17
el ety It FaichT of the varialind oy B perouUTE Bnd by B et mslatonshin with

« e abile o Sescribe o predschon made Som a rigresssan equation, relaling the peedicled velis o
he specified yalue.

« Be phle lo wiile & sentence nberpmbng r,nr&prq%g.t‘_,lphll arfar in pmﬂ:tlms—lh
anants by which oclual y-vadie iiee fram ihe s astimatad by e model,



REGRESSION ON THE COMPUTER

Al pratiegics pastades make g Tazls of reapis foe 2 regrepeicn. Thess Tables may diftar r.Ii._]"-r!.-.' From one

package toanother, but all are Sneerrtially the same—prd all Inglods much mane than we seed To know Tor nos,
Every comgaiter rapnsaelon Take inpod e & SScthin Lhart ik soenathing (g this:

R i ed The “depermdent, ” vesponad, &
Standard \ A apvavieis
e of I‘,"
vestdumts | Oepandent varisble i5d Tatal Fat
a5 W e
[ *  Finding Least Sguares 1=y —
Lime. W almicsl alweys uso - i
techreiogy b fod Fegressiuns Yariaale ADEELICIBNL At [0 Uerat e TR |
Praclict now - jusl i time lar Frtafcopt b B30T) k. l'.F'd A I-'.' '-!-I ‘.P |
| fhe peermm | Brataip 1]-5{':"1-.1“] 423 fA.oq =ibunl
! The clope ,
The “Lisdependlant.” prediotos, or wrll deal with ail of
£-variable Ths Lwkercept Ehese Later L thae Booke.

i PR EDre EhER,
o v

The sloge ard Intercept coelficlent are given in 2 table euch 2o thiaane, Usually the slope indabaled with the
name o the searabl= gngd the irtemest o lebeled "nferncest or ConstaerL” So The regrandinn agustion Sk

here 1=

Fat =

SES0TY + OONSS rotein

i I8 not wuses! for stotisfics packsges o ghve mamy more digite of the sotimated sloos e [nfercept Shan
ol popsitty be petimated from the data (The onginal gata ware eparted 1o the nagreat dram, ] Ordinarily, vioo
ehould round moet of the repartad mumbars 1o'oma digit mdre Chan the preciEss & The daca. dnd the slope T
twn, We will marm aboot Bra atiher rumcers In Tha regression Cabls Eter in 1hd book For now, all you nesd tobe

b T do i fing tha coetfidients, the s, and the &= value
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