Describingand Learning About Relationships

e Statisticgs notjustaboutdescribingasinglegroup
of numbers.

e Powerful way to describeand discover relation-
shipsfrom noisydata.

Example: Chick weights

Cornis animportantanimalfood. Normal corn lacks certain
aminoacids,whicharebuilding blocksfor protein.Plantscien-
tistshave developednew cornvarietiesthathave moreof these
aminoacids.To testa new cornasan animalfood, a group of

200ne-day-oldnalechickswasfed arationcontainingthenew

corn.A controlgroupof another20 chickswasfed arationthat
wasidenticalexceptthatit containechormalcorn.Herearethe
weightgains(in grams)after21 days.

Nor mal corn New corn

380 321 366 356 361 447 401 375
283 349 402 462 434 403 393 426
356 410 329 399 406 318 467 407
350 384 316 272 427 420 477 392

545 455 360 131 430 339 410 326



Some terminol ogy

e Thecorntype (normalor new) is the independent
variable. Othernamedor thisinclude:

— predictor

— stimulus

— explanatoryvariable
— X variable

e Theweightgain is calledthe dependent variable.
Othernamedor thisinclude:

— response
— outcome
— Y variable
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In Experiments and Comparative Studies

e The conditionsbeing comparedare the indepen-
dent variable, whosevaluesare usually qualita-
tive: thenamesf the conditions.

e The outcome of the experimentis usuallythe de-
pendent variable. It is usually(but notalways)quan-
titative: a countor numericalmeasurement.

e Usefultools: Parallel boxplots,backto backstem
andleatf, etc.

Other kinds of studiesand data
Time Series

¢ Independentariableis time

e Responsés usuallyguantitatve (counts,amounts,
measurements)

e Usefultools:line plots



Time Series Example
AverageSpeed®f Winning Cars,Indy 500,in Two Eras.

Era 1 Era 2
YEAR SPEED YEAR SPEED
1967 151 1986 171
1968 152 1987 162
1969 157 1988 145
1970 156 1989 168
1971 158 1990 186
1972 163 1991 176
1973 159 1992 134

1974 159 1993 157
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160 170 180
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Two quantitative variables

e Decidewnhich is independent andwhich is depen-
dent

— outcome is dependent
— Othervariableis independent

e Bothvariablesareusuallyguantitative
e Usefultools:scattemplots,regressiorlines

Example

Headacceleratiom simulatednotorg/cle accidentsused
to testcrashhelmets.

e n=133crashegtoo mary to list)

e tines: Inmillisecondsafterimpact
accel : Iingees
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Describing scatter plots

e Plotting,transformingf needbe
e Relationdetweerthevariables

— Positve(increasingys.negative (decreasing)
association

— linear, vs. nonlinearrelationships

— U-shapedelationshipsys. “no relationship”
e Clustering

e Outliers(in X orY)
e Unequalvariability



Example
NaturalGasConsumptior(Moore,p. 335).

e AverageoutsidetemperaturéF)
e AveragenaturalgasconsumedCu Ft)

Mont h| Cct Nov Dec Jan Feb Mar Apr r

Tenp | 49.4 38.2 27.2 28.6 29.5 46.4 49.7
Gas |520 610 870 850 880 490 450 2
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Plotting,transformingf needbe
Relationsbetweerthevariables
Clustering

Outliers(in X orY)
UnequalVariability



Example

Resultsof a studyof questionnaireesponsavhenpay-
mentsareenclosedSiegelandMorgan,p. 527).

Pnt (Francs) O 0.1 0.2 0.5 1 2 5 10
Pct Returned 16 18.0 22.0 24.0 32 30 40 42

60
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Plotting,transformingf needbe
Relationsbetweerthevariables
Clustering

Outliers(in X orY)
UnequalVariability
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The effect of a transformation

percent.returned
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| nter pretation:

e Anincreas®faboutO.7ontheln scalecorresponds
to doublingthe orginal numbers.

e You have to doublethe paymentto geteachaddi-
tional 5% of formsreturned.



