Quantifying the Relationshipin a Scatter Plot
Illustrating a Trend: The Median Trace

e Divide the X-axis up into at least3 equal-sized
groups(besensible!)

e Computeboxplotsfor theY’sin eachgroup

e Connecthemediansf theboxplots

Example: Gas Consumption

e 8 obsenrations
e 3 groups
e 2 or 3 obserationspergroup
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Example: Motorcycle Crashes

e 1330bsenrations
e 15groups
e 80r9 obserationspergroup
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Correlation: How much LINEAR relationship

IS there?
Example: Gas Consumption

300 400 500 600 700 800 900
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Mean SD
Temp 40.76 11.45
Gas 616.25 229.41

Temp Gas Z for Temp Z for Gas Product

49.4 520 0.7540623 —0.41956313 —0.316376755
38.2 610 —-0.2237088 —0.02724436 0.006094803
27.2 870 —1.1840197 1.10612098 —1.309669071
28.6 850 —1.0617983 1.01893903 —1.081907776
29.5 880 —0.9832275 1.14971195 —1.130428353
46.4 490 0.4921594 —0.55033605 —0.270853038
49.7 450 0.7802526 —0.72469995 —0.565449049
57.1 260 1.4262800 —1.55292846 —2.214910811

Correlationr = (Sumof products)(n — 1) = —0.9833571.



Correlation Rules of Thumb
Correlationr mustbebetween—1 and+1.

e Correlation near+1: strongincreasing lineartrend
e Correlationr near—1: strongdecreasing lineartrend
e Correlationr near 0: nolinear relationship

... but there might be a strong nonlinear relationship.. .
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Example: Motorcycle Crashes

accel

-100

o r = 0.2964

e Mild increasingelationship

e Butcorrelatiomandlinear relationshipgeallydon’
describehe patternof thedata!



Equation of the “Best line”
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e Residualsverticaldistanced$rom pointsto line

e Theleast squareslineistheline thatminimizesthe
sumof thesquaredesiduals

e Equationof theleast-squarelne:

y = a+b-xz, where
SD,

b = r- SD.

a = mean — b-mean

Putit all together:
SD,
SD,

y = mean +r- (x — mean,)



Example: Gas consumption

Gas
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\ Mean SD | r
X Temp 40.76 11.45| —-0.98
Y Gas 616.25 229.41

b = r-SD,/SD, = (—0.98)-229.4111.45 = — 19.66
a = mean — (—19.66) - mean = 1417.59
y = 1417.59—19.66-x

e If outsidetempis x = 40°F, thenexpectto usey =
1417.59 — 19.66 - 40 = 631.18 CubicFeetof gas.

e If outsidetempis x = 60°F, thenexpectto usey =
1417.59 — 19.66 - 60 = 237.98 CubicFeetof gas.



How goodis a straight-line regression?
Quantitative answer:

r2 is the fraction (or percent) of the varia-
tion in y that is explained as a linear func-
tion of .

¢ In theGas Consumption data,r = —0.98, sor? =
0.96, or 96% of the variationin y = Gasis ex-
plainedasalinearfunctionof z = Temp

¢ In theMotorcycle Crash data,r = 0.30, so
r2 = (.09 or only about9% of thevariationin y =
accelis explainedasalinearfunctionof z = time.
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How strong in the relationship?
It depend®nthefield of study!

e In the physical sciencesr ~ 0.9 or betteris ex-
pected; i.e. at leastr? = 80% of the variability
shouldbeexplained.

¢ In psychologyandsocialsciences ~ 0.7 is won-
derful (r? = 50% of thevariability explained)and
r? =~ (.3 is often acceptabldonly »* = 10% of
thevariability explained!).



