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Figure 5.2. PRO BABILITY MOD ELLING: Normal Distributions
Prog ram 4 in: Ag a inst All Odds: Inside Sta tis tics

His t ogr ams and stem p l ots giv e a quite det ailed picture of a dis tributio n. In this progr am you wil l se ethat the ove r all
patt e rn of a dis tributio n can often be des cribed compactly by a smoot h curve, called apr obabi lity den sity function (p.d.f.) or
density cur ve. Think of a p.d.f. as a smoot h curve drawn throug h the tops of the bars of a rela t ive frequ enc y his t ogr am . A
density cur ve is usually an idea lized des criptio n of a dis tributio n that giv es the ove r all patt e rn but ignores the irregularities that
are pre sent in actual dat a. In the video, p.d.f.s are use dto compare the dist rib u tio ns of the age sof Ame ricans in 1930 and
2075. Of cou rse, the secon ddist rib u tio n is an estim ate made by the U.S. Census Bure au. This is an effective use of density
curves becau se we are int e rest e din the big picture of change sin the ove r all dist rib u tio ns of age, not in sma l l details.

The media n of a dis tributio n can be locat e don a density cur ve as the poi nt that div ides the curve into two equ al are as.
The mean of the dist rib u tio n is the poi nt at whi c h the cur ve wou ld balanc eif i t were made out of soli d mater ial. Becau se a
p.d.f. repre sents an ideal dist rib u tio n, we use a speci al symbol for its mean, the Gre ek letter µ; the standard dev iation is
si milarly repre sent e dby the Gre ek letterσ. The standard dev iationσ cannot be locat e dby eye on mos tp.d.f.s. The mean and
me dian are equ al for sym met ric density cur ves, but the mean of a skewed cur ve is locat e dfarthe rtoward the long tail than the
me dian.

The normal dis tributions are speci fi ed by bel l-shaped sym met ric density cur ves. Nor mal dist rib u tio ns are use dve ry
widely in statis ti cs, so we wil l study their pro per tie s in det ail. Unlike mos t dist rib u tio ns, a nor mal dist rib u tio n is complet ely
des cribed by its meanµ and standard dev iationσ. Bot h µ andσ can be fou nd from the shape of a nor mal curve. Changi ng µ
move sa nor mal curve along the axi s withou t changi ng its shape. Changi ng σ change sthe shape; cur ves wit h larger standard
deviation s are more sprea d ou t and les ssh arply peaked . As the video not es,normal dist rib u tio ns giv e an approxi mat e
des criptio n of the ove r all patt e rn of many com mon types of dat a. But do rem ember that no dist rib u tio n fo r actual data will be
exactl y normal. The smoot hnormal curve is an idea l dist rib u tio n that is easy to wor k with , not an exact des criptio n.

All nor mal dist rib u tio ns are the sa m e when measurements are made in units of σ abou t the mean. Thes eare called sta n-
dardized mea surem ents. In particular, all nor mal dist rib u tio ns satisfy the 68−95−99.7 rule. This rule says that in any nor mal
dist rib u tio n, about 68% of the obs ervation sfa l l within σ of the meanµ, about 95% fall wit hin two standard dev iation sof the
mean, and about 99.7% fall wit hin 3σ on eit her sid e of µ. Study Fig ure 1.24 on pag e72 of the Tex t and Fig ure 5.3 of the
Course Mat e ria ls to get a cle ar picture of the situation. The 68−95−99.7 rule allow s us to think about nor mal dist rib u tio ns
withou tdoing det ailed calculc ation s. In the video, we can qui ckly see how few you ngwomen are elig ible for membership in a
Be a nst alk Club that is open only to women at lea st5 feet 10 inches (abou t17 8 cm) tall [and to men at lea st6 feet 2 inches
(a bou t188 cm) tall].

When we hav eseve r al obs ervation s, each from a different nor mal dist rib u tio n, we often use standardized mea s urements to
co mpare the obs ervation s. As the video not es,the dis tributio n of maj or league batting ave r age sis rou ghly nor mal, but the
st andard dev iation has change dov er tim e. To compare how far outst anding hit ters of different eras stood above their con tem -
poraries, we standardized thei r batting ave r age s.
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