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Figure 5.7. PRO BABILITY MOD ELLING: Normal Calcul ations
Prog ram 5 in: Ag a inst All Odds: Inside Sta tis tics

Althou gh the 68−95−99.7 rule allow sus to make qui ck approxi mat ecalcula t ion sabou t normal dist rib u tio ns, we als o ne e d
mo reex act met hods. This progr amsh ows in det ail how to answe r two types of que s tion sfo r any nor mal dist rib u tio n.

1 First, giv en an int e rval of pos sib le outco m e s ,what is its pro por tio n (o r rela t ive frequ enc y)?
2 Se con d, giv en a  pro por tio n su ch as "the hig hest 5% of the outco m e s ," what is the value wit h that pro por tio n abov eit or bel ow it ?

The vid eo ask sand answe rs the fol low ing questio ns to illust r ate nor mal dist rib u tio n calcula t ion sof type 1:

• The heights of you ngwomen can be model led by a nor mal dist rib u tio n with meanµ = 65.5 in c h e sand standard dev iation
σ = 2. 5 in c h e s;what percent age of thes ewomen are taller than 61.7 inches?

• The heights of sev en year-ol d gi rls can be model led by a nor mal dist rib u tio n with µ = 48.7 in c h e sandσ =1.9 in c h e s;what
perc ent age are shor terthan 48. 5in c h e s?

• The dis tributio n of nit rog en oxi de emissio ns from a prototype eng ine is estim ated to be nor mal wit h µ = 0.78 gr ams per
mile and σ = 0. 525 gr ams per mile; what percent age of thes ecars wil l exceed the reg ula tor y li mit of 1.0 grams per mile?

• Bl ood chole s terol leve ls (in mg per decilit re) among adult s ag ed 20 to 74 years can be model led by a nor mal dist rib u tio n with
µ = 21 3andσ = 48.4; what percent age of the popula t ion fall in the borderlin erisk group wit h leve ls bet ween 200 and 250?

Calcula t ion sof type 2 are illust r ated by a que s tion aske dby the U.S. army in decid ing whi c hsoldiers need custom -ma de helm ets:
The hea dci r c umferenc esof sol d iers are approxi mat ely nor mal wit h µ = 22.8 in c h e sandσ =1.1in c h e s;what hea dci r c um-
fe renc eis exc e e ded by just 5% of all sol d iers?

Bo th types of calcula t ion use the fact that all nor mal dist rib u tio ns are thesa m e when a standardized scale is use d; we now
st ate this fact more exactly :

if Y ha sa N(µ,σ) dis tributio n, then thesta n dar dized variable Z = (Y−µ)/σ ha sthe sta n dar d normal dist rib u tio n N(0,1).
Ta ble A on pag es T2 and T3 (and on the front flyleaf) of the tex t, and Fig ure 5.4 of the Cou rse Mat e ria ls ,give probabilit ies (or
propor tio ns) of the eve n tZ ≤ z fo r ma ny value sof z at inter vals of 0.01. Nor mal dist rib u tio n calcula t ion sare don ein two steps:

* First, rest ate the problem in ter ms of a standard nor mal variable Z by standardizing the origi nal problem .

* Then use Table A of the tex t, or Fig ure 5.4 of the Cou rse Mat e ria ls ,to obtain the answe r.

Be cau se nor mal dist rib u tio ns are impor tant in statis ti cs, we need a way to asses s whet her the dis tributio n of a set of dat ais
ap proxi mat ely nor mal. This is best done by looking at a speci al graph called anormal qua ntile plo t, whi c h is availa ble on
mos tst atis ti c a lsoftware sys tems. Dev iation sof the poi nts on such a plo t fr om a straig ht lin esh ow dev iation sof the data from
normality. You do not ne e dto be able to con str uct a nor mal quantile plo t (u nle ss you hav esoftware that does it automati c a l ly) ,
only to in terpre t the plo t. The video shows nor mal quantile plo t sfo r heig hts of gir ls (cl o se to normal), nit rog en oxi de emissio ns
fr om veh icle s(roughl y normal), and carbon monox ide emissio ns from the same veh icle s(s k e wed to the rig ht, sonot normal).
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A lit tle unde rsix minu t esin t o the vid eo (i.e., clos eto fo ur minu t esin t o it s actual conten t s), Dr. Amabile mea s ure sthe height
of her dau ght e rChristin e. In poi nt for m,assess crit ically, from ameasur ing perspectiv e, the process as we see it.

• Su gge s tthe constrai nt(s) on the produ c e rs of the video that mig ht hav ebeen responsib le for any undesir able feature sof
the process.

1

A lit tle unde rel even minu t esin t o the vid eo (i.e., clos eto ni ne minu t esin t o it s actual conten t s), the re is a des criptio n of how
Gene r al Moto rs che cks whether a prototype of one of its car model s is meeting U.S. Federal emissio n st andards (viz., 1
gr amper mile) for nit rog en oxi des(NOX ), con stituents of car exh aust gases whi c hhave, at hig h conc ent r ation s, been linke d
to a variety of health problems and to the for mation of aci d rain. The video (and the thi rd bul let of the sum mar y abov e)
sh ows the two expre ssi ons (in grams per mile) : µ = 0.78 and σ = 0. 525. Exp lain brief ly in wor ds what (st atis ti c a l)
proces s esare indicated by thes eex pre ssi ons; you r ex pla n ation wil l ne e dto inclu de caref ul use of the words model,
popu lation andsa m p le.

2

In the discus sio n on the video of chole s terol leve ls as a risk facto r fo r heart dis ease, Dr. Wil lia m Ca stel li (hea dof the
Framing ham heart study) des cribes the borderlin e risk group as people wit h leve ls of 200 to 260, whe rea sthe vid eo
calcula t ion, base don the nor mal model , of a popula t ion pro por tio n of 38% appli es to lev els of 200 to 250 (se ethe fou rth
bullet of the sum mar y ov erleaf). Calcula te how much the pro por tio n woul d increa s eif i t were to apply to Dr. Castelli’s
so m ewhat wid er range of chole s terol leve ls.
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