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Figure 6.2. PROBABILITY MODELLING: The Sample Average and Control Charts
Program B in: Againg All Odds Ingde Satigtics

Sampt ourts and poportons, which are dsaussé in Programl7 are important sanple ddistics. This program pre-
sents the &ds @out anather very important sttistic the samle arergge’y Qupposewe havea sanple of $ze n dtainedby
eqliprobalde r smple randon) seleding [abbreviatedEPS ¢r SRS) from alarge popuation with aveage or nodel mean i
and sandad deviationo. Some esantial properies of the samling dstribution of the random wvaalle Y, repesering the
aveage yof the samle dotainedby EPS 6r SRS, ae:

® Mean: u(Y) = g =E(Y) = i

® Sd.andVariance o(Y) =0, =sd(Y) = cr\/% and UZEV) =oz=var(Y) = [cr\/%]z =

@ Didribution: If the ppuation dstribution is normal, Y hasa normal distribution; i.e, YON(g, a\/%)

e Digtribution: Regardiess of the ppuation dstribuion, the ditibuton of Y is _
approximatdy normal when the sapte sze n is hrge as a on- i.e, YEIN(4, JE)

sequenceof the Central Limit Theorem.

The first property says hd the sample averaeY is an unbiased estimator of the puation averae or nodel mean y; the
seondproperty says ha the vaiation of a anple average or model mear) decreasesis he sample sze increases The tird
and burth properiesbath concernthe form of the dstibution of Y. It turnsoutthat any sum, dfferenceor averaye of (proba-
bilisticaly) independent normal random vealdesalso tas a ormal distibuton. This kead to he tird fad: if the ppuation
hasa rormal distibuion N(y, o), thenY hasa N(y, ofvi) dstribuion. What if the ppuation cbesnot have a rormal disti-
buior? The oneqiene of the GentralLimit Theorem & tha, for large n the sarpling dstribution of Y is approximatdy
N(y, ofvin) for any popuation with finite sandard deviation o; this is tue even if the ppuation dstribution is discrete.

In the video, the GentralLimit Theorem & gplied to daying roukte in a @sno. Becau® te sandad ceviationo of the
payoff on asinge play is lamge the sandad deviation ofvn is dill large for n=50 or so kets Garrbling is eciting for the
ganbler lecaue the aitcomeof an evenngs beting is uincetain. By contast, the caino betsa very large rumber of times
hence gfvn for the @sno is snall and the gerge @ydf ¥ will be dose to he ppuation arerge or model mean p. This
avaage fvous the caino a lttle o, in the bng run, it makes noney at apredictable rate

Thesefacts about the dstribuion of Y are goplied in datistical process contral to hdp monitor and improve the qudity of
mandacturedgoods. The ideas to watd the mandacturing process b catd chargeseerly ratrer than waiting to ingoect the
produd at theend. A proessthat an ke meastedove timeis said to be in contrd if its patten of vaiation (its probabilty
distibution) is the same at all times A proaessthat is in ontrd is operating under sthle mndtions; i.e, it is said to be a
stable process

Ay (orX) contral chart (alo alled aShewhart chart or acontrol chart for averages) is a geph d sanple averayes plotd
agang the tme order d the sarples, to bonv wheher tre leve of the pocess & charging overtime. The chat has a slid
centre line at the agetvalue u of the pocess aeraye ad dahel contral limits at 4+ 3g/vn. The ontd limits indude the
rangeof variation in'ywe &ped to e n a rormally operdting process A value aitsice thesdimits suggests ha the pocess
hasbeen dsturbed ty some adtional saurce of vanation ha shauld be bcatedand fked In this way a 'y chat helps s
deddeif a process & in ontrd with aveage ¢ and sandad deviation o. In practice, an aut-of-control sgnalresilts when

e ary one mint falls autsice the ontad limits; i.e, beyand 3 sandad deviationson aethe sice of the @nte ine;  OR
e two d three @ngculve pantslie beween 2 an 3 tandad deviationson the same sice of the @nte ine  OR

o four of five mnsecuive pantslie beween 1 and 2 sandad deviationson the same sice of the @nte ine,  OR

e thee is arun of 8 r, somdimes, 9 conseuive pantson the same sice of the @nte line.

In the video, you will seecontrol charts beingusel to nonitor the slt content d potédo chps.
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The yymbds ¥ andY (or X and X) are wsedin a rumbe of places in the simmary of the video conents dven eove.
Explain carefuly the 6tdistica) distinction(§ beween the bwerand ypper ase gmbds and ther usef).

The first sentenceof the ®mndparagrgph dove refers to an unbiased estimator; explan the meamig d this rmin your
ownwordas.
® From wha sources doesinaccuracy anse€ Explan briefly.
- Which is wisudly of greder @neernin practice esimaing bhiasor the urces of inacaurecy you identfied? Explan
briefly.
(continued overleaf )
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In yourownwords, eplain wha the Central Limit Theorem says; male dea whether t is an exact or an approximate result.

The first sentenceof the tird paragiaph of the simnary of the video conients gven overkaf o page613 dates tha ...
the Central Limit Theorem is applied to playing roulette in a casno. Explain the pedse sensein whichthe Theorem &
beng gpplied.

Explain briefly to wha the approximation refers in the lower of the two gmbdic expressions brY givenovaleaf o page
613 d the ypper light; disinguish clealy between what is, and $ not, gpproximate and indicae the assumption9 invdved.

The smndlag paragaph of the simmary of the video contents gven overkaf o page613 dates ... theideais.... to catch
changes ealy rathe than waiting to ingpect the product at the end. What ae the advantage(§ of the brmer gproach (chart-
ing) over the biter(inpection) as a nettod d quéity assuance

The £ondlag paragiaph of the simmary ovaleaf ; page613 defines a pocess ha isin control; show this cefinition
in pictorial (or graphical) form.
® Constuct a coregponding pctorial disphy for a pocess ha is out of control.

What ces n epgreent n the ontd limits o ,uiScr‘/%, given in the hird line of the hg paragaph of the sImnary ova-
leafon mge613?

Fora gable process find the pobability of an dsevation {.e, a srple averae lying outside the @ntrd limits d w+ 3g/vn.

Showyour method d calcuation and stateary assumption§ invdved.

® Reped the pobability calcuation for a wun of 8 ad d 9 consecuive pants on the same sice of the @nte ine; again
shav your mehod and sssumptions.

® Reped the pobability calcuation or each of the other two aut-of-control Sgnak descibed nea the ottom o the sim-
mary of the video contents gyen overkaf o page6.13

- On the kags of your calcdations arrarge he buroutof-control Sgnak in ader from mostto leastsendtive.
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