[ Statistical Highlight #15{ #HL151
University of Waterl®m W H. Chery

ERROR: Measuemert Error — Youders Enduring Values
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A notewothy fedure d the eslts in diagram(@) is tha eac invesigabrs ‘best value les ouside the limits reportedby
his immedate predecesr, and the gudion is rot gredly improved even if the rangesof the eror bars ae mnsderedingead
of the pint esimates; tis siggestsheseinvesigabrs  not have reliable information atout their saurces d inacauracy, In
diagam (), the valuesare gpreadove a rarge of 35 km/seond yet haf the ¢daimedermors ae well unde 0.5 km/seond
swygesing that individual invesigabrs ae wnable to €t reaalistic limits of error for their reportedvalues. In diagram(c), despite
the equdly carefu calibration of he two ules, hey dealy leadto different esuts, providing s with a dimpse of how inaccu-
racy is mnhneded with ®me @rtof the ppaatus. The bssn is ha an essatial regpongbility of dl experimentes is to ty to
quantify this end ohertypes of inacaurecy. As dsausse below by carrying aut an experiment n a groperly desgned mamer
inacauarcy from dfferent urces @an ke esimaed effciertly (i.e, without having to make an @&cessve number d measue-
ment$ and expai mentaly (.e., withoutrdying merely on ‘pgoe’ esimates basedon expertjudgamen).

Supmsewe ae cocenedwith quantifying threesaurces ¢ measung inaccuracy in the deéermination of he aceleraion
due b gavity: the cabraion of he wle which the déa in dagram(c) oveleaf ; page67 addres), and theitning dock and
the resdud presue in the ube which thesedaa b notaddres Denoe the two ules byR, andR,, two docksby A andB
and two pesuesby P andB; then he samenumber d meastements(64) as h dagram(c) shaild be nace wmprising 16
with each of the bllowing four conbinatbnsof the hree surces of inacauracy (ule, dock, presue): (1) RAR (2 RBR (3
R,BR (4 R,AB. The ompaism of rules & then nace by omparing (1) +(2) with (3) +(4); the @mpaism is fair in tha it
is ot confaminded with dock o presue inacauracy and, beingbasedon dl 64 meastements, $ of the samepredsion as br
the datain diagram(c). Further the euivalent @mparisan o clocks now comes fom (1) +(4) vs (2) +(3) and ha of pressuies
from () +(3) vs(2) +(4).

The bass of the eperimentaldesgn descibed in the peceihg paragiaph, in whichthe samearrourt of datayields essa-
tially three tmes as nuch information @& dagram(c), is the sysiemdic changing d more than one factor at a timein different e-
peaimentalruns This is ©ntary to mostpeles intuition, whichingead gnedly lead to he ndficientpradice of charging
only ane factor at a time  For exanple, f the burruns are bsedon (1) RAR (2 R,AR (3 RBR (4 RAR, only half the
daa ae wsedin making each comparisa, resuting in an @predable lossof sersitivity. Anather dsadvantge of he thame
onevariabe & a timée approac is tha a smple aerage of hesefour combinatonsdoesnot give equd weight to the aterra-
tives Thesematers illustrae important sttisticalprindples data geneated accading to a pope experimental desgn ae
usualy more informaive andeager to analyse

In his conduding paragiaphs Youden s&s: What sens nostinteresing to me is ha when meavring a fhyscal congant usudly
no dargesare mack in the vaialdes, or & mostin ore or tvo, as in he Gtava dudy Equdly dea is the fad tha when aother
invesigabr makes lis dfort, every conponent in the meauing ysem b dharged Relane is again placed ypon calibraion and vaious
corredbns. Nothing is cone alout the fad tha the esits obtained by dfferent nvestgabrs dsagree a gea deal nore than waild be
expeded h view of the papa’ esimaes of g/semdic eror usedby the nvestigabrs. It gopeas D be an & or nonesituaion. Everything
ges dhargedin anather laboraory. Almog nothing getschargedwithin a bloraory. This makes t imposdble to sngle ait and meaue the
sarrees d measung inacauracy. The epertfaced with fiding a kest valie is egdly in the dak. His role is nmore ke the man yidging
animak at a ourty fair than ha of a <ientst. And it would be so ag/ to improve o this gae d affairs.

In the dsaus$on on mgeHL151 overkaf tiken fom Youden three soucesof measung inacaurecy ae menioned. What ae they?
® Forwhat ources, othe thanmeasting do databecomeinaccurae?

Diagam () preents the esuts of a &zedle mllection of seriousattanptsto meaue the peed d light. From the nfor-
mation in he dagiam,exgain briefly wha do you mndude daut:
o the ‘bestvalue 6r point esimas); e the limits d error d this esimae

In diagram(b) overkaf ; pageHL151, the B valuesbasedon the geodmeter nethod €ode ‘G) are preadappoximatey uni-
formly overthe whde rarge of he 24 values,and the iree $ioran('Sh) resilts are4th, 19th and 22nd in order d magntude
What ondugon do yai draw abaut inacauracy esdatedwith the theay of thesetwo mehods of measting the peed d light?

In diagram(c) oveleaf o pageHL151, plan briefly why the diferencein the aerayesof the two gtsof 32 measwements
is more likely due b inaccuracythan toimprecsian.

In light of the dagiams overkaf o pageHL151 and the dsaus$on above,what reasor(s) do yau infer for tre fad tha different
invesigabrs dsagree ly more, ®mdimesfar more than her claimederrors?
® What cb you mndude éaut ‘pagpea’ esimates of inacauracy basedon expertjudgement Explain briefly.

6 Explain briefly the meamig d the bllowing tatements, viiichocaur in the £mndand hird paragiaphs abwee:
e theconparisonis fair in that it is not contaminated with clock a pressue inaccuracy,
o a smple aveage d these bur conbinations tes nat give eud weightto the aternatives

Explain wha Youcen ha in mind in his onduding satament; Andit would be so asy to imgrove o this date of dfairs
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