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Figure 2.5b. SAMPLE ERROR : Inve stigating Coin Weights

The problem of getting good mea s urements and finding ways to
des cribe them con cis ely has been our chief con cer n in the pre c e ding
chapt e rs. Only indirectly has the re been any sugge s tion that the re is
so m etim e s a problem of picking repre sent ative items to be sub jected
to measurement. In Chapt e r 4, to det e rmine the homog eneity of the
magn esium alloy, we test e d 50 spots on five bars chosen from 100
bars. Was this a fair sample? We omitt e d any referenc e to the que s-
tion of whether the 923 gasoli ne pumps cou ld be con sid ere d an ade-
qu ate sample of the total col lectio n of pumps in the cou ntr y. Tak ing
a large number of items does not guarant e e ge tting a repre sent ative
sele ction of the whole sup ply or popula t ion. Many inv estig a tors hav e
fo und this out the hard way.

Befo re tackling the gen eral problem of how to get a good selection
of items for mea s urement, let us inv estig a te a speci al case. You r au -
thor went to the bank and got two rol ls of newly min ted, 1984 or
la ter, copper-zi nc alloy pennies. For the moment, let us accep t with-
ou t argument that thes e 100 coi ns giv e an adequ ate picture of the
coin s mint e d du ring the work per iod in whi c h they were made. Un-
doubtedly the coi ns accumulat e d in a big tray and got mixe d up in
the process. The re is a speci fi ed weight for cents, toge the r with le-
ga l tole r anc es fo r minimu m and maximum weight of a coi n. The
nominal weight in Sep tember 1984 was 2.51 grams, wit h a per mit-
ted tole r anc e of 0.1 grams above and bel ow the nominal weight.

The problem was to det e rmine whether or not this sample of 100
pennie s fe ll wit hin the per mit ted tole r anc e of 2.51± 0.1 grams. To
do this inve s tig a t i ng you r au t hor had acces s to a ver y fin e bala n ce
that cou ld be rea d to the millionth part of a gr am . Su ch pre cisio n
wa s qu ite unnecessar y. The weights were recorded to tent hs of a
millig ram; that is, to the fou rth place of decim als. Eve n that was re-
ally unnecessar y. Weights to the neare s t millig ram woul d have been
qu ite good enoug h. Why?

The actual weights of the coi ns var y ov er a range of abou t 250
millig rams. Weighing to the neare s t millig ram woul d surely be good
en oug h si nce the weighing error cou ld, at mos t, ext end the range of
actual weights by only a mil lig ram or two in 250 mil lig rams. The
weights are correct to fou r places of decim als. How do we know
that? If we reweighed the 100 coi ns usi ng any other fine balanc e ca -
pable of weighing accur ately to six decim al places, we wou ld get ex-
actly the same weights ove r ag ain out to fou r de cim al places. The
possib i lity of a con stant error com mon to all weights was eli min ated
by check ing the balanc e with a standard weight.

All the above det ail is directed to est ablis h that the obs erved scatt e r
of the weights is not a res ult of errors in weighing. The measurement
er ror is nil for this inve s tig a t i ng. An effor t to deter min e whet her the

weights of the coi ns do or do not confor m to speci fi cation must de-
pend on exa m ining a number of coi ns. For this purpose we need a
bala n ce good enoug h that a coi n will not be called outsi de the tole r-
anc e li mit becau se our weighing int roduces addit ion a l scatt e r in t o
the res ult s. There is no mea s urement error in the weights as recor-
de d. The variation among the weights fou nd is a pro per ty of the
coin s, and in no way reflects measurement error.

The indivi d ual weights are giv en in cla s s in ter vals of 20 mil lig rams
fo r each rol l of coi ns. Thes e are displaye d in Table 2.5c.1 in Fig ure
2. 5c. A gla n ce at the totals in the last colum n sugg ests that the ac-
tual weights of the coi ns are dis tributed among the cla s s in ter vals in
ve ry much the same manne r as are the measurement errors on one
obje ct such as the paper thicknes s mea s urements.

When the coi ns themselves were arrange d in colum ns cor respon-
ding to the cla s s in ter vals, they for med a his t ogr am that is indistin -
guis hable from that in Fig ure 2.7b. We hav e he re not 100 crude
mea s urements on one obj ect, but one ver y careful mea s urement on
each of 100 obj ect s. Nev erthele ss, the 100 res ult s are dis tributed in
the same for m as the nor mal law of error.

.....

We delaye d answe ring the que s tion as to whether thes e 100 coi ns
are complet ely repre sent ative of the popula t ion of newly min ted
cents. The chances are ver y good, of cou rse, that the coi ns are rep-
re sent ative of some rat her sho rt int e rval in the total annu al produc-
tion of cents. If we desire to repor t on the cents mint e d in any year,
we shoul d plan to put asi de a few coi ns from each day’s wor k.
Thes e coin s sh oul d be tho rou ghly mixed and a suf fi cie n t number
draw n fr om the col lectio n. The coi ns are enoug h alike that the re is
no dange r of bias or int entio nal selecting, eit her for thos e go ing into
the col lectio n or for thos e draw n fo r weighing.

Coin s are easy to set asi de and mix tho rou ghly. Howeve r, the re
are many cases in whi c h it is phy sically impos sib le to do this. For
ex ample, bales of raw wool weigh seve r al hun dre d kilogr ams, and
there may be hun dre ds in a shipment. Custom dutie s are assesse d
on the basis of the percent of cle a n wool in the shipment. As the
bale s vary con sid erably, it becomes necessar y to sample the ship -
ment by tak ing two or more cores from each of a number of bales.
Econ omy of effor t requ ire s that no more bales be sampled than is
ne c essar y to obtain a satisfact ory estim ate of the percent of cle a n
wool in the entire shipment. We hav e alrea dy learned one way to
sample fair ly. The bales may be marke d 1 to −N. Then −N cards are
numbered 1 to −N. If n bales must be sampled, n cards are drawn
fr om the carefully shuf fled pack.

Re produ c e d with per mis sio n fr om Exper imenta tion and Mea surem ent by W. J. You den, pp. 78-82.
Copy rig ht 1962, 1985 by the Nation a l Scie n ce Teache rs Association,
1742 Conne cti c ut Ave n ue N.W., Washington, D.C. 2009

Ne ar the end of the first parag raph, You den stat es: Ta king a  lar ge number of ite ms does not guara ntee getting a represe nta-
tive sel e ction of the whole .... popu lation. What are the advant age(s), if any, of a large sample?

• What are the disadvant age(s)?

1

Explain why You den mentio ns that the coi ns .... got mixed up .... in the discus sio n in the secon d paragr aph.2

Yo uden stat es in the thi rd parag raph that the balanc e he used to weigh the coi ns .... cou ld be rea d to the millio nth part of a
gr am. Exp lain brief ly what this statement implie s abou t the balanc e’s :

• accur acy; • precisio n.

3

Explain the meaning of the stat ement in the fou rth parag raph: The weigh ts are cor rec t to fou r places of deci mals.

• Is this statement true? Exp lain briefly.

4
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Explain briefly why You den gav e the res ult s se p ara tel y in Table 2.5c.1 in Fig ure 2.5c on pag e 2.43 for the two rol ls of 50
coin s, ins tea d of giv ing only the last colum n fo r all 100 coi ns?

5

Explain why, in the sev ent h paragr aph, You den descr ibes the his t ogr ams in Fig ure s 2. 5c and 2.7b as in dis tingu ishable, when
this does not appear to be the case.

6

In the eig hth parag raph, You den stat es: .... we shoul d plan to put asi de a few coi ns fro m ea ch day’s wor k. Exp lain brief ly
the rea son for this sugge s tion.

7

In the last sent enc e of the eig hth parag raph, You den stat es that se lec ting bia s is not a problem when sampling the coi ns.

• Are the re sampling situation s where selecting inaccur acy is a con cer n?

−− if Ye s, des cribe two cases;

−− if No, exp lain why.

8

Yo uden stat es in the last parag raph: We have alrea dy learned one way to sample fai rly. Exp lain the meaning and sig n ifi-
canc e of the word fairly in this con tex t.

9

Yo uden descr ibes two sa m p ling situation s – coi ns and bales of wool.

• Which is the more di fficult un it to sample?

• Describe the fa ctor s which make the unit you choos e the more diffic ult of the two.

−− Which of the two situation s (c oin s or bales of wool) will lea d to less precis e estim ate(s)? Exp lain brief ly.

10

How did You den addre ss the pos sib le inaccurac y of the coi n weights?

• Did this procedure el imi nate mea s uring inaccur acy in the weights? Exp lain briefly.

• Explain briefly whether this procedure wou ld always be appli c able for dealing wit h mea s uring inaccur acy.

11
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