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Figure 2.7 a. MEASUREME NT ERROR : Inve stigating Paper Thickne ss

In scie n tific wor k the knack of estim ating tent hs of a div isi on on
scales and ins trument dials becomes almos t au tomati c. The way to
acqu ire this ability is to get some practic e. We wil l now unde rtake
an inv estig a t ion that wil l qu ickly rev eal your skill in rea ding subdivi-
si ons of a scale int e rval. The inv estig a t ion that we are to unde rtake
is to mea s ure the thi cknes s of the paper use d in one of you r text-
books. Alt hou gh a single she et of paper is much thinne r than the
sm allest scale div isi ons on a ruler, a sim p le procedure wil l ma ke it
possib le for you to det e rmine the thi cknes s of the paper quite pre -
ci sely. The procedure consis t s of rea ding the thi cknes s of a stack of
sh eet s of the paper and divi ding the rea ding by the number of she ets
in the stack. Sim p le as this procedure appears, we wil l fin d that it
reve a ls quite a lot about mea s uring.

Prep are a for m fo r re co r ding the measurements. Strang ely enoug h,
careful mea s urements are sometimes so poorly recorded eve n by pro -
fe ssi onal scie n tis t s that not eve n the exper iment e r can int e rpret them
so m etim e la ter. A fo rm suitable for this exper iment wit h sp aces to
ent e r fo ur sep arate obs ervation s is shown in Table 2.7 a.1 bel ow. Not e
that the for m id e n tifie s the inv estig a tor, the sou rce of the data, and
the dat e of the exper iment or obs ervation. Thes e are charact e ris ti cs
of useful for ms.

Choose a book wit hou t in ser ts or speci al paper. First open the
book near the beginning and also near the end. Hol d the stack of
page s toge the r. This is the stack whose thi cknes s we wil l mea s ure
with a ruler marke d off in centim etres and millim etres. We wil l esti-
mate tent hs of a mil lim etre.

There are a number of det ails to obs erve eve n in this sim p le inv es-
tigation. Rea d the numbers on the first pag e of the stack and that on
the pag e faci ng the last pag e of the stack. Bot h numbers shoul d be
odd. The differenc e between thes e two numbers is equ al to the num-
ber of pag es in the stack. This differenc e mu s t always be an eve n

number. Each sep arate she et accou nts for two pag es, so div ide the
number of pag es by two to get the number of she ets. Ent e r thes e
data on the record for m.

Pinch the stack firmly bet ween thu mb and fing ers and lay the scale
across the edge of the stack. Mea s ure the thi cknes s of the stack and
re co r d the rea ding. The stack wil l us u ally be bet ween one and two
centim etres thi ck; i.e., bet ween 10 and 20 mm (millim etres). Try to
estim ate tent hs of a mil lim etre. If this seems too hard at first, at
le ast estim ate to the neare s t on e-fou rth (0. 25) of a mil lim etre. Record
thes e re ading s as decim als. For exa mple, record 14 and an estim ated
on e-fou rth of a div isi on as 14. 25.

Me asurements Do Not Alway s Ag ree

After you hav e ma de the first measurement, clo se the book. Then
reopen it at a new place and record the new dat a. Make at lea st fo ur
mea s urements. Now div ide the rea ding of the thi cknes s by the num-
ber of she ets in the stack. The quotient giv es the thi cknes s of one
sh eet of paper as a decim al par t of a mil lim etre. When this div isi on
is made for each mea s urement, you wil l cer tainly find sma l l differ-
enc es among the quotients. You hav e discov ere d fo r yourself that
mea s urements made on the sa m e thing do not agree per fectly. To be
sure, the number of she ets was change d fr om one mea s urement to
the nex t. But that does not exp lain the disagreement in the answe rs.
Certainly a stack of 200 she ets shoul d be just twic e as thi ck as a
st ack of 100 she ets. When the stack thi cknes s is div ide d by the
number of she ets we shoul d always get the thi cknes s of a single
sh eet.

.....

It may be argue d that all fou r answe rs in Table HL39.1 agree in the
first decim al place. Cle arly, all the answe rs are a lit tle less than 0.08
mm. Thu s any one of the res ult s roun d ed off wou ld giv e us this an-
swe r. Why take fou r re ading s?

Ju s t to take a practical eve ryday rea son, con sid er the paper busi-
ness. Alt hou gh paper in bul k is sol d by weight, mos t us ers are als o
conc e rne d with the thi cknes s of paper and size of the she et. Thick
paper wil l mean fewer she ets of a give n si ze per unit weight paid for.
A variation of as lit tle as 0.01 mm – the differenc e between 0.08 and
0.09 mm – wou ld reduce the number of she ets by more than ten
perc ent. We need to know the answe r to one or two more decim al
places. In a situation like this , it is usual to obtain the ave r age of
seve r al rea ding s. You shoul d note, howeve r, that alt hou gh repeti-
tion alon e doesn’t ens ure accur acy, it does hel p us locat e er rors.

Ma ny people seem to feel that the re is some mag ic in the repetit ion
of mea s urements and that if a mea s urement is repeated frequ ently
en oug h the final res ult wil l ap proach a "t rue" value. This is what
scie n tis t s mean by accur acy.

Ta ble 2.7 a.1

Example of a form for keepi ng a recor d of measurements

Experiment to measure thickness of sheet s of paper
Inve s tig a tor: B.G. Dat e: March 16, 1981

obser- page number page s sh eet s st ack thickne ss
vat ion at at in in thickne ss per sheet

nu mber front back stack stack (mm) (mm)

1 67 387 320 160 12.4 0.0775
2 41 459 418 209 16.4 0.0785
3 23 549 526 263 20.0 0.0760
4 35 521 486 243 18 .5 0.0761

0. 3081

0.0770

To tal

Av erage

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. 19-21.
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. 20009

Carry out the procedure for mea s uring paper thicknes s using a cou rse tex t (e.g., Moore and McCabe) ; set out you r obs erva-
tion s as in Table 2.7 a.1 at the left above.

1

Give rea son s fo r the differenc es among you r fo ur mea s ure d value s of paper thicknes s.

• Su gge s t ap pro priat e ways in whi c h the differenc es among you r value s coul d be reduced in mag n itude.

• Can you see any co mmon charact e ris ti c(s) of you r sugg estio ns?

2

What is the rea son for usi ng di ffere nt fr ont and back pag e numbers in the fou r repetit ion s of the measuring process?3

Why is it a good idea to make the number of pag es in the stack as large as rea son ably pos sib le?

• What facto r(s) place a lim it on how large this number can be made?

4
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If you were to mea s ure the thi cknes s of the stack wit h a more preci se mea s uring ins trument than a ruler, what wou ld be the
ef fect on the differenc es among the measure d value s of paper thicknes s?

• How cou ld the differenc es be made to disappear? Exp lain briefly.

5

Yo uden says in the secon d la st parag raph ove r leaf on pag e 2.49: .... re pet it i on alon e do esn’t ensure accurac y, (but) it does
help us locate error s. Des cribe any oth er re asons for taking repeated mea s urements.

• When is it not possib le to take repeated mea s urements? Giv e specific exa mples of such situation s.

• Explain whether repeated mea s urements are usually taken in sample sur veys like opi nio n polls and poli tical pol ls.

−− Br ief ly des cribe the con seque n ces of you r answe r fo r the accurac y of pol l re sul ts.

6

1995 -04 -20


