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Figure2.8a. DATA COLLECTING: Invegtigating Paper Thickness

In scienffic work the knack o esiimating tenths of a dvision on
salkes andnstument dals becmes ahostaubmatic. The way D
aauire tis abilty is to get sane pactice. We will now undetake
an nvestgaton ha will quickly reveal yaur il in readng sub-
divisions d a scak inteval. The nvestigatbn ha we ae © under
take is b measwe the hicknessof the mper wsedin ore of your
textbodks. Althoudh a sngle $hee of pager is nuch thinner than
the snalkest gak dvisions o a rler, a $mple procedure will male
it posdble for you © detemine he hidknessof the @per quite
predsdy. The pocediure casstsof readng the hidknessof a sack
of sheds d the mper and diiding the eadng by the nunber d
sheetdn the sadk. Imple as his pocedire gpeas, we will find
that it reveals quite a bt ebaut measung.

Prepae a brmfor recordhg the meauements Srangel enaugh
carefu meastements & sandimes o poarly recoraed eenby pro-
fessinal cientststhat rot eventhe experimentercan ntempret them
somemme later. A form witable for this experiment with spaes ©
enter four sepaate dsevationsis dovn in Takde 28al below
Note tha the brm identifiesthe investgabr, the ®urce d the daa,
and the de d the experiment @ obsevation Theseare character
istics of usdul forms.

Choose a lodk without insers or pecid paper First gpen the
bodk nea the kegiming and ako rea the end Hold the dack o
pagestogeher This is he sadk whaose hidknesswe will measte
with a wler markedoff in cenimetres and niiimetres We will est-
mae tenths of a nillimetre.

There ae a mmbe of detdls to dbseve erenin this smple inves-
tigation Readthe rumbes a the first mgeof the sad and tha on
the pagefacing the bd pageof the sad. Both numbers $auld be
odd The diferencebaween thesewo numbers is eud to the num-
be of pages in the sadk. Thss dfferencemustaways ke an gen

Table2.8a.1
Example of a form for keeping a record of measurements
Experiment to measure thickness of sheets of paper

Invesigabr: B.G. Date March B, 1981
obser-  pagenumber  pages sheets  dack thickness
vation at at in in  thickness per sheet
number front back dack  dack (mm) (mm)

1 67 387 320 160 rA4 Q0775

2 4 459 48 209 %.4 00785

3 23 49 526 263 200 Q0760

4 35 521 486 243 185 Q071

Total 0.3081

Average 00770

number Eac spaae $ee acoourts or wo pages, ® dvide he
number d pages by two to get he number d sheds. Enterthese
daa o the ecord orm.

Pinch the st firmly between thumband fnges axd by he ak
aaoss he aelge of he sadk. Measte the hidknessof the sadk and
recordthe reading. The dack will usualy be ketween one and two
cenimetres hidk; i.e, between 10 and 20 mm nillimetreg. Try to
esimae taths d a millimere. f this £ens too lad at frst, &
lesst esmate b the reaestonefourth (0.25) of a millimetre. Record
theserealingsas e&tdmads. For exanple, eord ¥ and an edinaed
onefourth o a dvision s 4. 25.

Measurements Do Not Always Agree

After you havemack the first meaurement dose the todk. Then
reopen t at a rew phace and recrd tre rew cata Make d leastfour
meastements Now dvide the eadng d the hidknessby the
number d sheds in the sadk. The quaient gves the hicknessof
oneshest d paper & a &dmd part of a nillimere. Wten this
division is mack for each meastement you will certanly find snall
differencesanong the quaients You have dismveed for yoursdf
that measwements mace on he same thing do not ayree reriedly.
To be are the number d sheds was targedfrom one neaste-
ment to the ext But that cbes not explain the dsageement n the
arswes. Certanly a gack o 200 $eds dould be pst twice as
thick as a tack o 100 fieds When he sad thicknessis dvided
by the nuber d sheds we $auld aways get he hicknessof a
singke ded.

It may be aguedthat dl four arswes in Tade 28al agree n the
first deimd place. Clealy, dl the arswes ae a ittle less han 008
mm. Thusary one d the eslts roundel of would gve us tis
arswer Why take fourrealing®

Justto take a pactical everyday reasn, consder the @per bisi-
ness Althoudh paper in bulk is ld by weight, mostuses ae dso
concenedwith the thicknessof paper and sze of the fied. Thick
pape will mean éwer $eds d a gven sze per wnit weight paid for.
A vatriation of & little & Q0L mm — the dfferencebaween 008 and
0.09 mMmm — would reduce tle rumber of sheds by nore than en
percent We reed o know the aswerto acne o two nore ded-
mal places In a guaion fke this, it is usud to obtain the aerae
of seved readings You sauld nate, however tha athouch repei-
tion donedoest ensureacairecy, it does help us bcateerrors.

Mary pegle ®am to fed tha thee is ®me nagi in the epettion
of meastements andha if a meastement & repeded fequenty
emoudh the final esdt will approach a"trué' value This is wha
sdenistsmean by acurecy.

Repoducedwith permisson from Experimentation and Measurement by W J Youcden, pp. 19-21
Copyright 1962, B85 by the NationalSdene Teaches Asdation,

1742 Connedicut Avenie NW, Wadington, DC. 20009

Cary out the procedure br measung paper thicknessusng a @urse ext(eg, Moore and McCabe); sd out your obseva-

tionsas n Tale 28al & the Eft above.

Give reagnsfor the dfferencesamong your four measuedvaluesof paper thickness
® Sugest apppriateways in whichthe dff erencesanong your valuescauld be educed n magniude
® Can ya e ay common chaacteistic(§ of your suggesions?

What is he easn r wsingdifferent front and ladk pagenumbers in the bur repettionsof the meauing poces®

Why is it a good dea to make the number d pages in the sad as large as easnally possble?
® \What fador(9 place aimit on how large this runber can ke made?
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If you wae © measte he hidknessof the sad with a more precise measting instument than auler, wha would be te
effed on the dfferencesanong the meawedvaluesof paper thicknes®
® How oould the dfferencese madce o disappear?

[ Youden sgs in the £oondlag paragaph overkaf ; page219: .... repetition alone doesrit ensure accuracy, (bud it does
hdp uslocate erors  Descibe ay othe reams br teking repeded neastements
® \When B it not possble to ke repeded neastement® Gve spedfic exanples d such studions.
® Explain whether epeded neaswments & wudly taken n sanple surveys like goinion pdls and political polls.
- Briefly descibe he onequenes d yourarswerfor the accuracy of poll results.
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