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Figure 4.7. ANALY SIS STA GE: Other Graphical Methods 2

Re l ationship of Mouth-Leve l Nicot ine Exposure to Time Int erval Between Cigar e tte s fo r: D.H.T.
[Sh ading sin each row show percent age of obs ervation sin each int e rval-expos urecatego ry; sha ding densit ies are pro por tio nal to percent age s]
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Back gro und: The dat adisplaye dpi cto ria l ly ove r leaf on pag e4. 27 were gat hered in the 1970s by Dr. J.C. Robin s onas one
part of a res earch proje ct, in the Dep artment of Statis ti cs and Actuarial Scie n ce at the Unive rsity of Wat e r loo, broadly con-
cer ned with the adverse health con seque n ces of cig arette smoking. The backg rou nd to the Que s tion to whi c h thes edata are
relevant is as fol low s : cigarette smoke is a mixture of thousands of chemicals, but a useful sim p lific ation is the bin ary cla s- sifi-
cation into tar and ni cotine, for which the ave r age lev els unde r defin ed laborato ry con d ition shave been, for many years in
Cana da, pub lis hed on cig arette package s. There is wid e spre ad agreement that the nume rou sadve rse health effects of cig arette
sm oking are associat e dprim arily wit h chemicals in the tar, whe rea sthe nicotin e is the main rea son for the ‘addictive’ nature of
cigarette smoking. An impor tant Que s tion was whi c hof the fol low ing two strategie sis more promisi ngas part of gov ernment
ef for ts to reduce the adverse health con seque n ces of smoking in the Canadian popula t ion.

* Promot e ma n ufacture of cig arettes wit h lo wer nicotin e delive rie s , to reduce thei r ‘a ddictive’ nature – the dange r is that if
in d ivi d ual smoke rs smoke to att ain a giv en blood nicotin e leve l, this strategy cou ld lea dto increa s ed tar int ake and an
in cre ase in adverse health effects.

* Promot ema n ufacture of cig arettes wit h high er nicotin e delive rie s ,so that smoke rs cou ld att ain a giv en blood -nicotin e leve l
with lo wer in take of tar and, henc e, a reduction in adverse heath effects – the dange ris that hig h nicotin ecigarettes mig ht be
mo readdictive and hence lea dto a hig her incid e n ce of smoking and its adverse health effects.

To decid ebetween thes etwo strategie s ,it was useful to gat her dat aon how indivi d uals smoke dwith respect to nicotin e in take.
A way of mea s uring mouth-lev el nicotin e in take was base don the fact that the filt e r in the tip of a filter cig arette ret ain sa rea-
sonably con stant pro por tio n of the nicotin e that passes throu gh it as the smoke rdraw son the cig arette; thu s ,the nicotin econ-
tent of the filt e r prov ides a measure of how much nicotin ethe smoke r inhaled from that cig arette.

To obtain the data for the display shown ove r leaf on pag eHL28.1 (which is for on e sm oke r, identifie d by the letters D.H.T.),
Dr. Robin s onand his res earch team identifie d sm oke rs who woul d ag ree to do the fol low ing :

• be prep are dto smoke, for a number of days ,a cig arette brand wit h a lo w nicotin edelive ry and, for another per iod of sim ilar
le ngt h, a brand wit h a high delive ry – thes etwo brands of cig arette were custom made for the inv estig a t ion;

• re co r d, on a speci al card provi ded by the res earch team ,the tim eof day at whi c heach cig arette was smoke d;

• mark each cig arette butt wit h an appro priat eid e n tifier whi c hwa salso reco r ded with the tim eon the card;

• save all their butts each day in a con taine rfo r the dur ation of the inv estig a t ion.
The tasks of the res earch team were to col lect the con taine rs of butts from each par ticip ating smoke r, dis s ect out the filt e r fr om
each butt and then measure its nicotin e cont ent. It is cle ar that obtaining the data for eve non e sm oke r (a sin the display ove r-
le a f, whi c his base don 320 low deliv ery and 321 hig h delive ry cig arettes smoke dby D.H.T.) repre sents a sub stantia l co mmitment
of exper tize and resou rces. Ove ra per iod of about two years, 20 or so smoke rs par ticip ated in this par tof the res earch proje ct.

Each qua drant of the display ove r leaf shows the dist rib u tio n of mou t h-lev el nicotin eex pos urein ter ms of the lengt h of the
time int e rval bet ween cig arettes; the upper two refer to the cig arette befo re an int e rval and the lowe rtwo to the cig arette after.
The left-hand half of the display is for the low nicotin e delive ry brand and the rig ht-hand half for hig h nicotin e delive ry. If a
sm oke r is smoking to att ain a par ticular blood nicotin e leve l, we wou ld expect to obs erve increa sing mou t h-lev el expos urewith
in cre asi ngtime bet ween cig arettes – the are as wit h dark er sh ading in the lowe rhalf of the display shoul d be shifted to therigh t
co mpare dwith the cor responding par t of the upper half; for smoke r D. H.T., this does not appear to be the case. Fur the r, it is
notewo rthy that the low and hig h nicotin edelive ry halve sof the display appear si miliar in mou t h-lev el nicotin eex pos ure– that
is , fo r sm oke rD. H.T., the re is lit tle tendenc yto obtain ahigh er dose of nicotin e fr om the hig h delive ry brand . Thus, thes edata
sugg est a strategy of increa sing nicotin e leve ls while reducing tar; howeve r, dat afr om other par ticip ants in the inv estig a t ion
sh owe dthe beh aviour of D.H.T. wasnot typi c a land reducing both tar and nicotin e leve ls is actually prefe r able. [Proper vis u al
gr a dation among the sha ding sin the display ove r leaf requi re sa print e rin good con d ition; als o, gradation quali ty may deg rade
un d er the pos t scr ipt-to-pdf conve rsi on process and unde rphotoco pyi ng of the display.]

NO TE: In the book The Vis ual Display of Qua ntita tive Information (Graphi cs Pre ss, Cheshi re, Conne cti c ut, 1983) Edward
R. Tufte giv es (p. 51) the fol low ing five hallmarks of grap hical exc e lle nce:
−− it is the wel l-desig ned pre sent ation of interesting infor mation – a matt e rof subs t ance, sta tis tics anddesign;
−− it con sis t sof complex idea sco mmu nicated with cl arity, pre c isi on andef fici ency;
−− it giv es the vie wer the gre atest number of idea sin thesh ortes t ti m e with the le ast ink in thesm alles t sp ace;
−− it is nearly alw ays multivariate;
−− it requi re stelling thetruth abou t the dat a.
Mo re gen erally, thes est atements shoul d be the goa ls of all data pre sent ation and analys is.

Even from the sum mar y give nabov eof Dr. Robin s on’s inv estig a t ion, it is cle ar that a number of pr act i cal diffic ulties have
signific a n tsta tis tical im p lication s; discus sthes ediffic ulties and their implication sconcis ely unde rthe hea ding s:

• study er ror; • sa m p le er ror; • measurem ent er ror.
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