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Far criticism, 
lrst t o  pibuah 

Scope of this paper. F i r s t ,  what i s  sampling? Interpretation of an 
observation is a problem of sampling. In professional statistical practice 
we make sure in advance that the dbservatians planned w i l l  be u s e m  in the 
judgmRnt of the man that w i l l  pay the bill. S a q U n g  i s  the science and 
art of planning the observatians and of malting calculations based on them 
and on other information t o  be as helpful as possible, within an Uawable 
budget, t o  the man that w i l l  use the results. 

!l!Us paper w i l l  mention sane of the practical problepzs of sampling that 
are not in the books. I& purpose in writing the paper i s  t o  t ry  t o  contri- 
bute samething t o  the imprmement of statistical practice. Treatmat of the 
variaus topics w i l l  be lop-sided--heavy on topics that are gemrally misunder- 
rrtood, li&h on others, c w t e  amission of sane. 

A course in sampling i s  not the aim here. One can learn the theory fran 
the right books. All that it requires i s  t o  devote several years t o  self- 
study or t o  classes. The next step i s  to  work 3 to  5 years under a master. 
'Phe m a t e r i a l  and administrative restrictions in practice change from one web- 
l e m  t o  another. To understand what theory t o  use and how to  &pt it t o  a 
problem, t o  be able t o  create new theory as required, and haw t o  explain the 
results of a study in a w v  that w i l l  be helpful t o  the man that w i l l  use the 
results i s  n& i n  the books. One reason is that these things are hard t o  
write about;. Success i n  statisticaL work i s  theory plus creative arb, and 
the abil?t;y t o  understand the problems of the man that w i l l  try t o  use the 
results. 

The *st questiun t o  ask, when a &atistical irrvestigation i s  proposed, 
is this: can yuu get &an aay uni t  i n  the frame (person, hausehold, f m ,  
business eateLblishment, piece of product), no matter how yuu select it, the 
Marmation that you r e w e ?  If the answer is  yes, then ask a second question: 
if you were t o  e l ic i t  the desired hformation *an every unit in  the frane, 
wuuld the canpilation of results be usefhl? If the answer i s  yes t o  buth gues- 
tions, then a statisticaJ. imestigation might be worth  coslsideration. If the 
answer t o  either question is  no, then take a secooldlook: revise the aims, or 
the method, or abandcm the survey. 

- - -- -- -.- -- - 

The difference between a statistical investigation and one not statis- 
t ica l  i s  that with the sh t i s t i ca l  investigation, we are able, in the end, 
t o  evaluate the main sources of uncertainty in the results. The more we 

lmcm abazt whaf i s  wrong w i t h  a figure, the more use= it becanes (J- 
Tukey; ar for illustraticm, almost aby paper on experimental pbysics ar 
chemistry). We often learn more, fran what went wrong in an experhnt  than 
fran what went right (Paul olmtead). Ability t o  evaluate the uncertainties 

* Prepared for presentatian and criticism for the Princeton Conference on 
Applied Statistics sponsored by the Metrupolitan Section of the ASQC and the 
R-incetan Bicrpharmrrceutical Wbsection of the American Statistical Association. 
Revised for the PaBtimd. Conference of the St&tistic&l R e p d i n g  SerKke, 
Washingban, 18 February 1975. 



i n  a result i s  not an accident. It i s  possible only by use of appropriate 
s ta t is t ical  design, which w i l l  include s tat is t ical  controls for the detection 
of blemishes and blunders i n  the measurements, interviews, and processing, to  
be i n  position t o  evaluate the possible effects on the results that arise fran 
the chief sources of nonsampllng errors. 

The theary of sampling, besides uses i n  demographic, social, and medical 
surveys, marketing research, the s ta t is t ical  control of q-ty, accounting, 
bas applj.catian i n  marly other wa;ys. Thus, the theary of failure, average 
l i f e  of ccnnplex equipnent, theory of relia;bility, design of experiment, opti- 
mnmn policy of maintenance, queueing theory, optimun policy of Inventory, are 
all appllcatims of the sane body of theory. The stat is t ical  c m ~ o l  of qua;L- 
i t y  &races application of all k n m  s t a t i s t i c d  theory. 

Probability methods of m i n g  are now required for s ta t is t ical  evidence 
preserrted t o  the Interstate Ccxnerce Cammission and t o  the Federal Ccernnunica- 
tions C d s s i a n ;  perms also t o  other agencies. 
-- - - - - - --- 

Mearrofbile, i n  contrast, same government agencies and most of industry 
and most marketing research conrpanies muddle along. I could, f h n  my own 
observations, write a chapter of horrors about disappointments enti financial 
loss that  could only be blamed on t o  results derived frcm bad sarriples. Can- 
panies that have capetent statisticians usually fail t o  make use of them 
caqmy-wide. The world-shortage of food that we read about in every new- 
pager these days  is  attributed by Milton Godfrey * t o  failure a t  top levels 
of gmrnment in several ccnxntries t o  understand the rudbsnts of agtimrrm 
policy of inventory-management. There are certain t o  be f a t  yews followled 
by lean years. Not every year ccunes up t o  the average. To cut the acreage 
of wh6at following a surplus i s  t o  reinforce the erm>lrtude of t;he n a M  
variation of climate and. environmental f a c t a s .  

Statist ics are a basis for action. Any investigation i s  for purposes of 
action. To ac-e new knowledge i s  t o  take action t o  modif'y existjng know- 
ledge. One can not s- store new knowledge, t o  retrieve it later.  

CWXLenges face statisticians today as never before. The whole world is  
talking abcrut sa9ety in  mechanicd and electrical devlces (in &amobiles, for 
exaxnple) , safety in drugs, reliabiltty, due care, pollution, p m r t y ,  nutrition, 
Smpr-t of treatments in medicine and in agriculture, imprwemnt i n  q a t y  
of product, break-down of s e d c e  for purchased eqyipent and far rented equip- 
ment, tardy busses, trains, @ -, need for greater output i n  industry and 
i n  agriculture, enrickrment of Jobs. The consumer requires mmth by manth ever 
greater asd greater safety, and he expects better and better performance of 
manufactured articles. The manufacturer has the same problems i n  his  purchases 
of materials, assemblies, machines, and use of manpower. He must ,  In addition, 
know more and more about his own product. 

These problems can not be understood and can not even be stated, nor can 
'1 

the effect of say solution be evaluated, without the aid of stat is t ical  theory 
and methods. The only knowledge that has meaning, whether far business or for I 
legal purposes, i s  statistica.l. One can n& even define o p e r a t i w  reliable, 
s e e ,  polluted, unempluyed, on tw (arrivals), equal (in size), round, randoan, I 

t ired,  red, green, or any other adjective for use i n  business ar i n  g I 
9 

except in stat is t ical  te-. A standard (as of saf'ety, far example), t= I 

i 6  
Mlton oodfrey, "Future challeages," address t o  the New York Chapter of 

the h r i c a n  Statist ical  &sociation, 14 Nov, 1974. 



any benefit t o  mankind, or i n  fact  t o  have legal  force, must specify the capa- 
b i l i t y  of the performance of prototypes or of items i n  a c M  service. Per f~ :~ -  
ance and capability can be deflne? on1,y i n- s t a t j  ~t ic0 ,7  A otm&.rri t h ,  ' 
aarl not be beflned i n  at;atistioal tcms 1s no standard tit ELU. 

The label  on a blanket reads "50 per cent wool." Whae does this mean? 
IEalf wool, on the average, over this blanket, or haLf wool over a month's pro- 
duction? What i s  haU wool? Half by weight? If so, a t  what humidity? By 
what method of chemical q s i s ?  &,n.maqf -wses?  The bottom half of the 
blanket i s  wool and the top half i s  samething else ., Is it 50 per cent wool? 
Does 50 per cent wool mean that there must be sane wool in any randm cross- 
section the size of a half dollar? If so, how many cuts shall be tested? How 
select them? What criterion must the average satisf'y? And how much vasiat im 
between cuts i s  ~ s s i b l e ?  Obviously, the meaning of 50 per cent wool can 
otily be stated in s ta t i s t i ca l  terms. Mere words i n  English, French, or Japanese 
a nut suff%ce. What mans 8 6  butter fat i n  the butter that you buy? 

Wha.t i s  due case in  manufacture? The anly possible answer i s  in s ta t is t icd .  
tenns. !I!he m n s t  that  a manufacturer can put in to  the uniformity and dependabil- 
i t y  of a devltce i s  (a) t o  achieve and maintain s ta t i s t i ca l  control of the most 
hprtant qld . i ty -charac~i8 t ic  of the m a i n  ccarrponents and in@?edients, and (b) 
t o  be able t o  demonsbrate by adequate s t a t i s t i ca l  records the results of his  t e s t s  
and controls, along with action taken on special causes and on ccuumon causes, and 
sta, t is t ical  evidence of the results. Englneering judgment, not s ta t i s t i ca l  t h ~ o r y ,  
must spec* what qpUty-chaza&eristics are important. 

lh spite of s c ~ o u s  care and intelligent use of s t a t i s t i ca l  controls, S t  
i s  inevitable that  a defective ih wCU get out now and then. An unfortunate 
freak of this ldnd can nut be viewed as prima facia evidence of carelessness. 
Rmitive action shcniLd be dlrected against fai lure of the process and -st 
lack of s t a t i s t i ca l  evidence in regard t o  it, not against the Freakish de fec t i~ :~ .  

The manufacturer will of c m s e  stand behind any warranty for  s t r i c t  liabil- 
ity. Does a physician practice under conditions of s t r i c t  l i ab i l i ty?  How cm%d 
he? What about s t a t i s t i ca l  practice? 

The distinction between enumerative and a n m i c  studies (vide inf"ra) , if 
explained patiently by stat ist icians t o  the legal  profession i n  industry and in 
guvernment, wauld clear up many problems abuut safety and re l iabi l i ty ,  eventmUy, 
I darre say, even mal-practice in medicine. 

S ta t i s t i ca l  inference, t o  be effective, must interpret results as a basis 
f a r  action. Drastic changes in practice and in writing and in teaching are called 
for. A s  sheubrb said, the standmd of knuwledge and the reqwlrements of work- 
manship i n  i n b s t r y  and In public service are more severe than the knowledge re- 
quired in pure science. He aught t o  have added teaching along with pure science. 

It i s  t5ne that stat ist icians became involved with problems, even if the 
know2edge and fortitude required for  s t a t i s t i ca l  practice are more exacting tbm 
fm -. 



The Framre, the universe, environmental conditions. A stat is t ical  study 
proceeds by inmstigatiun of the material i n  a frame.+ !lhe Arame is an 
aggregate of tangible p2l0caicrrl units of sane kind, any or a3J. of which m a y  
be selected snd Investigated. The ilramb maJr be lista of people, amaa, aatab- 

li8bments, materials, m t u r e d  parts, q Other identifiable units that 

wwld yield u s e m  results i f  the whole content were investigated. EqaUy 
important in an amQrtic problem (vide infra) i s  the speciflcaticm of the 
emriranmerutaJ conditions such as the season, climates, rainfall, levels of 
l ight,  radiation, fer t i l izer ,  ranges of concentration, dosages, duration of 

- -  
the test, pressures, temperatures, speeds, voltages, or other stresses that 
ths malaria3 ar prOdl;lCt w i l l  be mbjected t o  in the ~ M m  

Steps in the design 00 a study. The following steps refer t o  studies 
inconsumarmsemch. Thereadermayadapttheatohis awnfield. 

1 .  Satisfactory re-statement of a problem, and formulation thereof i n  
meaningAil terms (s ta t is t ical  mobel), so that a s tat is t ical  investigation 
w i l l  yield as mch useful Infoamation as reasonably possible within allowable 
costs and within the fr-k of skills and of other resaurces that are 
a W b l e .  

2. Specification and preparation of a suitable fram for sampliing ( l i s t s  
of areas, business establishments, peuple, items, or other units, range of' 
temperature, coazcentration, speed, etc.). 

3. Statement of the rangles of climate, soils, dates, stress, length of 
time, that the study is  t o  ccreer. 

4. Specification of the procedure for the selection of a suitable number 
of sarapling units for investigation (invariably w i t h  randan numbers; sunetimes 
with stratification, scmetbes w i t h  cclnplex smpllng units and Fractimal prob- 
abilities). The sampUmg procedures contain rules for recaUs on people that 
were not a t  hane on previaxs attempts. 

5. The formula ocr procedure for the formtion of estimates, appropriate 
t o  the procedure of selection. The centrd. problem in the theory of sampling 
is the design of procedures for selection and estimation so as to nraYtm.fze the 
mount of information per unit cost, within m y  restrictions imposed. 

6. The formula or procedure for the formation of standard errors, t o  
measure the margin of uncertainty that arises fran variability in the material 
and *an variable performance of the investigators, coders, punchers, and other 

7. btsi(p stati8tIcal corrk.als (more later) 

-- t o  assist  supsuperrision by detection of non-unifmu 
performance i n  the f ie ld and in the of'f'ice. 

* First  defined, without use of my specific term, by F . F . Stephan, 
American Sociological Review, vol. 1 , 1936: pp. 569-580. 



-- t o  detect and evaluate nonsampling errors, 
eapeciaUy persistent operatioazal blemishes 
of hmsbigatars, coders, punchere, and 
ather workers. 

After the survey i s  finished, canes the interpretation of the results.  
This wlll be a report intel l igible t o  the user of the data. Uppkr or lower 
f l d u c i d  limits, or both limits (depending on the problem), and thei r  inter- 
pretaticm may be important, provided the execution of the survey Bid not 
dep& too far From specifications. It is  equally important t o  take into 
a c c m t  possible uncertainties that  cwld  arise frm persistent or large ac- 
cidental aperational blemishes detected in the s ta t i s t i ca l  controls, or 
otherwise. !Che business of fiducial Umits i s  s ta t i s t i ca l ;  likewise the sta- 
t i s t i c a l  plan for  the detection of operationdl blemishes i n  the s ta t i s t i ca l  
controls. However, the evaluation of blemishes so detected is  not entirely 
s ta t i s t i ca l ,  but must depend heavily on knowledge of the subject-matter. For 
example, the nonresponse in  a survey was 2@; what possible biases may one 
at tr ibute t o  nanrespcmse? The s ta t is t ic ian can be of inestimable help t o  the 
expert i n  subject-matter by shielding h i m  against unwarranted conclusions. 

Inkerpretation of s ta t i s t i ca l  t e s t s  i s  one of the most d i f f icul t  parts 
of st tLtist ica wmk, and the methods described i n  s ta t i s t i ca l  books under 
estbaticm and t e s t s  of significance are woeFully inadequate. A g a i n ,  pencil, 
and paper axe the chief tools of e s i s .  

!Qp I. Structural Umitatims, ar built-in deficiencies 
of the wst ionna i re  ar method of measurement 

- --  --- - 

1. FaUure t o  perceive i n  a d m e  what Infaanation would be use-. 
Failure t o  e l i c i t  infomation that, in the end, turns at t o  be needed badJy. 

2. U e p k  wording or sequences of qpestions. 

3. Inept choice of f'ranae (area, list, hospital, manufacturing plant) . 
4. Unfortunate choice of date or of other ewira~heneal  conditions for 
survey. 

5 .  l h f f ec t ive  rules far coding. 

6 .  Ineffective tabulatians, such as  classifications and class iate-s 
not well suibd t o  the consumsr's needs. 

7. Bias arising from wrw weighting, ar fran incorrect adjustment. 



Type II. Operational blemishes asd blunders 

8. 8asll errors of s m-canoelJ.hg nature (s .g . , cmiraiar of a 
s- unit; inshvmant art of adjustment). 

9. Brei8tent favor of an invest-tar toward ane directicm, causing 
an operatltnml bias. 

10. Large errars, such as a sh@e-time blunder, reparting a final 
remt as 86.8 in place at 68.8 ( i t  happened). 

12. Randan variation arises fraa aiFferences that exist by aqybodyts 
sbadaJcdo between uuita, whether they be accaurts, households, blocks, 
segments, mumhPEtured i t e m s ,  and From nmn'll accidenta3. iadepenaerrt varia- 
fi~118 of obmmation, which vluy with the t h e  of d q ~ ,  direction of travel, 
etc. lChh stamdad errar 1s a universal m e a c ~ ~ ~ e  a9 randam variatiop. 

2#p N. lbwwmmkd inferences can th6 part of the user 

13. l m  t o  -sta;a8 the caplditi- mture 09 the m a t s  of an 
($o be -dad), being mis-led by statistical calculations. 

Statistical cantrnls far detection of naumncWwz errors. Same people 
sqgpwe that m e  they write a set of instructions, and rehearse them w i t h  
 the^ peapls that w3.U c a m  out *tihe wuirk, a3J. will go off well, j u s t  as 
plsumed. This i s  a costly fa3laqr. It is  better t o  monitor the w'ark a t  
randan poMs and a t  randon times, t o  observe what i s  happening, t o  straighten 
art misunderstandings, bear duwn cm laxity, and (as Freqwmbly b-8) t o  
change prooeaUres where a better uzqy c m s  t o  U&t. 

- - -- - - - - - - -  -- - - - - - - -- -- - -  -- - 

In npr o#r work, I find it gossible t o  htradr;lce "caytrol points," for 
re-- ar re-inspectioas of stxwnhm between 1 in 6, 1 in 10, or 1 
in 20 of alluaits investigated in the main smrple. It i s  a shple  tha@ 
tedicm m ~ t f e r  to l q r  the m q l a  art t o  designate in advance which iamdati- 
&at? w i l l  *test a selectda unit. 

The re-tests are nut used in the tabulatitxu buf t o  detect traubles 
before taay becauc saricms and t o  lmctsP in t he  end tha effect8 of Failures 
Of Varicnls k i d s .  

- - - - .- - 

StaticrWmJ. ccmtrals are not a luxury: they are sinqly goad manage- &. Ih a recerrt -rime w i t h  CaaadianFacta, Ltd., in -to, it 
wae porsible skKfU arrmgemat for bmdiate hand tdtr\zlaticm, 
t o  detect ugh lRwi8nce betmen -s al certain qaestions the *st 
ha33 op the job, befare it was too late t o  take corrective action in  
the fann of reviaion of tbd q u e s t i a ~ ~  and bypcrped methods of itrtmdewing 
and Empembim. 

- - 

SfatisltieaJ. cc#ltrols in the Census under the guidance of Morris H. 
Hansen reduced the costs of interviewing in the Census t o  a third of the 
cost of interviews cerried aut in c ~ r c i a l  research, while continually 
increasing the accuracy of results. 



A quarter of the total budget invested in controls w e l l  over-ga3r their 
cost. Random re-interviews, studies of recards of t h e  spent on travel and 
on i n t e r v i ~ ,  b o t r  at the qwationnaire and of the codirq and proceeea ,  
wlth corrective action bring Imprcn .n t  in the qusstionnaires, coding, train- 
ing, sugsrviaion, mode of travel, t3me of - of interviewing. 

-- - - - - - - -- - - -. 
.- - 

emar in studies is only one sawce of non- err-. 1 6 g -  
ibl, entries, wrang extensions, wrung counts, cause their share of traible. 
& m-mS& WCUlw in m k  i s  the wi&~pl.ead of 
SIcrkurers t o  keep their inslzmlE&s in good cadition. Inte~pretation of 
fi@rorm derived f icm an investigation i s  often c l a ~ I ~  far this reasar. 

Results of an investigation of q study can n& be better than the work- 
mumhip that goes into the invsstigation, nar better than the inrrhvlnents used. 
The samgllng repeated 100 times is no gumantee of accuracy. It i s  sane- 
timsCl stated that a sample is better than a caupkte census. One should say 

-- - .- t;hat a m a U  has-the possibUty of being better than a caqle te  census, - 
- 

ss the invesWga-s in a xrmall m q l e  can be more ca&A.llly selected, kuhed, 
rrad aqpervitwd, .eQ imtnmmtr labgt; in better c-tictn. 

- - -- - - 
D i f ' f e r s n a 6 s  between hvemtigatars. It has lcmg beten kwwn that an inter- 

rim i a j ed r  a certain amnrurt of iniluence into answers, especially if she 
is not cmWmmUy tested aad retrained on the basis of stat is t ical  t e s t s .  
m, the intervim w i l l  bbwdnce causes of s h i l a r i t y  mmg& the inter- 
v h m  that abe caubcts. Maqy bwe been cited h the Uteratare. 

Sam p e a  talk about facts, as if there were a carrect value for the 
mplgber of peagle that ever heaxd of Brand X 0s wen-cleaner, ar that bought 
it &ring the past three months. One might suppose that there is a definite 

that wmld be ob-d for the count of people uneqlagsd, were a 
~~, o r f a r t h e ~ x t m b e r o f f a m i l l e s t h a t  needwelf&re. 

The t r u t h i s t h a t  U t h a t w e  ever have i s t h e r e s u l t s o f  
and coding. If you change interviewers, or change only 1% of them, on a 
new survey, yar may expect t o  get different results even from the stme house- 
h n t a r r a  Him itd3 is - *% ~~meb~dly -t mrrth nhils to record, 
aad haw he recorded it. 

These dreary truths do not man that no data are any gad, nar that the 
situatlan is hqmbss, nor that ehere is  no use t o  study history. Rather, 
they mean that, t o  use data, one a h a ~ U  understand the process that praCbrces 
tbu. !l!he f5gm-e~ that aa3a derives fKm a survey are the end-prothrce of a 
chain of operations. 

Ia the when difPerences between investigators was not appreciated, 
tha prabbm nemr oame up. One ma;y recall  a qucrtaticm fYauE.  C. B i e l l e r :  

Befapre the variability of the test-an3mil.s was 
appreciated, assews were sanethes carried aut rn as few as 
three rabbits: as oare pbmacologist put it, those were the 
hagpor -0- t , J- Rayal Statisticall Society, 
a. a, 1~=3. 



h 8 rtudy of diagnosis and cheslge in conditicm of mentally disturbed 
gsaple i n  a cummnl@, I learned that a rep& on a patient (waved, abart 
the mum, wursenbg cmditicm, &briaration, etc .) was recorded as a con- 
sensus of tWO *sicianu. Ikw aqyboety knows that a ccmsensus is Illraly t o  
be a recessive gene swaUmed qp by a daminant gem. 

This wae a sewere loss of infomation and a loss of a basis for t r a -  
ing. Zt would be better ta lef each rnsician record independently his 
opinion, with brief notes ca his reas-; then t o  canpare notes. Ihe can- 
prurison of opinions and reasaxa far difference w a U  p r d &  a meanin#W. 
basis for cartimud. training and improvement of the 'physicians. Withat 
knatkdge al! the variance between physicians, the qpestion of whether a 
treatrment irr effbctive remains c l a d .  There m a y  be nore variance be- 
patients within physicians than betmen physicians within patients. 

2be two *sic-s shcruld of caurse argue about sane cases where they 
seJree #ith each other. To can&& only imestigaticw where thay disagree 
bbiaued, a8wslmarfraPrw&al!W. J.Yuudencmthebiasof4ib,echemist's 

- rule t o  adopt the best two art of tbree observations, 

'Pkte physician in charge a&qpbd the suggestion and is using his influ- 
ence t o  upread the i&a. 

- - .  - - 

Xhowledge of the variance between imrestigators enables me t o  9Yx the 
ecommdcal size of sanrple. Thus, in the circumst;ance that inh-ewers have 
been trained so well that, for hpadant  characteristics, the intraclass 
carrelation between 8- units within Interviewers is as law as .03, a 
c-te census ot an m a  is  no better than a 2ggd sample oi hataeholds that 
are handed a uelf-filled qwstimmire t o  mail in. This may be seen *an 
the equetiar 

i n  which we place p = .03, g = 100 haweholds for the average wark-load of 
an interviewer. 'Phe br&t then takes the value 1 + 3 = 4, which indicates 
thatthetvariemcead!f isequaltowhatitwcnildbewitha2~srorrgleand 
zero dm-to-doar correlation. n i s  the rnmlber of hcruwihdlds in the ssmple. 

!Chis equation, or rather the underst;anding of it and use thereof have 
S a Y b d t h e C e r r s u s m i l l i r n n o f ~ s .  

-8 and inaffmd reliability in the saane proparti= are possible in 
rsee-abnw?ymnna, in5ndmrhyanding-. 

Every mmufacturer WCIUld Ute t o  knuw how mmy p e e  ever heard of his 
product. VMorhaately, i&e qaesticm, "Have ycm ever heard of Brand X?" i s  
dbject t o  rnrch high i n k a d a s s  carrelation between respondents within inter- 
viewers that the e i fe t ive  sise of sample i s  little bigger than the liConber of 
interviews (see table). 

- - -- -. - 
Possible ~paenibdes-& the loss of infomation fYcm variances betxaen 

interviemrs i r  jlluutrated by the accaqqdng table, which is arra;yed by 
F-vuUe, fkapi lcmd t o  himst. F is  de-d here as the tatal vtn?iaslce 



Effect ot variance between interviawarts 

Quest3.0~1 (asked of female 
horns-makers) Yes 

1: What brand of ce+nned o r  packwed coconut did 
you buy most during the past 12 months? Pro- 

* portion that  answered Brand A. ( ~ a s e :  people I 

tEat had bought any canned or  packaged coconut.) .O29 .OO3 1.29 

2 Where did you last buy a rinse, t i n t ,  tone, o r  
lightener? Base: women that  work on the i r  own 
ha i r  at horn, never a t  a beauty shop. Proportion 
that  anmred at a drug store. .59O .082 1.45 

3 Havs you ever used canned pr packaged ,coconut? 
Proportion yes. .733' . O N  1.46 

4 Of those that  had purchased an aerosol medicated 
roam vaporizer-decongestant, the proportion . .. that  -. 

;. say thRt they are very well satisfied. .862 .063 1.57 

2 Age of head of household with a female homemaker. 
Proportion i n  age-group 25-29. .086 .008 1.64 

6 About the country that  you would leas t  wish t o  
viait ,  is it exciting, interesting? Proportion 
yes. t .oh7 .006 1.76 

7 'Proportion that  had ever heard of a specific 
brand nams for  a gadget on a washing-machine. 

8 I haw here three brand names. As I read each 
same, t e l l  ms whether you have ever heard of it. 
Proportion that had Beard of Brand X of analgesic .0& .006 1.86 

9 Income of whole household, proportion between 
$3500 and $3999 m u a l l y .  

10 O f  people that  use aerosol furniture polish or  
Vax, how cans did you buy last year? Pro- 
portion that  bought 2 o r  more cans. .825 . O l 5  1.89 

U Marital status. Proportion single. 



Question 

ri 

P 
Praportion ;- 

Yes P 

five you ever he& or F of oven- 
clrbaner? Proportion yes. 

O f  the people that had ever heard of a . 

special. arrangement of tubs in a washing- 
'machine, what company makes i t ?  Proportion 
that eaidthat  Cornparty A makes it. 

rn you ever heard o& Brand G of m n -  
cleaner? &uportion Yes. 

Higheet ' grade o f  school completed by head 
of hoprr8ehoI.d. Proportion that heul completed 
the 8th grade , .130 ,109 

The respondent la  ahown an actual Jar of a 
certain deodorant. Do you recall seeing it 
before? Proportion yea, 830 

Proportion of females that are other females 
(not female home-makers ). in households wlth 
a female homemaker. , 0173 , 0016 . 

. . 

Have you ever heard of Bran4 H of analgesic? 
Proportion yes. .696 . .019 

lp Proportion o f  hauseholds with a female home- 
, maker and with 2 or more people In the house- 
hold . 

20 -ion of hauaeholds i n  whlch the huebaad 
of the female hanemaker 'wishes t o  go camping, 
m e  than on any ather vacation.. .234 . 0 3 1 .  5.01 

21 Does Food Caupany X make Brand Q of breakfast 
cereal? Propartion Yes. 



between interviewers divided by the binanla variance. A &iinite pattern 
seem t o  emerge. Qnesticjns that beget a waivering answer lead t o  high F- 
values, and f o little useftrl infanaation. The high F-sue for the popor- 
tion of mmen that are elngle might be taken t o  indicate that sane wanen 
are nut sure of the anglsler. A better exglanation may be that the irrterviewer 
diB not ask the questian, but supplied the answer herself. 

- -- - - -- 
The remedy -so obviars. An esteemed friend, in charge of market- 

ing research farr a M g e  ccffparation, in a discussicm afkr I had presented 
rigurea on ra3.laaws between hrterviewlers, came tbr- w i t h  the adarable 
tha~&t that a l l  these pxhlems wcnrld disappear if are mJuld arly dxdtwd- 
ize the pllrodedarss so that interviewers perfarmed equally! He had never 
t h e  it necsosasy t o  spend a dallar of his huge budget t o  learn how the 

~ r u m ~ g s r f ' i n t h e w o r k t h a t h e p a i d f o l r .  Sanepeople 

p i e r  t o  remaiu happy. 

Replicatea besigns fa- s.lmn'l.tcie i n  caqputatian of variances. A plan 
that I follaw in a U  kinAs of wmk, whetheir it be a c c d i n g ,  inspection of 
msical ewpnent (telqbom plant), marketing research, surveys af cammi- 
Bierr, .t;r&fio, intervim telephcw~, medical stulies, or other, is this: 

1. LaJr art the whole job i n  arbsanrples, each  subs^ being a valid 
sseqple of the frapne. The sub-s ma37 be randun selectiws within strata, 
arr eystrrppatic w l t h  randcra starts at every 8th zone ( IWMJSW~~S;  ~ukey). 

2. Allat a randan partian of each subwm@.e t o  each invleetiejator. 

Q this design, evary interviewer has a valid sample of mry subsample, 
hence a valid tmtgle of ths whaLe samplle. Each subsemplle i s  affected equaUy 
by the variaaae b e k e n  -s, except for imprdbable interacticms. 

!Cabulatiorrrs by rnrbsaPaple and by interviewer facil i tate for aqy character- 
i s t i c  tabula- by snbsa@e and interviewer, hmmdiate estimation of the 
shd iwd  errarr and of the IxYW. miance ,  includiag the variance befwlsea 
i r r h v i ~ s *  + = 

!The m&em of degrees of fhedun far  the vasiance between mibsamgles may 
b s ~ ~ ~ t h e r r r r m b e r o f s r r b s ~ s o n u p b y t a ; b u l a t i n g a m o n b e r o f  
lnib-fatals* 

If the tatal variance fkr cnrtmighs the variance between the subsamples, 
owing to hi@ variance between interviewers, then the standard errar ahauld 
be based emWrdy on the tutaJ. variance. Pie degrees of' Free- will be the 
nrnnber of inbemiewers ddmhished by unity. This is a severe loss i n  the 
pcmr of ana3ysi8, which fact emphasizes the need of stat is t ical  cantrols in 
%he trainiag befcm it is too late* 

* P, C, lbbUm&is, "Cn large-scale sample surveys," Phil. Wans. Rcryal 
Society., vaS. 231B, 1944: pp. 329-451 ; "Recent experisllents in stat is t ical  

h fhc Shtigt iCB1 In&itute," JUIXTUCL of the R m  Statis- 
bioal SOC~~W,  v o l e  C ~ X ,  1946: pp. 325-78 

W E m  D e y  DESICaO Dl BUSINESS R E W C H  ( ~ i l s y y  1960) , 
Pa& 11. Wm D e  and mi8 H. Han-, " S e  thew t& i&h- 
ence of the inape* and ~ ~ t a l  conditiana, with an examtgle," reprinted 
*am S t a t i s G i a  Rmrlandica, v5l. 2613, 1972: pp. 101-112. 



Rmwrative studies and analytic studies, ccmtrasted. The distinction 
between eraapsrativ~ and aaQrbic studies is v i t a l  i n  the design of shldles 
and in the irrt;crprefation of results.* 

EHWERATIVE: inwhichactionwillbetabmonth@materialinfhe 
fram studied. The action t o  be taken on the frame depends purely on counts 
of the frar&s. 5 aim aF a statistical study in an analytic moblem is des- 
criptive. Ha# numy f'mw ar how may peqple beloug t o  t h i s  ar that category? 
What is the exgected art-turn of wheat far  this region3 !Qie sJm i s  not t o  
~ a r t i ~ ~ a 3 . e s o m a r r g r o r a o f e t o t r n i t s i n t h i s o r t h a t ~ t e ~ :  

=ly-=m 
$rrrmnlas: 1 . Data of Cansus-type : age, sex, education, occupertion by 

area. 2. Figures on the lrtillzation of out-patient psychiatric services. 
3. Prem&mce of nmalt pax. 4. Assays of samples taken Fran a shipload of 
ore, to e&btgQte et the shipl-@ad is worth and t o  decide huw much to offer 
far it. hmau of Custaas will calculate &so fran the maples haw 
march &a* t o  pay, if the ore cams Frun abroad.) The Census far C-SF 
s i d  repireesntation in the United States is a prims aa@e of an enxrmera- 
ti- study. CcmgressiomL repmaentation in an area depends an haw numy 
people are in it, not Ulay they are there. 

ANAL-: in which actian w i l l  be tahen on the process or case-system 
that prodaced the frame studied (inrhrstrial product, wheat, patients, etc .) 
an8 will rnolbxce mare in the future. The aim of a statistical study in an 
einalytic pr&lem is t o  try t o  learn what action on the process KU1 bring 
Sqprommmt in the f iture. lihqples: tests  of m i e t i e s  of wheat, cuupari- 
eon of madxhes, camparisan of ways t o  advertise a product or service, can- 
parisan of drugs, acticm on an industrial process (change in speed, change 
in temperature, change in ingredients). mterest centres in future product, 
pCrt In the material studied. Actian: adopt Method B umr A, or hold on t o  A, 
or continue the expriment. 

There is a s.fmaln criterion by wbich t o  distinguish between erzuoperative 
and mm3yti.c studies. A 100 per cent s e e  of the Frame answers the questiau 
posed for an enumerative problem, mbject af ccrurse t o  the limitations of the 
nethod of investigation. In contrast, a 100 per cent sample of a group of 
patients, ar of a section of land, or of last week's product, Industrial or 
agricultural, is still inconclusive in an analytic problem. Plare is no such 
thing as a 100 per carrt a-e in an amQrbic problem.= 

* friend and cdlleagw Professor 6. I(lbller of the Wversity of Maim 
suggests that errrrmerative studies might better be called descriptive M e s ,  
asad that analytic studies mi& better be called canpamtive studies--that is, 
rrhtdies far  cauparhg two treatmsnts or two processes. I mention this in the 
interest, of clarity,. as the term that he suggests may be helpftal t o  many 
readers. Having invented an8 used far years the terms enmerative and analytic, 
I s b U  ~Qlfinue t o  use theau, for a while a t  least. laain c~lcern here i s  at: 
corwaPt; itself of the difference between the two kinds of study, regardless of 
what we ca3l them. 

Morris H. Hansen and W. Edwards Deming ,  I1Q an- imporb& limitation t o  
the use of aata fram saqples," Bulletin de 1' institute b f k m a t i d  de Statis- 
ti-, Bern 1950: pp. 214-219. 



. - . . . - .. - .- _ _  - 

The fno -8 of problem c U  for d i f f e m n t  procedures of eelaction 
snd calalat ioa.  ~~ Uocat ian  of effort for es tha t ica  of the total 
r .  of units in a A.ams that have a prescribed dmmcteristic, or far 
the aver- per unit, as called for in an enumerative problem, is  treated 
extensively i n  all textbooks. 

Optimum allocation of the sample to strata for an amlytic problem i s  
almost always for practical prrposes simple e w i t y  (n, = % ) . Modifica- 
tion for va;ll.isaces and costs are widely different IS rare but simple, 
=w ni smi- t o  q 

- -  -- - - 

I vsrrtare the opinian that c-sies that ham been- d k a s e d  be- 
h e n  statisticians may be viawed as am man -king an e r a t i v e  or &s- 
oriptive pa-oblnans, the other mas working on m i c  or cauparative prob- 
lams, buthrigtrt inhis uwn sphere, but neither orrcr aware o f t h e  existence 
o b t h e a t h a r t y g e o f ~ o b l e m .  

lb M emmmtive problem, we need not recoeplfze strata at a l l  i n  ad- 
vance, nor even aFterwzxrd. We can get a valid estimate without s t rat i f icat i  
tha@ s t m t l f i a a t i a  might .tanffcnn the precision obtained. Then too, - -  - 

~ e ~ ~ f o o r s e a ~ s ~ a s l d t o s t r a t i f y o a l y i t , I w t  
 the^^. 

Xh aontrast, in an amlytic problem, it may be very hqmrknt t o  reco- 
gnize i n  admace the existence of m a U  strata and t o  investigate as 
well as large strata for diffkrences between the em> treatments A and B. 
Fal lme  t o  perceive in advance which strata nuqr react =wen* t o  A and 

B mw greatly impajr an rwurt.vt.tc study. 

Two kinds of error i n  an emuemti= pdblem. We can make either of 
two Mnlln of err- in BSI nmnnnrative problem. lh the exmgiLe nwt i aed  
above, we caul&: 

1. Pey toomuch by the ematne D or more far the ore tested. 

2. S s l l  it far too little, by the amcrurYt; Df or more. 

First ,  befm we can try t o  guard against; cae mistctke or the other, we 
must decide on the errar that we could tolerate. We should perhaps. nat mind 
gryring $500 too much, or if we were selling the ore wcnild we mind receiving 
$500 too little for it. We m i g h t  accordin& be satisfied t o  set D and Df 
in this prdblern at $500. The tolerance t o  aim at wcruld depend on the eco- 
nomics Me. With& use of statistical theory, tihere is  no way t o  
minimize the net loss (pqdag too much far the material ofVset by the cost 
of tes t ing) .  + ** 

+ Leo !&mqvist, "An attempt; t o  ana;lyz;e the p r O b h . 0 9  an eccmanical 
productitm af stat is t ioal  data," Nordiak !tidstikriFt; far !lkkuish jkmani, 
vole 37, 1948: 263.274. 

* Richaril E, Blythe, "llrs eccaclnics of sample-size applied t o  the 
8cal..fna of 8swlogs," !l!he Bianaetrics Bulletin, Washingtan, vd.. 1, 1945 : 
pp. 67-70. 

Robert SdiWf'er, PROBABILITY AND STATISTICS F(R BUSIWESS DECBIONS 
(McQr8w Hill, I=), Sec. 33.3. I. Richctlrd Savage, S'PATISTICS: I l H C E R m  
AHD -Q1 (Eaaghtcm Mff lh ,  1968), Ch. 4. 



Two kin- of error i n  an analytic problem. Here, we ms;y: 

1. Adapt Process B ( r e p h e  A by B), and regret it later (wieh that  
we held on t o  A). 

2, Hold on t o  process A, and regret it la ter  (wish that  we had 
adapted B). 

--- -- - -  - 
The function of the stat ist ician is t o  t r y  t o  minimize the net loss 

fkau both kilda of mistrrkce, whether the problem be enumerative or analytic. 
He ha6 forwtlrur for doing so i n  an enumerative problem, but has only we& 
cozxlitional farPaulae in  an sncrlytic problem. The statist ician rerdere hie 
best servfce by understasldiag &id explaining the Unitation of the results  
of a study (& section). 

Statisticians mst face the fact  that  it is  impossible t o  formulate a 
loss-fhncticm and minimize the net loss From the two errars that cme can 
make i n  an a;na;lyt;ic problem. We can accordingly not make consistently 
either err=, even w i t h  the aid of stat ist ic& mthods. The reason is that 
we can not acquire en- emgirical data t o  predict performame under the 
e n v i r m e a ; L  conditia#s of the Arture. 

-. -- 
Far illu6tratioa I take a recent carre wherein a group of carriers of 

potor-freight saught higher rates for  haule under 400 milee, The evideme 
coxmisted oi an exhibit of operating-ratios (cost/revelme) covering hauls 
i n  1973 of uader 400 miles aad covering hauls of 400 miles or over. The 
data came frana a contirruing sample of about 50,000 freight b i l la  from 89 
ccrrrlem. 8tat is t ical  controls applied over a lO-year period have elimln- 
atsd the loeiin raulces of uncerbednty from operational blemishes and blunders, 
different interpretations of definitione of Ilne-haul and kindred trolibles, 

There could be no doubt that the aversge operating-ratios of haula 
belaw B3d abm 400 miles are different. We knav this i n  a d ~ e  wlthout 
making a 8wo Ple big queetion I n  the minds of the carriers, clud of their  
opponents (mainly ehort-haul shippers), and in the mrnAs of the Interstate 
Cmmrce Camriesioa, was whether the agerating-ratios far long an8 short 
hmh w i l l  in  the firture be en- different to warrant dif"fererrt rates. An 
exberpt of the results i e  shown i n  the inserted table. The number of degrees 
of ATasdom in the estlmatea aP staada3.d mars is  in  the hundmds. 

Standard 
e &ur 

5 -9% 
1.2 

6.0 . 

Operating- 
ra t io  

1370% 
1 18.1 

19.7 

Weigat and mileage 

Under 500 lbs. miles 0-400 

401-1050 

Difference 



- .  - -- - - -- - - - -- 
- -7 - 

It had been decided earller by the carriers that  a difference of 3% -. 
= D in operating-ratio8 for  long md short haul6 i r  big e m  to wrrrurt 
action on the matter of XUte6. The estPmsted difference between the 
operatirrg-rstios for 1973 was 19.7$, which was more than 3 times its 
rtardsril error, The conclu6ion was Inescapable, based on the tsble in- 
serted here and on other evidence not produced here, that the difference - 
in operat*-ratio6 for 1m exceeded the cr i t ica l  D = 3s and accordingly 
warranted action on the m a t t e r  of rates, 

Action on the rates w i l l  apply t o  Aiture yews. The carriers can 
make either of two mistakes: raise their e g e s  too much for mileages 
under 400, and regret it bter,  or not e-, and regret it later.  
8Wuz-e years will be different From the past--higher costs of fbel, dif- - 
fersnt of contract with the drivers, tendency toward coolsolidation 
of rannrl' s h i p e n t s  t o  get the benefit of *eight farwarding ar truckload 
rates orr carload rates, and t h u s  defeat the increase. More data far  the 
past year caald not reduce in any imprta& the risk of either mistake. 

.,.-- - -- -. -- -- - -- -- 

Llmltatioxm of s ta t i s t ica l  inference. All results are corditional 
on (a') the irare whence came the units for  test; (b) the method of invest- 
igation (the questionnaire or the test-methad a d  how it was used); (c) 

Z' 

the people that carry out the intervlewr, or lasaeurements. In  addition, 
the results of an analytic study sre conditional ale0 on certain envi& 
amntsl conditions, prowribed or prescribed, such as the geographic loca- 
tion of the ccxpwison, the date snd duration of the test,  the soil, the 
clinmte, description a d  medical histories of the patients or subJect8 
that  took part i n  the test,  the observers, the hospital or hoepitale, the 
range of voltage, , r&ge of temperature, range of prsse&e, thi&- 

number of flexures, number of Jolts, maxirmmr thrust, Xm.8 (a. of put iagx* 
PaxiPamr grrrrt, M a X q d D a d ,  

The question i n  an analytic prdblem is what actiun t o  take on the 
process: what t o  do? How w i l l  the two treatmnts canpare in the f i twe?  

- -- - 
The exact en-ntal coat- &U never &i 

reen Bgsin. Rro treatslants that show l l t t l e  difference under one set  of 
envlmmmxtal circunstamzes or even within a range of conditians, prsy 
dlffer greatly under other condltione--other soils, other cYmate, etc. 
(me r#xt eection), %e comrae  may alao be true: two treatment6 that 
rhow a m e  difference under one set of conditions may be nearly equal 
under other coaditions. %ere is no statiektcal method by which t o  
extrapolate t o  longer usage of a drug (beyord the perlod of tes t) ,  nor t o  
other patients, soils, cIlmstea, higher voltages, nor t o  other llmits of 
eeverity outride the range studied. Side effects m e ~ r  develop later on. 
Problem of lnaintenance of machinery that shows up well i n  a test that 
cover three weeks IIEV cause grief ard regret aiter a few months, 

-- 

!T!he statist ician has an obligation, as architect of a study, to  help 
his  client t o  perceive in  advance the Ilmitations of any study that is 
contmlated, snd to al te r  the design, it desirsble, t o  extend the cove- -. Only the statistician, with his knowledge of theory, can perceive 
the limitations of the results that w i l l  coaras out of a study, 



- ---- 
& favorite question when saneone proposes a study i e  t h l m P  What 

will the resulto refer to? How do you propose t o  use them? The answer 
sauetim6s brlrrgs forth drastic mdlflcations of the plans. 

Ihe difference between two treatments or between two areas or two 
gro\rgr of people, will show up as "significantly different" i f  the experi- 
ment be comlucted tluough a s m c i e n t  number of t r ia ls ,  even though the 
dlfierence be so m s l l  that it i e  of no consequence. 

Likewise, teats of whether the data of a survey or an experimant f i t  
some part1cula;r curve is of no scientific or econolPic Importance. P ( X ~  ) 
-9 0 for any curve as the number of observatione increaees. With emugh 

data, no c u m  w i l l  f i t  the results of an experlmnt. !he question that 
one faces i n  using azly curve or any relationship is  whether it is help- 
i n  the dlecovery of the cause of s- observed ammoly, or whether same 
other curve would do better. How robust are the conclusions? 

Btatistical rigniflcance by i tself  thus conveys no knowledge, no basis 
for  thation. 

We admit w i t h  Sir Winston Churchill that it sc4netlmes pays t o  admlt 
the obvlaue: we do not gerform an experiment to  find out i f  two varieties 
of wheat or two drugs are equal. We know i n  advance, without epelding a 
dollar on aar experinaent, that they - not equal. Why upeak of testing 
the hypothesis that A = B? Statisticlane can put their  knowledge t o  more 
useful eadeawure. 

!the fal3acy of tes ts  of m s e s  has been exposed here and in-= 
places. A f t d h e r  W c u l t y  is that the Axnctions used in the analysis 
of variance, and i n  estimation, are symmetric. Interchange of any two  
observatiosra xi and xA leaves unchanged the mew, the variance, and even 
-- 

the dlstributibn i t se l f .  In other-wards , use of *ce w s  the in- 
formation on arder of appearance in the original data. 

The preselrtation of results, t o  be opbjmR'llv usef'ul, and t o  be good 
science, nust coarPorm t o  Shavbrt's * rule t o  effect that the data 
shaitd be presented in  a ww that w i l l  preserve all the evidence in tb 
ao?iginal W a  far the w e s  inten&d. 

Pencil. and paper for caaurtructian of distributions, scatter diagrams, 
run charts, catprison of results *an smaU grarps, are mars efficient 
than tudlysis of variance, preserving l b  infamatian in the ariginal data. 
In  f ortun&b circumstances ( n d  esthmtes, independence, absence of pat- 
terns), and when the whdLe study went off just as intended, one - indeed 
mmariae the results of ccmpwiaons by use of estimation ar by UBelihood. 
But these circrnmstances r e m e  demonstration by sinxple ~~ of pencil 
tLnd paper. 

* Walter A. $hewha&, Statist ical  Method from the Viewpoint of Quality 
Control (Graduate School, Department of Agriculture, Washington, 1939) p. 88. 



What do W. need? What m mad to know l a  whether the cliffemn~e be- 
t- A ard B appears t o  be of material importance, ecanamic or scientific. 
!Chis kquired illfference we designate by D. m l i c a l l y ,  

I s B  2 A + D ?  

%at is, will B be better than A by the amnunt D I N  'PRTALB? 
W i l l  process B turn out D more units per hour under the corditions t o  be 
~ h t  i n  the factory7 

Ihe appropriate s ta t is t ical  design depends on the value of D, which 
must be-stated i n  sdvance. Its Ipergnitude i s  the reeponsibility of the ex- 
pert i n  the subJectmatbr. 

If it appems pre-t:ty definitely Froan the experiment that B is surperior 
t o  A by the amant D , i n  sane sdiratum, then the exprhen t  has discuvered 
sanethiog. The experbent may of course dlscuver the c m r s e .  It will i n  
a q ~  case indicate better ways for %he design of the next study, the aim of 
which w i l l  be t o  remuve sane of the areas of doubt. 
- . . . . . - - - - . . -- - . - -- -- - 

Criticiane of teachiq. I oifer a& specific criticisms on the 
of etatlstics, in  the h o p  that they m y  help t o  improve statie;. 

t i c a l  practice in the future. 
- -- 

1, canposite exqple, exkacted f r o m  a rarmber ixP -banks in 
- 

Nineteen chutes were tested, for time of burning, 
--- 

10 in Batch A, 9 ia Batch B. ... t = 1.40. As tqonr 

= 1 .g6, it follaws th& the null. hypothesis (that the 

two populations are ident ica)  can not be rejected 
-- - 

the a~ternative u, f CI, atr the level of signi- -- 

flcance a = 0.05. 
- 

-- - 

(lcxmtents. What do the results refer to? What i s  a population? What 
two populations are not identical? Does the author of the book refer to  
the two batches of chutes already produced and tested, or does he mean the 
processes by which chutes -will- produced?- Qlly the l a t t e r  could be of  
concern, as the chutes terted (and b-d - ) w i l l  never be used again. 
What about a reference t o  the method of tes t?  None is cited. Ihe problem 
should be stated as an analytic problem in  which the question is whether 
the economics of production. marketing, and consumer preference would 
jufrbify a choice between processes A and B o  

If a statistician on a job as a statistician were t o  mahe a calculation 
like this, and a statement like this, he warld lose his job w 8 m ~ n a r i l y ,  at- 
arglrt; to. 

To extract the 5 n f m t i c a  Fran so costly an experiment, I s h a d  wish 
t o  have in  hand the ocr ig ina l  data, t o  be able t o  plot the t3me of M n g  



of every chute tested, i n  the order of tes t .  Were A and B alternated? If 

not, not3 It i s  wall t o  give students a chance t o  think and t o  ask ques- 
tiom of the data, but haw ccruldtheylThe original data w e  nut i n  the text. 

Are students made amwe that the standaxd errors ignore U these gpes- 
tions? that stiQndaml errors bury a lot of essential. inf'annatian? 

Vnder usual teaching, the t rus t ing  student, t o  pass the course, must 
farsake a31 the scientific sense that he has accumlated so far, curd learn 
-t;he book, mistakes and all. 

- -- - -- -- 

I b c ~ ~ p l a  2 irar my friend Dr. Edward C. Bryant. While he was at the 
Ihiveroity of &caning, saPsone came i n  from the Department of -1 Hus- 
baadry t o  announce t o  him an estawding scientif ic  discovery--the flbres on 
the left side of sheep, and those on the rlght side, were of different di- 
a,wter. Dr. Bryant asked hia how many flbres he had i n  the sample: answer, 
50,000. lhis wae a number big enough to establish e i g n i f l c ~ e .  But what 
of it? Anyone would know i n  advance, without spending a dollax, that there 
is a differeace between flbrce of the l e f t  aide ard the right side. But 
who cares? What dlffercnce would be of scientific Importance? 

Example 3. Ihe Panel on Stat is t ics  distributed at  the meeting of the 
hx-lcan Sta t is t ica l  Association i n  Montreal i n  August 1972, i n  the pamphlet 
I ~ D ~  SSiaSTICS WITHOU!f cALCULUS, the f o M n g  statement (page 20). 
h f l n e  Ho 88 the hypothesis that p l  - u, ; 8 ,  the hypothesis that vl f 

A basic diff iculty f o r  most students is the proper fom- 
ulation of the alternativeta Ho and HI for  any given problem 

snd the consequent determination of the proper c r i t i ca l  re- 
gion (upper tail, 1-r tail, two-sided). 

Coremsnt. &al l  wonder that students have trouble. So do I. 

Why? When I enquire of authors and teachers, t o  learn why they persist 
In  teaching illustration6 l ike these, the anawere follow a pattern l lke  this. 

1. !be theory is expressible i n  f ornualas. 

2. We can teach fo-. 

3. Students can leamr the theory and take an examlnation on it. 

4. If they urderstsld the theory, they can teach it. 

5, Zditom require author8 t o  Include tes t s  of significance: 
otherwire an authorts paper wil l  be rejected, 

6,  !he departments of psychology ard education require us t o  
teach It, 

. - ~- -- - 

7. A skdsn t  w i l l  not do-uee theory later i n  practice if he 
truly uxxierstanda it. Besidee, many of our rtudento will 
tesah mtatisticr, ard mt be i n  practice, 



Canment. We have l i t t l e  assurance that students w i l l  not later,  i n  
practice, mis-use ehe theory that be learned in school. Even if that were 
ro, -ah i 'b AIII not, why, I ask, derail the atudmt a t  the 8t-t  

Little advancement i n  the teaching of statistics is  possible, and 
l i t t l e  hope for statistical methods t o  be useful in the fri&tM. problems 
that face maa tw, until the literature a3ld classroan be r id  of terms so 
deadening t o  scientific egquiry as null hypothesis, papulaticm, tirue value, 
aad level of sigoificance. 

A teacher that gets invalved i n  problems will have a basis far m a k i n g  
a choice of Hhat thew t o  teach, and he w i l l .  have illustraticms of his uwn 
for the clasarocfn and for his books. He w i l l  not have t o  borrow &an other 
boalcs. 

Iamlvwnent in a problem carries respcmsibilities. The statistician 
i n  practice must write a repart; on the stati&ic&L reliability of the re- 
sults, what they - mean andl a t  ehey don't mean. !Phis report states the 
possible mazgbs of uncerWnty fran s q l 5 n g  variaticm and froan u p e r a t i d  
blemishes big and l i t t l e  discovered i n  the cantrols, the nunresponse, illeg- 
ible errtries, incansistencies fcnmd i n  the coding, with a ca,refW. Sta,teme-nt 
of the caaditians of' the -t (duration, locallt?, e o G f o r  choice 
thereof, voltage, range of stress, etc . ) , the method of measuremenrt,, the 
questimmire if' one was used, and the difficulties emciuntered. Bmlve- 
merit in a plrobleun mans the possibility of facing a boasd of directors, or 
faoing crous-eJeaslinatim . 

The stati8tician i n  practice wmks with Pxperts i n  subject-matter that 
me sanetimes skeptical ab& statistical methods (samethes with reasan). 
Ths expert i n  =the subject-matter may have had a ccrurse or 4x0 or three in 
statistics, asd mw thus know a l c k  tbt i s  nut so. ms position is the 
rewBrse &what it i s  in-t;he classroan, where aBnost anythingwill do. The 
easy w a ~ r  a rk  i s  nut t o  get iwdlved: just give advice now and then and 
Ism it t o  saneone else t o  folluw up on it. Mere desultary advice i n  the 
depmhcmf aP darble intemals does not constitute immlvement in a problem. 

Ike of m n t  ss~qpI.ee.* Btatieticians must face same fact6 about 
~ t - s ~ l e s .  

- .- 

1. Be  of a judgment-sample (e.g., by which to estimate the frequency 
of error of a certain type In  a flame of accounte) i e  worth no pore than 
the reputation of the laan that 6i- the report. !he reason i 8  that there 
l a  no wey except his m n t  to set limlte on the margin of uncertainty 

, of the estimate. Probability s w e s  offer relief' f'ran the unce-ty of 
.ths magnitude of..sanrBUng mrlation in a result. They also pub blinders on 
the plroa>M of n c + n r e ~ ,  and they eliminate! occasionaL high cost and 
incoamsn iw  of tram, but not the biases of such eJ.tm.tnation. 

* I am deeply indebted to mgr friend azd colleague Rwfeesor 6. Koller 
of the Uhivsr6ity of blain2 for the need of emphasie on the ingartance of 
d m f 3 - 8 q b I  & W ~ C  (c-~IM) St l&~80 



- - -- -- - - --- 
- - 2. U.S of j ~ n t - m q p ~ . e s  - --- IS hardly ever a s ~ ~ ; ~ ~  in m ennara- 
t ive  groblsla. It nqy seem that; exceptions occur i n  a pile of cod. or i n  a 
6hlp-load of ore where one can only take esmples frcm exposed portions. 
!here are u6ually wa;yrr around rruch diff icult ies,  nsmely, t o  d m  sa~lples 

while the coal o r  ore is be* loaded or unloaded. 

3. In contrast, one lna~r say that  far most analyt;ic studies we have 
m r  had anorthing but ma@ks of c m e n c e .  Most of man's knowledge i n  
science has been l e d  %hral& use of m n t - s a m p l e s .  R o t h a m s t e d  and 
oyner experimental stations are places of canvenieGe. S o - i ~ o e p l t a l ,  
o r  a clinic, and the graups of patients therein that we m a ~ r  examine. The 
cllm8te, rsinfall, soil ,  a other corditlone durlng a season a t  Rothamated 
constitute a procees, We can by experinaontation obtain an for  any variety 
(the average yleld per acre mr a re t  of t r i a l s ) ,  under a given set  of 
corditions, It is fu t i l e  t o  speculate on the existence of &, as this pro- 
ceee can not be repeated, not even at RothMcrted: climatic c o ~ t i o n s  w i l l  
m r  be the saars there a g a .  Certainly they w i l l  be different i n  s aw 
o ~ e r p a r t a ; i ~ ~ m ~ a l l ~ & f e - . r y - - ' - . ~ ~ ~ # ~ ~  

and &, for  P.srleties A ard B existed at Rothamated, we could not assert on 
the basie of s t a t i s t i ca l  inference alone froan an experiment at Rothaa~sted 
that  l6, and I&, at Rotha~ ted  would be related t o  s, - s, in our area, 
where m shaU raise wheat next year, and muat decide between A and B. 

- 
lh spite of the fmt that we can at best mrange t o  carry crut a caqari- 

-- son of treatments only on patients that  arre highly abnomaL (usual3y patients 
that  do not need either treatment, o r  which neither treatment can help)-- 
o r  at a selected location such as Rothamsted, it is comfortiag t o  note - 
that i f  the expezbmts on two treatanent8 appropllately rardomised ~mongclt 
the p a t i e n w i n  a cl lnic indicate that  the difference is ahmet surely sub- 
stanticel ( e m  t o  D), then we have learned sanething: we m a ~ r  assert, with 
a c m l e  prdbability of being wrong, that the two treatmsnts are materially 
w e r e n t  in sane we3.--cheadceLUy, socially, pmhoLogicaJ.ly, geneti-, or 
&herwise. !Chis WB assert even ehaugh we ma;y never again use the treEtments 
w i t h  patients like the ones tested, nor raise what under the atme emdronraental 
conditions. 2he establishme!nt of a difference of e c m d c  or scientific bpar- 
ta,nce under any conditions chosen for c m n i e n c e  ma;y constitute bportmlt new 
knowledge* 

-.. - - - . -- 
Ramlamdoation withln the blocks i n  a convenient area (for tat& of 

wheat ), or od! patients (for comrparison of treabmnta), removes an Important 

We apptc ia te  now the importance of theories of experimental design 
and of theories of Inference, i n  order t o  build into an experiment the 
greaterst goesible efficient , t o  make it a6 productive as possible. But 
every infererre (conclusion 7 is conditional, no matter how ei i ic ient  be 
the deslgn of the experlpent. A c&tional inference doe8 not p e a t  
generalixstion: w e  can not assert, on the basis of a conditional stat is-  
t i c a l  Inference aUna that other patients, other hompitale, other pupila, 
other location8, would show similar differences nor greater dlfferemes. 
Further mqm-lmente,tlon would be re ulmd unless the gap c m  be filled i n  
by LpoWleQe of the rsubject-matter 9 mecUcine, chemistry, eqiwerin& 
psych-, maul- mieme, e tc  . ) . 



-- - 

Tha, fsrat i e  that atatlatioaJ. urrrksrs In exprimsnte;l design, in the 
eaxly stages of c-sm o f  two treatments, or of two mechanisms, have 
an easy road cclnrpased w i t h  the statisticaJ. worker i n  enumerative studies. 
This follows Frcm the weceding pamgmph: when the experimenter discwers 
any stratum 09 a -t-sels&ion of materials ( m a s ,  patients), and 
under aqy conditians, a substan-bid difference D between two  treatments, he 
has made a conkribution t o  h e d g e ,  whether he ever carries aut another 
-rimer& ar not. A difference that turns cnrt t o  be 3nconsequentiaJ. is  
Ilkewise a a0~1tributian to Iznmledge. 

This cmtribution to knowledge w i l l  usuaUy be inccqlete, but it is  
nmer&dkss & ccmtribubion. 

The stat is t ical  worker i n  experimental design may bite off strata (areas, 
hospi-tas, patients) cme a t  a time, as results seem t o  i d i c a t e ,  unt i l  he has, 
in his jud@wrb, c m r e d  enat@ strata and conditions that establish the maas 
and ccmditims under which the superiority of B aver A i s  e m  to ar greater 
than D y  or in wbidh the difference is  5nconsequentiaJ.. 

N o t  so ~5th enumerative studies, Mss ion  of a stratum caxlses a def5- 
ciency 5n the est-tie of a tat;cil ( t u t u  crop, to ta l  revenue, tc&J sales, 
rarmber of people). Schemes for mtamatic correction of the frm, m h  as 
use of t3.m W-apen b h r v d L  in sampling; a list, use of the s a d  segnent 
of d m l l j n g  units with the ha19-open interval. i n  demgraphic studies, give 
emry u n i t  a prescribed prcbability, even though the Frame i s  cut of date 
(as nemly every Fr- is), or was canpiled carelessly. (Qnission of whole 
areas, or of a wlmh tape, or of a whole File, i s  a different matter and can 
be c m c t e d  only by adding them t o  the Frame.) Problems in the uptimum aL- 
location of effort t o  strata, stage-sempling, two-phase s a q $ l i n g ,  screening, 
estimation by use of regression estimators, are essential. for e c o n q  in 
enumerative studies, and -this i s  why most books on the subject are Urge and 
difficult 

In tha esrly stages of an analytic i n v e e t ~ i o ~ i t  ie marly always 
the best Bdvlce t o  start with strata near the exkcme8 of the spectrum of 
poseibls d l o p r l t y  i n  respame a8 judged by the expert i n  the 6ubJect-mat- 
ter, even if these strata are rare. I n  illustration, I may mention that 
only last week, a xmmd?*er of clinical lhmcmeters with a claim to  
arperiority in an important characteristic, proposed t o  c-ct c ~ i s o n s  

- -- 

on patients with nomaJ temperatures (people in his own office would do) 
aad an patients wi-bh high fevers. 'Phis would be a good beginning, I 
tbou&b, thou& he must First set t le  on a s tat is t ical  c r i t e r i a  fur the 
c b m c k i s f i c  -to be canpased. Lf the superiar performme i s  not M a u s  
a t  either extreme (nomal teqmrahwe arr fever), then he might Prrell ques- 
tion nort; only the a3leged mperiarity, but aJ.so his definition of what i s  
%s=i~* , 

An auditor ma;y use a probability sample t o  e s tba te  the total net 
dallars receivable in a frame'of 150,000 accounts. But he has an &lig- 
atiau t o  investigate separately aqy suspected saurce of error. For a 
suspected stratum, he maiy draw a s m e  of accau~ts with equal probabili- 
t i e s ,  or he prefer to si;udy in paY-ticulas c d y  all the accuruts of 
sane spec- t y p .  



!l!e&s of acme a m e n *  pasl; i n  an automobbXe mah e.0 p m s  braken crr 
&emring, &auld be aanduo-bed a% exkremea of' possible e*etls, and beyund. 

IP aole were t o  try t o  measure the difference i n  cost of handlhg 
weights af' 100 paunds and weights of 400 puunds cm p l a t f m  of' carriers 
of notar freight, one waild, I believe, m a !  studies on a &ed selection 
From platform that are fully mechanized and *an platfama tht a m  paxti- 
aUy mechanized, and fram platfmm that  m e  nub mechanized at a;U. I 
muld use ra&m umbers and replicate the design, but I would not give 
eglal  probabiU.ties to dtl platfarms in the country. 

Most al? the abcm points w e  obviaus t o  anyone that has never studied 
s t a t i s t i ca l  theory. 

-. 

l i ng  for a ram characteristic. A problem sometime encountered 
i e  t o  ?id the pmbabillty that the proportion of errors of a certain type 
i n  a large number of accounts, or  of defects i n  a lot, is below a pre- 
scribed level. A problm of similar nature exists i n  seeds: i f  the pm- 
portion of samh foreign variety or of some d e s i r e d  weed i s  lmre than a 
preecrlbed fraction, the saed would be impaired and dam-graded. Ihe prob- 
lem resembles the chemiet'e detezmination that  a trace of impurlty exists 
(as of carbon monoxide in the air, or  of selenium dioxide i n  a portion of 
manganeee dioxide C. P.), but at a concentration so low that  only a wild 
snd worthlers eetimste of the awrunt of the iPnpurity w o u l d  be possible. 
The problem that  I shall describe here is  one of dormant routes amongst the 
3,000,000 freight b i l l s  issued i n  a year by a carrler  of motor freight. A 
dormant route i r  one that  a carr ler  haa abandoned t o  canpetition. A dormant 
route would reduce the value of the motor colapaqy .80 a w j l l h g  prchaser. 

Let N be the number of freight b i l l s  i n  the frmne, and l e t  1Y be a 
number so preecribed that  if the number of freight b i l l s  between two points 
be less them IJI, the route m a ~ r  be declared dormant. In  this instance, N1 
WM se t  equal t o  60, which w o u l d  allow a l i t t l e  more than 1 t r i p  per week. 
This number was prescribed by the lawyere engaged i n  the sale of the company. 
Let n be the size of sample required t o  reach the probability Q of failing 
t o  pick up a single b i l l  from a route that  i s  not dormant. I n  th i s  case, Q 
waa set  by the lawyers at 1/5. lhst is, they w o u l d  be satisfied with a' 
Bclmple that  would fird 4 out of 5 of the routes in the frame over which there 
were only 60 t r i p s  i n  the year. Then 



A convenient wrqy t o  d r a w  the sample would be t o  pull  out 27 freight 
b i l l e  with random numbers f rom every consecutive 1000 b i l l s  i n  the files, 
thus reapiag the benefit, whatever it be, of natural strat if ication 
In  the Pram. 

- ' - - -  

More effort  put forth on the mathematics, aa by retention of more 
terms i n  tht series for  & n  ( 1  - N,/N), aui UBB of hypergeometric terms 
in place of the binnmial, yields no refinement worth a further line. 

InterpretinR st;aadards. Industry is beset t o w  trying t o  under- 
S t e s d t h e ~ a n i n g o b ~ i a r p a e d b y t h e g m ~ t a n f i r e P T a o f f L n g  
ob mrtaixm, mattresses, sleepwe- fa r  cl.L.Ud3.en, even high chairs; stand- 
asds fm tjxes, hag8,  foods, and a host of ather consumer goods; stanaards 
ob emissicm an8 pollnrtion. !tlhe trable  is that a manufacturer can not t e l l  
ern re- the 6kudard whether a single defective i t e m  fuund an the 
&eli I s - i  far r e c ~  of the entire lot, hawsl~ar it be scattered uver 
fhecaantry,orrwthstherhemaugtdemaorstrate~caminmanarfacture. 

. -- - - -- 

A destructive test deprives the manufacturer of his  right t o  a secod 
test. &me, if a test is dsstructive, the only me- that a standard 
can have is i n  respect to the guallty control In the manufacturer of item 
Use the one tested. 

Due care i n  manufacture can be defined operationally only by record6 
of quality control. This is a statuDhnt of manentaus importance, which i n  
my observation has not reached lawyers that  defend manufacturers agaiast 
suite for defective item, 

- .- . -  - -  . . - -- - 

The work of Dodge aad Ramig i n  acceptance 68axpUng gave t o  the world 
raaaniag t o  commmr's rink, producer's rlak, lot-quality, aad t o  protection 
affoded by the AOQL. 

--- - -. - ..- -. -- ~ 

-6 of lot-quallty for  which no c o r m ~ r * s  r isk can be computed, 
nor an AOQL, Is no standsrd at all. lhis is unfortunately a characteristic 
of s aw of the government atsndards, dram up w i t h  good intentions, and i n  
most cases with bpth of insight i n  alrPaet Bnything but the requisite at& 
t i s t i ca J  kmrw. 

It is unfortunate that Industry has f a l e d  t o  come through w i t h  appro- 
priate stsldcude fo r  t h ~ e l v l s s ,  and me now at the mercy of starritarile issued 
by the government. Words of Senator Flanders (deceased), written i n  1951, 
are prophetic.* 

* Ralph E. Flarders, HOW BIG IS AN INCH? (Atlantic Monthly, Jan. 1951). 



There are trends, plSns, and proposals currently under wsy 
that  would make etcudardisation wholly or mainly a function of 
govemrmsnt, an8 I am ogparred t o  them, I do not want my tdlented, 
capable, and sincere friends i n  the federal agencies i n  Washing- 
ton t o  w r i t e  the industrial stand- of this country. Too much 
is  at stake, 

If you control sn induetry's standazde, therefore, you control 
that  industry lock, stock, and ledger. On the day that  standards 
becans s govermental function ard rerspmibility, as is  now being 
threatened, the government w i l l  tskc a very long step towam3 the 
control of American industry. 

No goverrr~~ent plannsr knows enough t o  write the standards for  
the rest of American industry rrsd all other h r l c a n  peoplo. 

Were is a group, both i n  and out of government, who feel that 
stsn8as(lirtation i e  properly a government responsibility, 

t . Same peupb would c a l l  this paper a view of sampling. Same 
would c a l l  it s t a ~ s t i c s l  theory i n  practice, Others would call. it the sta- 
t i e t i c a l  control of qualit~g: others operational research: still others, 
rrystsme analysis. Ilo me, it is just some thoughts put forth by s etatis- 
t ic ian that is t ry ing  to  be useft&--pedestrian thoughts, but exciting ard 
helpful I n  ay own wo&. 
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