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INDUSTRIPL SAMPLING PLANS:
 
PROSPECTS FOR PUBLIC HEALTH APPLICATIONS
 

William A. Reinke, Ph.D.
 

Regardless of the setting 
in which sampling procedures

are applied, the purpose is the 
same: to determine at

minimum cost the 
value(s) of specified pararmter(s) in a
 
defined universe with sufficient precision to permit
appropriate decisions to be made. 
 Sample findings, judged in

comparison with predetermined desired states, serve as the

basis for the decisions to be made with tolerably small risks
 
for error.
 

This purpose has been pursued actively in industry
throughout most of this century. 
 We recall that the widely

used "t" -est in statistics was originally formulated by an

employee of 
the Guiness Brewery in connection with his work

with small samples. Efforts to develop efficient sampling

schemes were intensified as a result of 
the military effort

during World War II and have continued, notably in the field
 
of industrial quality control, 
ever since.
 

Considering the broad range of industrial sampling plans

now in use for purposes fundamentally the same as those
considered in health matters, it is not unreasonable toexpect that the fruits of industrial statistics might be
harvested in biostatistics as well. Indeed, some cross­
fertilization has already occurred, but not to the extent

possible or desirable. The intent of 
this paper is to

explore many of the more promising possibilities.
 

Introduction
 

Starting with the stated purpose of samplinq, we examine

in the next section the individual factors to be considered

in designing a sampling plan for achieving 
the objectives.

For example, if conclusions are to be reached 
concerning

certain segments of a population, as well as the overall

population, this must be reflected in the sample design.

concerned factors are used in the following section to form 

The
a


classification framework 
within 
which relevant industrial
 
sampling plans are prese'ted. Practical examples of their
application are given to 
highlight attractive features and
 
limitations of the individual 
plans. We then consider in
 greater detail ways in which selected sampling schemes 
are

recommended to be applied to certain important health issues.

We also describe modifications to be 
 made in existing

sampling procedures to make them more applicable 
to the

particular field conditions 
of interest. The final section

outlines needs for additional work on the subject and
 
presents a suggested protocol carrying further
for out 

studies.
 



Essential Factors in the Decision Process
 

Universe Characteristics and Size
 

Possible actions following sampling relate to a defined
 
universe. It is necessary, therefore, to consider the size
 
and characteristics of the population and its components. 
Geapolitical or other management units that serve as the 
basis for action must be specified. To illustrate, are 
conclusions to be drawn about specific Villages, or only at 
the district level? Are all workers under one supervisor to 
be c-iisidered as a unit? Other bases for stratification 
should also be enunci±ated. For example, if comparisons 'n 
behavio.r are to be made by level of educational attainment, 
it nay be necessary to employ stratified sampling in ord,-i to 

f)su re enough observations among the highly educated. 
Althugh unip ;,, e i usually no: a critical factor, 

VitA ~fst ]rp i t ul ar segments of the population may result 
i n rou ral I n,)wgh that theic" size should be noted in 
Jet , : n t ion of samp e i. 

Parameters and Standards of Accetability
 

Uniwei se parameters to be investigated must obviously be 
det ilned ulln.mbiguously in advance. The definition must permit 

nt o c as ification into mutually exclusive 
c<itegor . iOU tiitanoos interest in multiple parameters 
will leId to con;ideration of ways in which the several items 
oL informi tion be and mostl car obtained analyzed efficiently. 

Conside-incj the decision making intent of sampling, 
estimates derived regarding parameters should provide the 
basis for action. This requires comparison in one of three 
respects: (1) with predetermine. standards of acceptability 
(e.g., at least 70 percent of the target population 
immunized); (2) among units of interest (e.g., determination 
that orne worker's performance is significantly inferior to 
that of others) ; or (3) with earlier conditions (e.g., 
assessment of inp-ovements over time) 

Nature of Variability 

The efficiency of the sampling procedures employed and 
the validity of conclusions reached depend upon patterns of 
variation present in the universe. In particular, if cluster
 
sampling is to be used in deriving conclusions about a large 
population, systemat.c differences between clusters should be 
minimized, i.e., heterogeneity within clusters is desirable. 
On the other hand, if decisions are to be made about 
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.. indivi'duial, subgroups, or clusters hm''niy'rusis to be sought. iti u'" '­
fxoeet i~~sb0hrf~~t adivance".',r ytiemagnitdsdetermine Kin 
 f 

take cognizaceof scpatrsi eJat-hi' 

Satistial analyses' typicall~y assume "niormnal" patterznsE ~ o varia,~rIo. Bimodal condition~s i~hr e~ue r
~nnmaitycanthus produce misleading results~and ushotuld be
'avoided ' f Ossible. 
 K>
 
~Re resentativeness ~ 

Sar~ig neesrl produces~ only..estimateuhvreparameters of tyof interest. Errors 'in estimates.'the 
""~~relate: 
 to the magnitude of variab'ility 'Just: considered~"a 

1 
can be assessed Af a representative~sample has 'beezV obtalnedi
Smeaning 'that~ principles, of randomness, have . beeh boi'wedSince matters of-cost and adiitaiecnv~ine swl
as stat istical 4rigor, 
'~enter
representativeness 'into 'sampling decisio7ns,,S (ks, sometimes :sacrificed, and conse .qtent4ramif icati"Ons must be conitemplated. Specifically, 'it maIy1not~
be feasible to 
select villages, or other population subgroups'
randomly. Likewise, 
if obseratos 'lithinzubgroups
be are~made~in clusters, rather' than~ through, random' selection't)<he effects should 
be underst'oan proper allowances made
in the analysis.-,
 

Information costs 

~' Assuming-. that~ the. samipling" design. embodies
S representativeness, 
 aeut
-additional informationt'eonds to generate­4'' greater jprecision, but at a c ost. 'While each-Kobservation miay iJncurya' additjoyjnat
' cost 'that, is nearly conistant, therearec.iinihgreunn 
 'precision. ~-This~is becauisePrecsionis a function of' the square, root ,o'f the samiple'­-size, not the .'sample size itself. :Thus, .for 'example, if ~arandom.,samjple of, 25' delivieries proue es I-~o vE a~
 . birthwe ght~~that ar wiithin,, 150 grams of the ~un2verse
Saverage, . an additinl 25' 6bservaitions 6will
* maXIMUM error' by 4'4 reduce- theg'rais, butrthenext ,25abbservatio .ns.willy-' increase precision by only 19 grams. Y ~ 

.For 'this, reason,: a, Commonly applie'd rule r'fo -thumb in-"-industry. is that samples -Of 30-50~ are:,.generally adequate,-X additional sampling ef fort produces-little' new I'dnformation'relative, to the costs incurred.' , The, rule is reasonab)?e when~ the normal probability 'distribution is' :ope6rative. Thus, if" ariat'onlamong clusters follows ,the normalcre hniie~-'ca b een'in the. selection.,ofi30 Clusters, 'as is frequeiitly 
J 
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done in, EPI Asurveys. It is wort~h emphasizin~g, 'however, -that
 
sam~pling for attribue 'e A.conditiond o f "low
 
birthweight', rather ,than the weight idtself) reqires

substatial4ly - more in'form'ation to ac ieve accept ,ble
preis-on ;Abecause ea____e ,_o
 
Whether "the-4cost-, and' other advantages from"-n saci ci ng detail
 

o wih
h~~rs~digincrease in,. aimp e size ncessary

is a miatter~fo determination in i~dividual: 'cases.~
 

~Cluster sampling is a well-known example~of the tr~ade- '" 

ioff beteen< cost'.and ; preTheior.esign. 	 efec
 
~ introducea by ..the, departure from strict randomness' increase6s
 

sQ~amipling error and hence the sample size~needed to. achieve,.a~
 
pecified le 1e ofI precision., .1 The ?reduced 'Cost per<

orvtionwit clustering must be ,judged' agis h
 
reuiedincrE nume be?' of observations.
 

Cost and Oua ity of Resulting Decisions,
 

7 Presumably, more accurate estimates of universe parame-~'' 
.ters, lead to better decisions. This should&not be accepted 2
~uncritically, however. If the same action would be' taken,'
regardl'ess''of whether forty~ percent, or, onl'yten-percent, of 

mothrs~ now he \ proper treatment for ; diarrhea,,*,then " 
~ ,,increased precision is not likely to change the decision and~qjthere.fore its quality. 

The 'cost of samipling and~ consequent precision must be 
-.	weighed against the costs.~of two possible typesof erroneous
 
decisions,.< To take. "~corrective" action erroneousily results~ ''
 

iTn :S07calledType'Ix error.~ ,The -risk',''of Type I error. is
 
complementary,, to Specificity in epidemiologi& terms, since we V are dle'aling' with, false ipositiesW Thus 90 pect 

~specificity Iis associatedith tenvpercent ;risk of ,Type I~ 
,error. th at~i nn'i non 

errrad.,is hecomplement of !Sensitivity. 

'' 'While 'the exact. costs of these ,errors ,may, b dffiut
 
toqaniy the.ir' impact miust 'be, given beliiattfntion~'
 

~nevertheless i reaon"oinformation- costs, both i1in
~monetaryi terms' and :with respect2 to",'m ad e fot. The
 
requisitq, exp1ici t Zattenion to Type, I'rand -Type 'II 'errors 4s
 

generlly ccorded through -.!Operating 'Characteristics --(OC)~
~vc~es-wfh ',graph the," "power" ' of, a , partic~&a<iiirn
 
schene. to :detect , eatrs of: spcf ' amutsfrom.'i'
 

c'odi Eios! 'beacceptable. is"'assumed:,.that
eclredto 1I 

failures to- detect large deviations, from~ standards: is~'.more
 
co0stlyY-than failures to detect' 1ess''dramatic 1discrepancies,
 
even 'if .the' magnitudes 'ofk the',costs cannot :be:Imeasured
 
defi'nitively. In the discussions bhtfollow,.',we will refer
 
;to Type, I-and Type III eIrror,~ rather ,than to ~the'at ern-ative
 
~nomenclature' of~Sensitivity and Specificity., We>will, :thenI
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use OC curves 
as a basis for judging and comparing various
 

sampling plans.
 

Review of Tndustrial Sampling Plans
 

Industrial sampling plans fall into two general group­ings, depending upon the setting in 
which they are used.

When product is organized into discrete batches 
 for
 
assessment of qua ity, a lot acceptance procedure is
applicable. This is distinquished from the monitoring of acontinuous operation to make process decisions. To put this 
il pullic health terms, decisions on the acceptability ofimmunization levels achieved in a particular district would
call Ior a lot acceptance sampling plan, whereas an ongoingchild weiqhing program would be more appropriately monitored 
through pr-cess nampl ing. The two approaches will bedi scussei :ep ii tely and ;ub-class if icati ons within each 
category ill o ilentified. 

Basic Lot QualityAssurapce
 

The mos.t fundinenta] 1ot acceptance procedure selects a,
sample that i li (JC? enougtn to distinguish between a level of 
quality (.pl ic itly dceined to be acceptable and another levelthat is cler'lly aeptable. Thus, two points on the OCcurvi, ar-.:higlighted, along with tolerable risks of Type I
ald T-pe e respectively. Conditions of quality11 error 
interned ite between these two points are necessarily associ­ated with highei. risks of Type II error. The mi: imum single
sample size needed to satisly these requirements is then
determi l-d, along the ofwith number "defects" permissible 
for acseptance. 

This anpr-oach has been adopted by health workers underthe heading Lot Quality Assurance Sampling (LQAS).
Proponents cite the ability to make decisions on the basis ofsmall samples. This has nothing to do with the procedure,
however, since it 
follows the most basic rules of probability

theory. 
 Rather, the small sample requirement comes either
from the wide differences between what is defined as'asceptable" and "unacceptable", or from the relatively high
risks of error that are 
permitted.
 

To illustrate, consider the in ancase which
immunization rat- of 80 percent in a target population isconsidered acceptablc. If in a sample of ten children, at
least six are found to be immunized, one can regard thepopulation as adequately immunized 
with less than five
 
percent probability of erroneously 
 flagging for special

attention 
a group that, in fact, meets the 80 percent

immunizati n target. 
 In other words, the procedure to select 
a random sample of ten children, coupled with d = 4, i.e., 
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permitting u~p to four n~on-immunized' children~ in the saple',

''il -limit~to less than f ve,"prcent the" risk of TypeI
 
error.
 

'if-the,-immunaization-rat--only e-is-35-percent--or--below-
F7 owever, wifll the procedure' give 90 percent )assurance of, 

codtosi population
declaring h to be unacceptbe

'For dtei.s bten3 and 80 percent~the risk of Type II error,

is quit6,high, ~as car, be seen, riom' th~e OC curve, of Figure 'l.,


Ifarate as low( as 60 percent is. unacceptable," the sampleJ
semut be&42. To deIt ect''the difference bten7~~ret
 
~and Iso percent Kimmunization coverage requires a sam]e f~
 

The argument. is som~etimes ,made ithat a program is likely

~to be active in somne communities' and not in gothers; <theire­fore, co'yerage will~be eiher' very gh or quite low., 'Under 'c> 

rthese circumstances a ml apewl'eaeut't detect " 

such gros differences.2 'On~the' other ,hand~V the clustr' > 
sampling-procedures employed in the EPI 'program,, among
others, usuially' ledt nlss based upon the assumption4

that. variation among clusters' ,follows~ a -continuumi
 
characterized by 'the normal probability, curve.~ It, is 

~ap Iparent~ that some advance' knowledge~ of, vIariabIility mon~g . 
subqroups i desirable w~hen" it comes to ',slecting ' an. 

;~'appropriate s\ampling plan. 'If' diffences tnd 'to beK4% 
bimodal,,an LQ1S approach based upon smalsme hod be~qut adequat\ Evidence of a more nearly-normal,,'patterii of>2 
v~yariation, howeyer, may signal the need ifor an altnative 
procedure. ~~ 

~<Double and Multi le Bamin n''/' ' 

'''~ ,Inpractice,\'Of~ course, it may~be difficul to, e~i~,

in advance patters' of 'variation among lots , or. georahi
 
a~>reas Ev ppat ixperience may not be a"reliable iniao
 
6'ofconditions t o be6 encountered at future field,,sites. In-'
 
thscsh ine '~ga :fces a diIem A small1, sample


~will not' 'be definitidive in; identifying -,moderate lcatrs, 
"from 
 desired ,'odin..'Yet 'a ilarg 6: sample: 'v'ith'be' 
Sunnecessarily cos'tly in detecting gross~departures.~ Double 
~.sampling--: procedur'es "nave 'been,.devised& to _overcome hi
7Ldilemma. An'."tia smll sapl is se~t ~t etermine'­

whether .,a ,clear,-cut~decision :can !be made. V'If'2not, ithe < 
ac qui 'ition of additio" information, "is con'siedtob 
Swrthwhile, -and 'a second',sample is -taken. ided 

;Consider, for, 'example,- a standard industrial; double 
,sampl1ing, 'plan applicable. tto lot 'sizes of 500-800Kunid'er ~ 

wcircumrstances 'in which~l a~qceptable lot,"quaiity~ contains 1'0 
percent o'fewer defects; ,Translated',into terms of inteest 
touwe wish,,to'sample E&\target , population of 500-800' 'to
 

determiiine whether coverage i signifianitlyIbel Iow 9'0 percent..V
 
ft 1V r k~>' 

S6 ff" f f 



The plan calls for an initial sample of 25, coupled with
 
acceptance number 
5 and rejection number 11. 
 Thus, if five
 or fewer defects are found, sampling will be discontinued
 
with adequate assurance that quality meets 
or exceeds minimum

standards. 
 Eleven or more defects leads to the definitive
 
conclusion that the product is sub-standard. Results in the range of 6-10 defects are not definitive and call for a
second sample of 50. If the 
combined sample produces at

least 
11 defects, the lot is to be rejected; otherwise it is
 
to be accepted.
 

The procedure might be applied to the checking of blood pressure of pregnant women during their first antenatal visit
to a clinic. II a random sample of 25 cases shows that theblood pressure was recorded in at least 20 instances, theinvestigation is discontinued. If 14 or fewer blood pressures are found, corrective action can be initiated
immediately without for evidence.need further Otherwise, 50 
more records would be sampled. 

If t-he procedure wetie to be employed over time, theamount oC ,mpling applicationu per would obviously be 25 or75 cascs. A! graphed in Fgure 2, the average would becloser to whenever quality is decidedly inferior orclearly ;upLCr or. In le.:*- clear-cut situations it would becloser to 7,. The average sample size might be near 50; theprocedur' is more efficient than one involving a single
=amplec o , however, fo' that sample size would beinadequate in some cases and ex>cessive in others. In short,double sampling procedures automatica]y focus data gathering
efforts where they can be most useful, but at some cost inadministrative complexity. orocedure--The are widely applied
without difficulty in industry, however. 

Considering the desirable features of double sampling,it would seem that triple samplii.g would be even better, andindeed such plans have been developed and are in Theuse.
ultimate in this regard is Sequential Samp]ing, whichprovides for continuous assessment of needthe for additional
information before amaking decision. The decisionboundaries are two upward-sloping parallel lines constructed 
as in Figure 3. Values for their intercepts and slope aredetermined by the define d levels of acceptable and
unacceptable quality, along ith the associated risks of Type
I and Type I L error that arc to be tolerated. 

The chart on which the boundaries are plotted can alsobe used to plot sample results in sequence. With eachobservation one moves one unit along the horizontal axis.Any defect that is found causes a shift of one unit up theve:-tical 
 axis. As long as the combination of samples

selected and defects found places one within the parallel
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smp ing, is conue , Acceptance, occurs, whei one' 
moves- beyond. the ,boudary''to, ',the,: right-, .1.e'.', .whe1fe 
~ects fve beeh ound i a'sufJciently large, sample , n~ 

th-ca-ar ,aash of defect's' encountered' in, a', alL ,s'mple, 

Although the mathematics behind, secquential ap1ig
complex, the resulting tinea equations defini Ing-the decision 
boundaries a re' 4it ~ e~xpand reM ixd once the 
definitions of ccpabiit:and risk are established. Large
diff~ erences, betwee wht:; is< termned~ adbeptabl e and 
uncetbe evt mov,-he intercepts closer' together~,
thereby> narrowing , th'-bn Iwthn, fcwh"h. apling :is' 

sloe,,so; that a 'rash~ 6f def~ct' ii1:mve one more ikly
ab3ovete'pr ii no'te ara These7e effects~i 
occur automatical ',of> courhse,: with: the relativeysml 
L-Iicuiation'i of the boundaryequations. vl ipe­

Consider-,the cas in which' children' are, to, be >checkedf 
fol BCG scars. "Coverage of' 80. percent,_is 'considered? 
~accsptable,' whereas~ anything below ,60 percent, As 
unac,eptable. 'Tolerable risks :of~ 'Type I -and Type- I'I 'errr 

~are. .oet at. 1~0 and 20 percent respectively. (,Designating4,he~ 
cumiul itive number of samples taken,~ by hn and the.,number ofs 
defects (children without scars) WbVd/''the boundary equations~ 

> 

2 
' 

I,.Lo,7er B,.und d,=,.,29n.- 1.54;~ 
AjUppjer ,Boundi d =.29n'+ ,2.13 

Te'~'i, equations, are~plotted 'in Fiue3 and~ showi for
chim that, sampling~can be terminated if the~first six
cldren , selected '4 ll ,have -scars. In' , the,,-illustrative<

exampl giv'eh in, Figrure 3, however,X the third child~i' fndU 
without'. a~ scar,, and- sampling had" to,,'continue uintil, nine 
childre n'-had been sampled and eight were' foundto hav scrs 

I 

4Whenever conditions are, either .very satisfactory~ or 
decidedly unsatisfactory,' the, sequentik~l, sampling approach
~tends to produce,. definitive ~f ndings 'promptly'.' and~ at low 
-cost.,Under, inter'miediate' conditiozi, 'however,, sampling could" 

c6verage, were around:'70 -perceiitY on m gtrmi n the
"Cotine!.1,,~n .,f .Fiur 3,eve "fte -f if teen: or twenty 

observations .had been 'made.~ Moreover,~ as i'thesape iz ~gr :s'_ther amount ofsmSin ro e, n. thse 
slamelihooofro i rov

dliel o o oing outside 'the boundary; lines Ilikewise 
L,decine.,Some"meanis of truncating the sampling4 process is 
~therefore desirable. 

One basis for trnaini 
observations. required'injsingle 

ocnsdrtenme.o 
sampling., Referring to-.theK 

~ ( I46 



circumstances defined as acceptable (80 percent coverage) 
an
unacceptable (60 percent coverage), 
along with correspondin
risks of Type I and Type 
II error (10 percent and 2
percent), 
 a single sample of 22 observations would b
required. If most
at six individuals were unvaccinate
conditions wculd 
be declared "acceptable." The resultin
truncation is shown by dashed lines in Figure 3.
 

Rectification
 

Sampling is meant to be an aid to decision making. Th,design of the sampling plan depends, therefore, upolavailable 
action alternatives and their costs. I]particuiar, a finding of poor lot quality in some industriasettings leads to .100 pe rce nt inspection of the product t(screen out faulty matcria , rather than outright rejectionThis option has led to devel.opment of so-called Rectificatioi 
Plans. 

Under thence p1lans Type IT error is considered to be mor(serious than Type I error. Allowing poor quality to gcundetected can cause major difficulties later, whereaE
commission of Type I error only results in making alreadgood qual ity even better, though at a cost of unnecessar 
inspection.
 

With respect to Type il error, one of two criteria isemployed. 
 Some plans specify a limit 
on Lot ToleranccDefective (LTD) Lots are
. which at this quality level orpoorer are to be 
subject to rectification with 
high proba­bility. For example, one might determine that material that
is as much as 10 percent defective should have not than
more
ten percent probability of outright acceptance (resulting in
 
Type II error).
 

The other criterion that is sometimes employed specifies
an Average Outgoi ng Quality Limit (AOQL). 
 The AOQL
consideration arises from the fact that outgoing product will
either be at the original level of quality or it will contain
 zero percent defective as the 
result of rectification. 
 On
the average the quality level will be somewhere between these
extremes. Thus, lots in the previous example 
that are 10
percent defective will 
retain that quality level one time in
ten and will be released with zero percent 
defective nine
times out of ten; over all 
lots of this initial quality the
 average outgoing qua'ity will be one 
percent defective.
 

Lots of somewhat better initial 
quality are likely to
have an AOQ higher than one percent because they 
are subject
to higher probabilizy of acceptance without rectification and
consequent quality 
improvement. 
 Thus AOQ will be low for
obvious reasons when initial quality is good, and it will be
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ow ecause: pf, -rectification'. in. cases'. of :poor iinitia
 
ty1ehih - OQ,, designae e AOQL-, w ll1 occur a
 

',; :smeinred iate,: lee1 'of :qual1it'y'.' . The' AO&L is, :inpevit' bly.
 
~ the or~responpding P~ beause iof rectification, 

Having, addressed the% :issue 'of ~'p IIerror, hroug
specificaion of LT, or. AOQL, the- matter of Type'I error,' is t 

consderd. lthugh less serious,.'-te-'esulting unnecessary

inspection isof concern. Re' tification': pln are' therefore
 
desi,d, to miniize; total, inspecion- , iven 'th'e- pecified'
 

bei withbut will necessaril~y have a high risk of'Type 'I error and .consequent ~cost of rectificatin.'. 'te &pi 

eentuaiy 'r ce whr further. error reduction is 'sojsmahl
'that the- added 'sampling effort~is not. warranted. - The point
of' otmm a'ac:between the two costs, depends upon - lot ­

l~~~biepnd teavera"ge quali iy~rui pro~cess'

'level~ that' i's ',,.:mintai'n'ed,. One toi&hese factors haebe
 

mp e~szesfa
,defined, optimuz&,' can be calculated an hv been 

plnconsider ~a schemie' in hccmuntyhelhvuter

(CHV) are to' min~n~-u~y~f rg~~ local!':ist iu
 
chloroquine.V The::-decision i1s made to monitor ati t'ihe 
subdistri'ct level throutighi2a saming{ plan, ith rect'ifica'tion. ~
 
The dru':;stock for a sample 'of the~ roughly 1OOC'bHVs in each,>

subdistric6t is to 'be ch]eked fo,'viaii of chlioui 7',

Ifan excessive ~number of CHVs: s found4 to be ou of stoc 

Sall sudsrc.wllb and 

Iif necessar..~ 6xpiri6ejhas shown that,"in- general' about
 

thee~ercnof -CH rie~out of~ stock at, any one time, but,

'ter arei occaion~al -eranft . ubdistricts in which he r equi­
sitee supervision! and' c6ito'lY are 1'cin. Th intent,. o
 

deetsuc~h .so,,ti~n n kT 1eve1 S ,of at , 1least ~96
 

*CHys inth "tc resupplied. 

that siii c6 

percent ar manandin every s'dtrc.Thus1 the AOQL
is to beV41.percenit.~ The".published', abes indiateth
 
'CHVs.shou'dlb6 6eed~and 'i'f two or 'more, are'- out--of-stock,,'
 

4'While these procedures will satisfy, the AOQL. require:. 

Tolerance level~~is 21.5 percent 4 . That is,,'4occasio'nally an­
ou-'- tcrata that high wifll.go undetected. 'Suppose-that
 
a~Lot Tolerance le~vel- as, low as,1-e~eti rqired. ,The
 

~of indicates that th~e sampnle'it

-must b~e raised, to, 33, this proc'edure 'would reduce the AbQL,
 

to 1.~ 7 ecet 

http:wifll.go


The ma imu _L t o e~ -or ,%7hichif1ans~ have beendevea 1Qpercent. flwve, tbles forseet AL 
upo O eer have, en prep ared, ad heegeneall~hae a'ssoci'ed ;Lot To'racsini the, 2-40 prcnF1or m'o.st,."p-b 1i61h e aI hN Ie IdO pplctisterentr7 to be 
w~toub1 saiip11g, prolcedures, have, 'alsoi~e 

they AO'QL ables .are, 1ikely., preferied. Retfcain, 

ALQL Plans vwith _1otJ-up 'Prodctio 

'-2~~Variations 
on, the~rectificatio'n 'thm haebnldevised'to si't. ~h~h1c~ustne ducti~n takespaeiD'4continuously, rte ba eelt"
rathe n~anh disc o~~s-, The rules tare as ' 

a.*4 begin witli41o6 percent inspecti~n untili"n'unt in'­~~succession".4 are'found without'defect 
''4 "'" 

b. a ft er, this.A happens,"'inspect only 'everyft ui+ untilr a'c'efect i~s found; 4-

C. then. revert~ to, 
 06O percent~ inspection.4 untiCl
"4 consecutive units are again' 'found nJ
4-~ wthout'defect.~"'P~ 

%..Values 4of n and fare related: to- the, AOQL 44selectedSup for exa-tipJ e' that the Apr~ces4tof-inserting IUD's a'g a~Q',S'planning_ clinib- is, 'intended 'to, have _at"<least 98~peL4..ent 'of theWomen leaving the clinic with the~U rj~l,insrted.: Thi nraslates"'4to tan 'AOQL of 2.percent.. The-plan
4'4..4,dekrised for'4'su hcircumst~ances, calls =-: fe 4percent -of cases). This 

4for n 76''and 444 = '20 means thttefisinsertions twi taeplace~ unde sprion 4 If all are
satisfactory, ,only ,every., 

'"4 

20th, "insertiont- will -<be -- i,checkedthiereafter. 'If- a , fuly insertion
insertion will 'agaiin 

is, deetd every~~

be4 checked. 
 4'-­

' Reduced and Tig~htenied Ilspectiofl"-' 

The--------- procedures ,considerid thus'-4 subgroups independently. " 

far deal with' . separate'When' present_ ctions"ex

"cblored '4by "experience <of' the',.z'recent past,< iowever, 
-are 

.trends- xnay~ b~e suchworth considering. ,'If 'operationshiv6 ecome4"'-'4"-%jroutine-with'4few'4-problems encountered, '4arelaation' of~the 
''44''4444.monitoring 
 system4 may' be Justified.' on the otha~ 

- -'T~->eriod-of-di'fficuJlty may dictate ':the introduction 'ohmoreY'stringent 4 standards. :Plans 'employing norImal ,4reduced'' <and 
4tightened levels4 of inspection have been 

'4 -4purposes. ,They,,are, devised ,for 4 these-44 
t6 ,%r~Leels'4(AQL) based upon specified Acceptable 4 Quality ,-with limited -risk of Type I error when quality

4' atl'such~l'evelsvis maintained.4 



We-shlldescrilbe: one. specific lnepyiga ALo 

15 percent in, te?-ms'K6ofa sweep',hroughI "api'or.,1atirin, s'amnpl ing .
~small areas Yto detemn w erA ;a ,,,icar lar Eervic6 id-~~2L 
~covering 85 percent~ or moe.jI'th op on,:Jisi 

initsiltcting mpls, of 7 5, n ,rqiig' aI>5t V.v 6eeiv d~t ie service t1n'o- rlI &n dr 

56 o hadvTj~e-avrr e 0~~' s cvr 

sivctfV n oun L:dros blw8-ecnt 'blei t hree subarne"L s'ectionqps instituted.
 
%Thus sfYhfis 82r, and .72~
-showed 86 , 


p rcnt" cvrge, giving ''an-Iovrall_ average-of 8,0, i
inspection proc~dues6id 'e5pyeav 

,ighene~~i's saple 

75, but ~coverage of at least 6-2 of those sele'ctedX'is required,


%for- acceptance. Tightened 1 inspection continues until, <the
 

~ ~,nde~ 'th size' continues at 

) ~oveallresults reach the AQL,' i.e., ,85 percent cov!#,rage.
 

.,If the overall average- goes as high 4as :_89 percent, 
K reduced, inspection is permitted.,, This involves sample_ sizes ~~ 
-'of 15, one-fiftfr the original, and requires at' least 7 at the, 

l15. to have, received services ",for declaration of~ -,,~ 
Sacceptability. Reduced sampling is continued as~long'a-,each
 

y'-successive sample gives acceptable r Iesults 'and the L~ra1 
Saverage exceeds the , 95 percent" level deemed $accept able. 
.Otherwise:: a-reversion to' horma'l inspection' 'is indicated. 

'~' Because !the pr-ocedures take advaht~age of past '~ 
''~experience, they' can improve the "efficien~cy of 'data

collecti6n. it is essential, hoiwever;! that the past

exeiec be, relevant- to 'current decisions. 'Specifically,

homgneity -is'assumed, so thatfin'dings$in neiqhborfng areas ­

are 'meaningfully "related, to expecta~tions, for the subarea'
 
Spresent!y under investigation.
 

'Control Charts,
 

I All of the examples thus 'fair have dealt with dichotomous,
Kdata rather than -1continuolus measur~ments. ' This is because~ 
r't"'e,,,asses pqf sampling plans con'sidered have' typicall y been '---­

set- 'up to investigate attributes:thog the could I ­

'~>readi1yadapted to hadecnitosvariables. contrast,,In 


Contr,61 Charts, ,the most, common means otf monitoring processes

~(asoppsedto dis-crete' l'ots)' have been formiulated for both~
 

a ttributes~ and continuous vaiiables. Ide plcth'

:involvi'ng 'the latter' are more common and willb th basi
 

S'for the present discussion. " 

- Most Control Chart procedures cal f or fr'equent -y

~selection of s.mall samples, of 5-20 observations each. Thi's
 

12' 



~ ensures'prompti signal ing of trouble, Permits c~lear Portrayaly K
of:trnds nd I,simplifies calculations. In prtilular,

9ra'nges~-are usually~ used1'as,measu'es of Variation, 1 rather 2thanmoreI3' complicat'ed '.standarc , deviations. It can'~b hw

~VAMathematically 'that -'the 1feeie.'betwceen 
 the \minimum anid. 

maximuum values ina random sample of.five 'observations fromi anormalg di'stributioni?" will. averages 2.326 "'Standard, devia'ions.~cThus, xcontrol I__ t- o
 
ciz 1
,rEcd1atfed &asi7yon th7e_ S-1ais-
of the-'Va' ra ng~,.yetS4same interpreta.tion, as i 

have 
te ,s~ndrd.,%,rror"wr


,cla'ted., 
~ ~limts ~theestandard e~rrors fromthe mean, 1rather than the~ 4two: 'standard errors: 'typ'icaiiy employ6ed in', health.-' 
I ppia os 

4aici 1 Conventional 'pr'acti~ce' in .' industry is t set 

Suppose that a system of homevisiting 'is carried out bcommunity 'health workers supervised from'health, posts,, each''of whiclv floks after five workers. Workers*averagc- 28Jvisits per week, and, the-- eraqe difi~erence 'betw.een , tihe' best -andiWworst weekly. performance at 'al"ealth pcistis7 1visits., .Thi~Jedistrict health officer woulId like'pto monitor thesseseveral ways. Heowishes: to ide'ntify Ipromptly-iany, posEttat 4 exhibits exceptional 4performance leel (oo or bad).,during~
any, week; note post in whichto any variabil1ity,,, among pworkers'i e'xtree;, to be aware ofr ,impor'tant t ",dsjin'

~' performan~ce at any post; and to compare, average levels. 'of 
'performancel among posts -,over , time. "contro chrt, o
Saverages and ranges along the lines 
of, Figuare 4' sere all of 

- & these purposes. 
' 

Published tables relative to, samples of five indicate

that individual ranges'shoul'A be not more than 2.1). times the,-
K average 
range and that separate avrgsof five..should
deviate from-the overall 
 omrthan 0.,58"'


C times the average range. In the present case, then:
 
'poesaeaeb 


Upper Limit on Ranges =(2.11) (7) = 14.8 I' 
Upper Limit on Averages = 28 + (0.58) (7) =32.1 
Lower Limit on Aver'ages =28 - (0.58) (7) = 23.9 9 

- -Any weekly result that is outside these limits indicates
Kthat the subject health post/1is. out-of -control,, i. e.,-,_its 
pattern, o~f performance differs significantly ,from, sapractice. in addition, the visual display' of' pl~tted'~4

results, 'as in 'Figure,4, makes possible., the 'discernment-f9A 
trends , and .comparison ,of perf orm~ance: among :posts withoutKj,resorting to sophisticated statistical 'analysis.
rules-of-thumb have also been 'devised "to be 'used with 

eti 
:_the<­

charts. For example, since5'the probability is less than .068~
that seven 'consecutive points'- will, fall by Ichance-,aloAeto~n ,the~am iide of. anAvrae,"such a condition is 1,treated .s 
ot-o ntrol,~t. efe if no,I,,sin le poin falls 'outside the

'oto limits.~'-L
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n adition toContrsoCharts for, averages ad ranges 
1p-charts forpropor2ions and c-chars 'tar'counteof,:cases
are

used-.. bMonthly talli&es of the~prop',ortion of_ mothers akingm 
post-partum,, isitsing 1 ey coud be tracked with:,

the aid oft a,p-chart. Weekly: counts of< new acceptors, of v< 
family <planning mi~1ht -be plotted :on <a~&ciihart.
 

1Noving Averagesan nxo~iil~boti~:K 

'Although Control Charts ford averages <can ;:7Y-adxonnta Smotoia~m be very useful

Ardepicting' trends, moving averages'arIe sometimes employed 
o give an even clearer picture., Becauseaverages of, say,
the most recent ten< observations tend to form,\smoother line
 

than the connection -of in'dividual points, trends' appear more
 
striking in plots of movi)ig 'averages. Care must be taken,,in
 
intrpretation, however, ,for the variouslpoints, on thenloine
 
are not independent of one another;therefore, <an apparent *-'*--I< 

K trend <may simply< portray the effect, of one maverick observa­
tionpersisting in succeeding averages.
 

Exponential smoothing is a more recent innovation that
 
has gained considerable attention, especially, in areas, of
 
forecasting. The thinking <behind the concept~ is that the,
dynamics of a particular situation may «be- such, that, <recent <. 

experience may be more relevant than earlierbservationsin 
assesLsing'current conditions; yet a single recent-<observration 
is likely to be an unreliable indicator of present underlying
conditions. IThus ,«exponential ,smoothing uses past data «but 
reduces <exponentially the weight, given as <one «goes back <in 
time." With a weighting tfactor of 0.9, for example, the~Most ;<

' 

rec"ent result is given full weight, the one 2rior is givenIa 
weight of <0.9, the one before that counts, 0.9 , the preceding
 
one 0.93, etc. i 

An attractive feature of exponential smoothing is <the< 
simplicity in updating averages. <Again using a weighting
 
factor of 0.9 for illustration, the< previously calculated
 
exponential average. gets .that weight in determining <the new
 
average, while the latest single result gets, a weight 'of 0.1.,


SThus, the~ resulting .average is somewhat'' like a ten-point < 
< 

<<moving average, whereas a weighting' factor of, 0.95 would'~ 
produce results akin ,to a twenty-point moving average. <The 

weight selected, therefore, depends upon how rapidly circum- ; i 
stancesare thought'<tobe~chaning.<< 

Factorial Desiggs <«« 

Factorial designs represent a class of procedures< fora<
 
data collection and analysis that have been employed widely


A ­
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'in' halthas" wellJa industriu applications.~ Thoughthy 
are~ ~ wll~ ! ledn o,healt . rfsionailsfthey arincluded',here because ,two dvnagelssola edwith' them are< 

,soli i akotnt .that they. ' shoild~ b empl6yed wherever'ppssiLb]l
,especially when th' effects: of .two :or more :fact'5 rs are' to be 
assessed~ simultaneously. 

i7o_4ghl-ight--those-7benef e siu oni, 
~'~2.wich. use' of t an underf ivesit clinic i~s : hypothesize ,t'o bei

a~fet'ed,by,,travel distan'ce and education of the 'mother.' Ad~<ji's'tinction 'isito be made as to,whether the;,,esidence is.,less

,~,,~that6Ioe m~iile, between 11 and~~3'"miles, or. more~ than three~

mXiiil~s f rom -the -clinic. 'Mothers are also .to,be,ditinguishedIaccording Ito whether' or not they have: had primary schoolin~g.-
SThe dependent variable is the number. of. clinic visits, madeduring; the infancy of'their youngest child. ecaeae 
among the ', arious cominhations ofcrumtne area, to be'"' 

pompared
 

Consideratiors of tolerable risk of' Type I and"Type II error dictate the size of sample, required. K et :us -suppose
that 100 observations ~are neededt;'from' each' of'the "threejj
resident' distances in order to achi~ve the requisite _4precision in analysis. if each", group of: 00 jincludes '50schooled and 50 unschooled mothers ,' the total "sample, of'0wuill be sufficient to analyze the importa'iic' 'of both facto6rs'.""
In other words, design, efficiency is obtained "in that,,., each'observation can be used 'for two, analyses; instead:of:,'one~Perhaps more important, the two analyses cn be carri~dot 
without danger of confounding. I1n determining 'the iportance'~

of distance, f or, example, the ,effect 'of . ducation can'Tbe,
ignored, 'since the proportion of educated', and "une'ducated 1
mothers widthin each of the;"distance"l categories is th'-sanm'.
 

Apart from the benef its' of its 'efficiency, ,factoria1l&~des' igns have, the advantage of being' ableactions. to test ~for 'inte'Perhaps the. more highly educated mothers utilize, .' 
the clinic, regardless of travel "distance,' whereas the others'~
tend "to use the services only if '"they ar edl cesbe
This interaction possibility is', routinely tested in the 
factorial analysis. ' ' ' 

asist
i/TO Specific ADD lications,
 

Toass in- the ~explanation 'of'aiu sapigplans, f~.
bifreference ' been 'has ma'de to 'a number of, possibl e,applications 'to public' health investigations. ~'While, they:'>~were, intended to be' realistic, they were introduced-mainiy'~~for ,purposes of illustration, and no atmtwsia~t 4
eaote'them ,in' detail'. On the,, contrary', :the,, purpose in~gthle present section i st spell out_' specific. recommended""' 
Sappl'ications 
 of selected sampling miethods. ~ f 

'' 
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~-The list of 'Lppli3cations is by oeasxhutv;i
 
Sis me~nt to be, comprehensive l~n_. ,o regards, however.' , First,
 
~1it includes three generid tpics, of, applicability needs
 

assessmient:; service s der'ivery;.. and, management. Second,,the ~~ 
suggested, applications represent a range of methodology that 44

' 1 encompasses' both lot And process. sampling of attrib'utes, as,
wela continuous variables. 
 ji% 

Clse sampliinq'. Lot Ouality Assurance. Sentinel Surveillance 

'''~~'We begin the consideration of applications' withy'

reference to three approaches that are already Midely' used in

the health field. "our purpose here is not to describe in 

"' 

"' 

detail the methods of Cluster Sampling, Lot,Quality Assurance
 
and Sentinel Surveillance 'but to offer a critical apprai'sal' 
cf their roles and usefulness within the compehesiv
framework of sampling plans that has been presented. 

Lot 'Quality Assurance }sampling methodol~ogy is sometimes 
presented erroneously as an attractive alternative, or
 
successor to Cluster Sampling. The fallacious reasoning Iis
 

Sthat LQAS can provide definitive findings 'about, population

~ subgroups on the basis of smal. san-iples and at the same 
time­
,"permit 
 aggiegation to yield estlimates regarding, parameters of
 

; interestz in the total population. To appraise-'this
 
'.contention
 

1 critically in specific cases, we must first 'e'
 
clearly the target population. Then, if certain su flroups 
are of interest, we must establish the' patterns of variation 
among them in order to be able to ~select a sampling plan that~ 
isp appropriate to the particular 'circumstances. Finally,, ' that plan should go as far.,as possible in ensuring-that each' 
member of, the population or subgroup has an equal chance of' '4 
being selected. I 

If the tar get population is large, the selection of'' 	,clusters may be the ofily practicable- way of obtaininrg a ~' 
sample of reasonable size. :In this casethe clusters should 
be defined, to be as heterogreneous as possible. Ideally, each 

"'cluster 'should be 'a mirror image "of the total population.
Short of this, variation'among the clusters in the character­

'interest
istic of should follow a normal probability
 
~ distribution.
 

Having defined the clusters, selt_-ction of a sample of
 
them should follow principles of randomness, with selection

probability proportional to "size (PPS): Selection within ~ 
"clusters 'should likewise' be ra.ndom. Systemiati' sampling ' is
sometimes' employed for corvenience and to ensure that the 
sample" is broadly repres'n ative (e.g. , all areas, of a "" 

.ivillageincluded). Care mus') be taken, 1however, to avoid any,

cyclical patterns in the data. In sampling medical records,
for example, it' would' be i~nappropriate_ to, select every 

:l~' 
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sev'enth «day for investigation, sinceY this wudmenta
 
<only one diy of the week would be repre3sented.y
 

If the) population of interest« turns out to :bessa11,7~kthen clustering 4is,unlikely to be necessary. If 'itvcosists\o iverse ,small? subgroups,~i ma e~ot prp te <t 
treat each subgroup -as a separate population for 'deci'siOl 

between si1bgroups tend <to -be bimodal.,~ Thus f-j'nimmunization, program .has',been active 'in some comuite:,'ad
n~'.Yit Anj other~s, coverage: levels are likely' to cluster 'arourd ~-<two percentages,< one high? and' dne relatively low. The 'aim of
smlng would< be to :distiniguish <between 'the two. gr-oups dfcommunities for purposes, o6f differential action.,~ Toaggregate findings to obtain an overall, 'stimate of, covera.ge
would not be very meaningful andj,in fact, could 'bemisleading. One should notbe trapped intbthe i .aningless
exercise of sampling from a bowl cdontaining- watermelon and? grapes in order to obtain an estimaite of the'laverage~diameter

of fruit in thellbowl.
 

Although the- combining of."information from subgroups~t
obtain composite estimates m,ay be inadvisable,i it< may< be,useful, to, analyze the entire body 'of information -in? a~n 
attempt todiscern meaning.!ul patterns of< diver it'r«~Fr
example, when two distinct 4evels of coverage exis&, dothesetend to vary among villages <according to th'e -district .'in',<which they are located, according to accessibility to pavedroads, or following 
some other pattern? Such <investigations

will be considered more 
fully in the next section. «< 

<7 <Where diverse subgroups are to~be studied, <and ~possiJbly
compared, each should be defined to 'be as ,~homogeneous<possible Thus, the principles of stratification 

"as' 
should< be,<followed, not the principles of clustering..' The': LQAS
approach to the sampling of these subgroups is freqently'advod'ated, 'but we should, recall that this <approach<~has>',no

magical powers; in' fact, it is among the most rudimentary
me hods available, <and <in many cases <will<be distinctly
inferior to other iiethods 
we <have, described.« In particu1li~ar
if the sampling procedures incluide-,,decision rules regarding.
rectification, 
an AOQL plan 'is 1ikel.' to be preferred.
 

In any event, one shnu21c'.'',ot expect <too' much from .any~~sampl ing <plan.< Three points.,/in this regard <are especially'a~
v< worth noting. First, division <of theapopulation into <Small,<subgroups serves 
to reduce the sample size per subgroup1 only<'47
slightly and, of course, !increases trmnosy h vrlsampling required. cTo illustrate this, consider as'iil~f?peo50 from a populatiion of 2,000 for purposes, of estima~x~n tet 

prevalence of a certain condition., The estimate would havea
standard error ocf about 7 percent. If for some. reasonte
?groups of 200 were,~ identif ied,, and similar estimates u$-,ere' 

_V ,-< A 
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I 'sought for~ each, group separately, jsamples of. 41 would be~required ' o 
''' 

obtaqn the same precision as, before'Although
Sthe -new 'ouainsare. one-tenth the- size theof original
one Athe new sample sizes Xequired ar ,82)percent as1 large as 

SThe, second cautionary note concerns.. comp arisons. o'If a
 
~ E~'~bed na-siate'of.coverag7


"that, is in error by no more ;than, say, 4,ten percent in any

population investigated, then estim~ates ,of ' the real,­
difference between two specified populations could be in" 
error ,by as much as 14 percent., This ' is b~ecause : the 
~'stied o ferene e is subject to two sour~ces of 'error',,inseadof ne.To'7obtain estimates of differences that ae
"7in error by no more 
than ten percent would require ~a doublinghj>
of the sample size'.in each population, thereby leading to' a
fourfcld increase in sampling overall 
. 

The third note of cuinrelates to absolute error in . contrast to proportionate error. Absolute sampling error is.
largest when the. preval 'ence is near 'fifty percent. ' In this 
case a sam~ple of 100 is required to obtain an estimate that~


~'is within'ten percent, of the true prevalence. 'On the other

hand, -ifprevalence, is roughly twenty percent, a,sample of 64.

4 would be sufficie'nt to obtain the same accuracy. ,,, As'K',
prevalence declines, one 'generally insists upon a' smaller

absolute error. Whereas estimates 'within ten percent 'of ;
Sfifty might be tolerable, one might 'tolerate no more than,
 
say, four percciit error from a ,prevalence of twenty percent.

In both cases tolerable error ,istwenty percent of population
Wb revalence. When interest centers relative error, rather:on 


;'investigate comparatively rare events.
 

4 Despite these limitations, the fact remains, that 3a',remarkably accurate picture of circumstances in a population 
can 

""" 

be obtained from a relatively small representativew
sample. It is also well established that routine records are r
frequently not a reflection of population con~ditions. They. . 4~r are, maintained for a biased group of service users, 'and they ',~'' 

are typically inaccur~ate and incomplete. The focusing -of
data collection at a few well chosen and carefully, controlled,,', 

. 

sites through Sentinel Surveillance therefore has'

considerable 'appeal, especially 'if the information is.:
 
actively sought from representativemembers of the population 
 ~' 
rather than passivel n eetvl received..'
 

is The monitoring process by means ,of' Sentinel Surveillance ' 

isusually served -better through frequent small samples
instead of occas~ional 
 large samples. 'If conditions' are
stable, the aggregation of results from the small samples is~

'as Informative as the one,,larger saiuple, and. in, the event~,T 

"~instability the frequent, monitoring will reveal trends,,or 4. 

http:size'.in


Otherwise gi{fe' early warning of' impen~ding~ trouble. 'In shortP jproces , Control~ Charts are~ id,3Y- suited~ t~o' Sentinel 

Wfhenever-' Poisson4 probability is aplct poeue
a' simi3fi .because:,oirene track~the -numbe~ri 4 dYnly 	 of 

of time.,an "average of, 16 caseis.of-rarasmus~have been iseen per4.
 '
 
A	month' f romi' 4 a ';particulr'ariea .: If~the ~dcisibn3\ is madelto set,.con-trolx"'limits.,to ,signal .action,4at, two, standard 'deviations"I~above 'theaverage3(risk' f Type I error,.,is t1en 42'.3 pecen)


th6,ilimit in this case :i'sreadily determinedzto~be 24. This'c

Sis because -the',. stan~dard "deviation is simply. the square'~rot

of the average, or~4, ,and the',cohntroi" limit is .'therefore' 8 cases 'above the average, as,"shown i4n, Figure- ,.,5
<' observation Of 25 ocr more ,"ae in a month; 	

The 
would I call' .for(

-speci.al investigative action. 'The Control'2Chart 'might alsoKportray a trend that would trig~ger action,. bef ore fEhe :upper~~
limit was a.ctually reached. This visual feature :of Control
Charts' .is 'especially' useful. where seasonal,'patterns 'are
anticip ted or outbreaks are common. 	

A ~ 

Basic Sampling~ Plans: A~ttributes versu Continuous Variables
 

'We, move 'now to other suggested sampl'irgap~proaches toW).thr~&e mpain areas of investigation: 'assessment,iy',needs~


servieei delivery and management. often we ,can~ ,be , qiteA
satisfied, of,,course, with a standard sin'gle .aDple' of ,size
large eiiougah to" limit risks Jof.'Type I "and Typ'e.II .rror 1 to*j
tIolerable levels. Even under these~basic 'circurstances;,.the '
 amount' 6f sampling can be reduced "through "careful, selection ' 

of, the ;population parameter to 'be 'studied. 
 This, 'is "
illustrated in the first needs assessment case. ~ 4 " 

Supp~ose that limited resources for ,an intensified?" 
program 6~'f maternity care, are to be concentratd in certain 

4' districte'i with 'especially high incidence. of 'loi birthweig'ht,<4 
'(LBW)'. 1 t'ate ,of '10 'percent is cons id'ered," acce eptable, -and. 

k"4 the sampiina plan is to give a high dearee 'f4assurance that'
districts~ withy LBW, jates of' 15 percent~or ,more,_.wil: be~
identifie ,d as "significantly' high" and therefore candidates,.
for spec l 'program, Ittention. These ,sti,plat'ionIs,'cu1d,, 'beinterpreted , to:,, miea' that 10 percent .LBW, is, 'acc pta-bIle", fand

the assod~.ated' samplig, i~k' of,-.Type ~I 'errorA 'i'to."e 0,05
whra )o i
5pren clearly 4unacc&'ptable-and4' is
have :assoiated risk ofiType II. error limited, to 

to, 
0. 10. he,

sttsialrqilmrt-rnlt i'nto a sample iiize' of 363.A 

In, the, course 01" sapigthe'actu'al birthweight might
be recor"'a. Then the paaee of'neetddbe'averages

birthweight, 'rath~er- 'ta,'ecnae.,brh ':bd(low '2500"
 
grams. l birthweighits ar~e :normally distributed withL
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gram 4 0re''-B whilepercent LBWq, te,15Lilhv 


ccaa ans.~Ilainwould.have Yan a unaccepthw'
Using these aeae odfn a 

Ih 711 tht
he' ,,ample,, z -oui'be, reducec 11by 59 pecnt. 4 This ' is"
1because ,more information would "be obtained from each:
 

obs' eration.~
 

pattrn
f vriaionamong bifthweights *should be ..Iregula6r~. 11 
Inparticular it "should 'not be 'bimodal. Bidatyocrs A 

>.when the 'population is .comprised of two,distinctly'different
subgroups, :and in su.ch' cases,'the" averagig" unLike 'unitsL 
can be~misleading. Inthe absence of a meaningful, dbntinihous~ 

mesrsampling~ for attribu.tes e., B~ is -som etimes,~

''ecommended,.',Trhe problem of comnbiningAunlikE 
things remains, ~ 
Ahowever. . Moreover, 'the, con~dition is difficult to' detect' in 
attribute sampling, w~hereas 'it4 is Areadily picked up, in the 

' 

distr'ibutio'n, of ,a' continuous variable,/ In summary,
consideration should be given 'to,, the i se of continuous 'A 

measurements in 'place of Aattribues 1.henever ,this, isA'A 
;feasible.' 

SInvestigation of Breastfeeflng through Double Barniing I 

Asecond illustrationi )of' needs' assessment-,,,concerns'~breastfeeding.' 'We supp'ose ~hat surveys Vof mohers' are to be,"~r

carid out, in, various communities' to deterniine wh'ether they

continue to,.breastfeed Atheir bab'1es ',t age tne oth,3h
 
aim' is,'for at l.east '80 'perc'ent' to be breastfed at that',age~

and, the ;surveys areA meant to detect ~significant' depar 'ures ~
 
from that'level'. I:.A" 
 '
 

{ To meet the stated conditions we haveslightly modified1
one of, the standard industrial ;samplingpashas'olw­
.select a random sample: of 135 mothe'' Conipdans basfedows'
 

, t be,-satisia'ctor if at least, 25 .women >follow the bractice.1

Considcr it' unstisfactry-"and. initiate 'corrective, actio 4 ifA
 

~ ifewer womenm breastfed. "If 'they sur-vey A finds r~.that ~
 
_66tien, 9 and .24 ,women ,pracqtice :breastfeeding, a~-seconld
 

Ssample ofl 70 is -to,be selected' to -obtain 1ore definitve 7
 
results A A v
 

The' OC curve fbr this' pIa is n -in iur 6. w
obev hrsne reAFiue'K'bsrv t 'twhereverthe desiredA level of, beastfeeding. in 

fac 'prevails, the'sampling',procedure1A6 declares,"sat4sfactio n. 
~with,".97~ percent prob~ability. -on-' the other hand, "j'
~b-re6astfeeding- rates' a's :16w'as 60 percent- will be detected as~ ­

lf\significantll departures from 'stisfactory levels' nearl~y 9 0A 
Sperceri ,of 'A'' ~''<theytime.'~'~A l AA 

' I 'A~' '4 '~ A A~ r 4 A ~ ' 2 , 0 , ,~i ~ 2 A > 



Figuie 6 also shios th~e average, samiple :size requi, ed
un~der,. the 'ange of~'brastfeedn rcieta ih'h~encountered~ <As exected , ecnd~tc~'i~Ti ',secn
~required if breastfeeding 'rates mple rarely :will, be,are,'t :desired vJ n 
above or at levels-ofF2O pretadblw-Ueriteredi-l

at conditionsqcehwvr heaeaesml sz a 

of.'Figure 6,'peC-1f~ a' saimple ,7 ,47, -and~require- es ,,3.
be ffed ng woiien 'fo c&ondii'~E6t Ibe'bnlered:,s'a Itsfac-,

~tory' Thus. 'are L. oinmiif~c&idJions table2 .osIE uni tie
ar&e ,at des .ired ~1 ev~ls of bested ' pracdtice' 

smaller, than is,;required by 'the c resod g.Is gesmpln 

atomatialiy~ 2nvestigated more.. t oroiug y - y.eans;.ofasecond sample, and will' mos ily 'be classife crety 
Onte othter hand,. 4if, practices,.- LVary wdl~a~n
communities, the benefit's from double samlinwilApoay

r 1llpoal m nnot be, worth the 'additional' administrative burdens they
entail. ~ ~ 4~ 

2 Monitorin4 services Delivery through control2 Charts' 
As {uggested earlier,Cbntrol :Charts are-widely used in 1 

industry, for ,process',monitoring ,,and, they can 'play.:a,,useful
Vy role, in the monitorin~gof healthV services. delivery"., as, ,well.

>We" have already lillustrated the '.use,-.,of control charts in aiScouple of ways,, but thee are many',variation's "on 'the 'theme,
and the <following sceinario,introduces Lyet another. 

.' ~-~---Field carryl 1<- workers out, homne visiting' for,'>several ' $
~4'purposes,, and," they submit411periodic -'reports' f'. 4volumnes of'

~'variou's .'categories~of.. service provided.; 'In"'add'ition:i :,an


4-4</overall: intdicator' of. field activity isi of Iinterst, and 
4.,weekcly, 
 m~rileage, reports are ,i.sed for thiis purpose.' <Analysis

of past. reports. has shown that we'ek -uweekdiffererides.or" 
the .typical worker are such that a, standard, deviation o'f5 

km.has been 'calculated. Thus , a zorker who,4-rgs6

kms. ofjtravel per week, may, travel as much a~s <90 m
 
so e weeks'6nd- as few~as 3Oicms. in others. 
 -7"n 4 

:"'"'In,order .to gain,-a', more st'able ~picture' of";individual
performance , weekly ' aver-ages 4for, each ,month are',to b

~calculated and - plotted on -a 4control: chrt It has 
 bee~nr4established- that'ri.wrkers' who normally average, Jess than, 30' 

44kins. 
 per e~k~jnjtravel,, are" probably,;o suf.'cenl ctive 
i,,home :vis-ting 'and should be:,investigated.'t theote
 

extreme, thbse'who average more than'100 kms. 4per week myb

guilty of mi'suse of~vehicles." 
 m~b,
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The data: indicate that ' he sandard eror of -wekaverages is 7. 5. i conrlimt are tlibased upntw

~standard~ errors,, therefore,~ the' wilbe~se at 15,anfd711
 

inr Figure~ 7~. ,Any. workcer wi~th a~ekli av fr;.,t~1~~b~ 15 can be oi~~
l aot cops de red to be operdtaing

intcnl beo 30 S J mil i b 15i
 

In 'addition~ ~te vtwo control Timts all~bwing~for~chance var1.at onthe.cntrolch~' dipas(ah~

~the~ extremies" of 'loh4g-term ' acceptability. Any worker 

lns 
whoi


performs consistently above or -4elow 'the dashed lines ' is
 
likwie,'-"ot-f cotrl:" ven~ f'n single point exceeds~%the' outer, 'control limits.. d >~ '~ 
Teappr'oach j ust described id cnservave" n'hti 

;~only, flags :case's tha are clearly; exceptibiiai.: In'contrast; ~ ~managers ,mayf prefer to set control limits within th6e dashed~ 
lines, rather than outside them. In "this caIse a Ipoint'bey'ond i~thei -solid c~ntrol, limits. would Jrnjicate that the worker;,""couald' be"l. iAh violation of standard;, and should 'be checked, i


Qwhereas~in 
 t$'e' earlier-. situation. the 'conclusion w~ould be that
S~the worker, 'gIfi in violation beyond reasonable doubt. 

S8elective Bupervision'with Reduced~zud Tightened Ins3nection 

rii~ile 
LconCept.JL 'selectiye 'supervision.- !iSome.,workers rneed, more
suipport ,and~llassistance :.than . others;', and." scarce, management~

~tim.e-and 'effort, should ' be f ocused' on' the _exceptional cae.;


Athough,. a supervisory 'visit is'~a oethna nspect ioni
iustyial~:qu~ality' control .procedures can :serve~ a_ useful 4 purp pse, in-connection with supervision:..,: Spec._fically, the'K

following case illustrates 'the use',Iof: reduced and :tightened
samipling procedures in selective supervision'. 

Me 'o Mnagement 'by Eceiption leads to the1 

SWe suppose~ that: ORS was introduced into' a certain 'region

<two ye2arsago, and. it 1is.expected:!thatby. now .60 ',percent 1of~ 

' 

dirha asssol be Iso tre'ated~ To,-check 'on .this the

ffield 'spevisor -elects, tuenty-:.cases 1for review 1during ech
 

of with each .worker. Ifj over a three­month.,,prid he fids.iat 1 2 or fer fte6waecis
 
ha-eeie R 'h6,oncluaes: thatl the'.area concerned fll

sin~iaty si anin'. .estigates the cause~and'> 

Udr.tightened sampling th 2 1 supervisor also1 selects ­
>twenty cases per month. If in the next7 three-month p'eiiod he~findsat'l-least, 3711 ,rae cases~aiuon4:.th'e 60 seected, he. 

oncludes ta performance is satisfactory and 1return~o~normal insp~ection -,ules. ifIfe,.- finds between, 31 and 36 i

treaed cses p~io'iance rema in ,s suspect-, in a" Yellow Alerit
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Sfewerteated,, cases conifims earlier 
concrnsandcaflls forRed Alert csi" _action.
 

thenor
f~in, the course, suinepectonoth

%,finds at leas 45,OStrae case utOo he. is
 

sa____________peforan~ior_,sicfnifiantl 
 a0o e 
acpe standad ,ad reue'sreiln onc every,-t. ~ 

;three mots Ifrd * an~n re ub s eent fc the
 
twenty. s a'ises:ed. 'reveal' seenor fewer' treated cases
performn66c'.'become supc,, s n'' supertyvisr trn te
 

nor casentlsur lln prcdrs. rib~reun t 

Teverball statement of ~thf.-decision rules may~make ,the,
 
seem complex. ' ith 'the .aid',,of" a' graphic dsly si~Figur 'e8, however,.they';re se n to be qiesrihfrad 

~Figuire 9.1 displays$ the 'OC curves for~ the, thr~ee
 
procedures. :The' 'normal,~ sampling proc<edure, is virtiiallj
 
ccerta in to find 'conditions satisfactory iw',en, indeed thy,'r


LW (60. percent 'ORS ?treatmnent rate) -and -provides nearl~9 0
'percent. assurance' that corrective": action .'ilb :iitae 
whenever the teaintrate,is, as, low~as-246 ,percent." On~ce
~trouble is susp ted4 n tlghtened:inspectionprceusinroued pocri fo Typeroedre 

cocer Tpe-I-inrodced fr error ~is1 4 heightened. ' The
more:stringent procedureIs reduce that' rial-below five .percentwh'~~ treatmnent rate iA 40 _percent; y eesaiyo; 
Course, the4 risk, of, Type. I error" is also" raised slightly to'
 
about ,,,,even ,percent.,. Under~ the circumstances lead in{g to~
 

ruced, sampling, '-no, difficulties' ,are~ 'aniiaeadthe
 
-decision rules are designed. to,:avoid Type'>I ero. I~h
 
lir ikelyd .event that" ORS kuse deln hoee, th6.e reduced

samIp.Liflg. may-fail' to, raiono
 
iimediately unl~ess the. treatment rate falls, to':25 percent or
 

'~"'It is clear, in 'principle at le'ast, that, much of fthe 
~survey'' exper'ience-'gained ,in other -fields 'is tapiabe'o
pubIic.' healt'h.' Pra~cti'cal ,field,':ests' are~needed, hioweve,e 

st t ofim the, feasib ility ,of' cer ai'n 'especi, ly,~
p1ronising ppic~tiosi'd "second~'to"~adapt ~,and' irefine 

conditiions~ ~f ced by 6alth workers, especially ads' thiey deal.
 
,with issues 'usd th'eL relatively nar ,, 66fnso
 
i'mmuni zation coverage where substantial prie.-ale
 

411 llu. trative subjects' for' investigation are summar~ized,
inithe f "lowing paragraphs. 'Although the l'ist is certainly.

not e'xhaustive, it does, cover- a,number of'issues o6f' current

importance. This is not the place top'sn -et-ie
d 
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research, 3poocols, but each of the propsals is 3presented in
 
sufcin 3detaiI to cl~iy he problem to b'e addressed and 

thesuggstedapproach to I-ts soluin 

"Likely;'pie~d 'Tests ~~~3 

'3 The pervasive, needhexis fo efciv 'mnorg

,Procedures to,3:attain ,uniformly ,highl,''desiA4~ levels of

seryices. coverage';across' diver'se~ areas., -Liiitratio'ns of LA
: ecie r, and i ca "' 1experi-~

'ence -has'be d 'outsfided EP. e vrg
be 3 'uns'ti'slaciory ap of- he-cncp-,-,o 
r'ec'tifica~tion eems reasonable, 'and,'acb66rdingly~ ;AOQL!'4plai 4 

,in. 

'are 
 attractive. -"-Such plans should be,.designed, anid3 tested .Ih~ 
'connbtin dw~ithi 3 EPI- and f or some, 6 he prga a'eryyh


d~ffrent character. ~ 33
 

Sentinel' Surveillance 'isgaining increasing 'respect, as a
basis_ for, the monitoring of- health3 conditions. control~ ~~ 
Charts, the 'most. w~delyr'used, mlears of. Monitorig idustr iaAI~'processes,, 
appear ';to offer promise,, in' connectioni.''with 
Sentinel Surveillance" as well. -They are easy to design3

3 and 
' ipement;, "'33they 'inolve frequent selection of--ma'l'3samples

3~~.,t~~and signal nrids
ther~fore' 
 _'3Promptly; n r~id'
e~

readily inter~preted *isuaJ.7comparisons. These3considerationis
 

''100d tot the recommiendation that field 'studies be, carried. out>'

Wto' determine appropriate' ways .to marry Control Chart and

-Snrtinel Surveillance procedures. 
 3' 

'"closer Scrut'iny of Patterns of Variation 3--3 'Y. 

,Nmru apling :plans have, been' devised 'to-'serve -'~"different objec'6ives\ and to"'accommodate a wideorange'of~ f-ied;v--'

conditions., The, efficiency, rand validity' of -a specif i-c1, plan ':--~
~in particular 6 ircumstacs gral eend upon the, nature6..-: 
 ' 
variation -under those conditions., For exa~mple, as' we~have -- ~-~al-ready observed, the -3aggregatibn' of inomto' from~suib'1-­
groups with bimfodal characteristics, is.'a.far different3miatter
 
from, aggregation under' conditions' 'approximated .by the normal'
3distribution. 
 ,Moreover' the., miagnitude ' of -variation.,3 among,~'3'

jclusters- in'rnelation- to3 ,that I33,4thin- subgroups' aff~'cts., th'.
:&efficiency 'of' various.,.-sampli',,; plans2 The, critica33 

33im~portance of variation~e makes, this. subject the ppropia e~focus tor 'field operations research. K4~>-3"'3 
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Quick-and-D rir A2roaches ). 

Three. ;specific; aspects, of vaidition :are ~roposed 3 for 
first, consideraton Stms from usual 

trade-hofof between ,,staiticafl Irgor and- adminstrative ease. 
:Inpartul~ eanrepresenta: ­

er 
rep1f accessiblem 'mbers ,6L:f the':population- Thie problem ,is 

t1 : latter ikelyto b more status <'the aereu !ani favorable 
dng. the parameter otinterest: than 1's evidet in the 

_tanI eses coltapimi b are unsatisfactory under 3h 
s of hwe vwr it)


s ftis perhap unnecessary to iatioch
 
- frter. Ths if ~only 30"percent ot famiilies liying' within' 

~five kilometers ,~of a health unit are found to utilize' ,its-~

sei~vices, it may 'nt be necessary to go to' the tro&uble'of
 
sampling remote areas to documnent underutilization.1 Thi'is


,especially the case if a3 pattern observed among ,those :within 
one, 'thre3, and'3 five, kilometers of the unit can 1be' J 
extrapolated to greater 1 distances. Extrapolation -canKbe:v-~ 
dangerous,, of course, but there are sure~ly instances in which'
 
appropri'ately, desi~gned convenience samples are good ., nough. "" The, ,proposed examination of the issue is not very

sophisticated but 3could lead to decision~ rules 
 of,
5pu!laio,n g alltiy mp nenenraer masr
considerable'practical value.
 

Efficient Cluster Designs 

3The~ second a~rea of 'investi~gation, related to Cluster,
Sarnp2Jng, is, more .comp~lex and3 requires some introductory, 

H statisticaii explahnation .'; We define: 

Im, = number bfclusters selected 
n =number of obs'ervations in each cluster
 
Vo= variance withini clusters
 

V0 = variance among clusters ~
 

fr The process of sampling generates a statistical measure
freach cluster. The,, measures could be prevalience '(orco-verage) rates" 

II'I1 

P1, P2, P3,, .. ,PM
 

4
-or they, could e sample averages. For purposes of present'J'
discusi~n vewill ,limit attention to .coverage. We also 

assume that clusters, 'are definied to be of. equal- size, (To 
assume otherwise, would complicate the mathe matics, but would ~ 

~.not'alter the principles~to be enuinciated). ' 3Then~- , 1 
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Vp = variance among Pi (i = l,m)
 

= Vc + Vo/mn. (1)
 

The av2rage of the 
Pi is an estimate of population
 
coverage and is subject to sampling error measured by the
 
variance
 

Ve = 	Vo/m + V./mn. (2) 

Where variation within clusters follows the binomial 
distribution, Vo is Pi(I - Pi) and is at most (.5) (.5). For 
the sake of this discussion we therefore assume 

Vo (.5)(.5) = .25 

We also specify that sampling error is to be limited such
that t.'o standard errors are not to exceed a specified level 
L, or 

Ve L2 /4. 

It follows, from (2), that 

.25L 2 jc/m + .25/mn 

or 

L2 = 	4 Vc/m + 1/mn. (3)
 

The total sample size, mn, will be minimized if clusters
 
of size I are chosen. Then
 

1 2 = (4V c 	 i 1)/m. (4) 

Because of economies associated with clustering, we are
 
willing to exceed this minimum, but we might stipulate that
the 	 total sample size is not to be more than K. Then (3)

becomes 

L2 
= 4Vc/m + 1/K. (5) 

With L and K specified, the number of clusters, m, depends 
upon 	the magnitude of Vc.
 

These considerations lead to a possible algorithm to 
be
 
described with the aid of a practical example.
 

1. Select five preliminary clusters of five
 
observations each and obtain PI, P2 , ''., P5.
 
[Suppose the results are .2, .6, .2, R; 1.0]
 

2. Calculate Vp. [Vp = 0.128]
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3. 	Determine V. from (1). 
 [Vc 	= 0.078] 

4. 	Specify L and determine from (4) the minimum sample

size required with simple random sampling. [We

suppose that the estim:.te of popuLation coverage is 
to b. in error by 10 percent at most, so that the
sampl. si:ze must be minimally 132. Note that if VC were 0 (clusters maximally heterogeneous) , then the
miiiimum sample size would be 
100. We could specify

K as a multiple of either of these minima. ] 

5. 	Specify 
K. [We select K = ?64, being wilLing to
make as many as twice the n-,mber of observations 
needed with a random sample.]
 

6. 	 Determine from (5) the minimum number of 	 clusters 
necded. [We find m = 21.2; then n = 12.5. As a
practical matter, select 20 clusters of 13
 
observations each. ] 

Table 1 presents generalized findings for a range ofvalues of Vc 
and K, holdino L fixed at 10 percent. With Vc _
0, that is all clusters equally representative of the popula­tion as a whole, a single cluster is adequate. As V0
increases, meaning individualthat clusters are more unique,
a larger number of clusters is required to get aaequate
representation of the entire population.
 

The 	relationships that have 
been spelled out suggest
other manipulations and inferences. The main point ofinterest is to explore the advantage of two-stage sampling,the 	 purpose of the first stage being to select an efficient
clustering design for use in the definitive secona-stage
investigation. The problem is that a small sample at Stage 1would give an imprecise estimate of V. and could m islead theStage 2 design. On the other hand, an excessivily large

Stage 1 sample could itself prove t-' be inefficient.

Investigation 
of these trade-offs under 
field conditions is
expe-tod to tolead flexible decision rules and consequent

Cluster Sampling 
 designs most appropriate to local
 
circumntances. 

Pattern Recogiiition 

The preceding section has 
 been concerned with the
efficient aggregatior of cluster findings in order to make
overall assessments of defined populations. In contrast,
sample surveys are frequently intended support
to rational

action in relation to population subgroups or small areas.

Because sample size bears little relation to population size,
this can lead to substantial data collection 
from a large

number of indi,'idual areas, and it is 
important to economize
 
on the effort in any way 	 that is acceptable statistically. 
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pret~ed', separately, they, May :not' be enti etlndpnet

~Rei _lts 'from.4one 'village' mayi,,be Iclos~r t ths frma
 
~adjacent community 'than to those from another: 
district.,Similarly, findings from acret'' vyma emresnia
 
/to thoseZ_dor vdd .one_month-ago-thanto thosa of -one year-ao
 

Ths osieain lead, to the eIsi~arch, for, poractical

techniques of pattern recognition., Two tcr±es_ In parti-,
cuar .hold. promise, the' first of :w,Ithi xpn~a~smoothing. ',Under certain conditionls .there could be merit in~

ai>kiziddf weighted average that gives full weight to 'fin dings

FtYfrm te-latest less
K< , survey, weight to'~the immediatelypreceding results (Ft-..), 
and still loess to those earlier, so4
 

~that the best estimate of oealcniin'i
 

Ft + WFt. 1 + W2 t.. + W3 t. + WnFtfl (6) 

The trick, of course, is to find a suitable weight, W,
between 0 ~and 1 that does not give excessive attention to old
 ..data, yet minimizes the effects, of imprecision associated 
with a ifngle recent~ sample estimate. We propose
~,investigation of the matter under actual field conditions in.
order to determine whether practical algorithms can be ' derived. 

V. The second approach to pattern recognition involves the

"response surface" technique >of analysis that has been used.to improve yi 4 elds-from industrial processes. The approach, g

.<can'be iosteasijy visualized in terms of an outcome (quality

Sof pr~oduct) that is a function of, two . factors, say

temperature and pressure. Levels of the two factors are
portrayed along two 
axes, X and Y, and the yields resulting


.from specific combinations of temperature and pressure are 

.,represented 
 by a corresponding perpendicular height above the

S(X,Y) coordinates. Thus the process* is analogous 4 

Smountain to be climbed; the 

to a
 
analytica. problem is to locate~ 

1Kthe peak and to define 4the terrain that characterizes 4 the'~ascent to that peak. Hypothesizing that the areal patterns .


of Lservice coverage may fit this model, we propose testing<

~the response surface approach to analysis of findings from


!4subgroups that are relatedgegahclyorpsiyaon
other dimensions.gegahcly 
 orpsiyaon
 

The. recommended investigations are not likely to be

equally feasible or 
of equal priority in a particular

.setting. Likewise, there will undoubtedly' be resource~or 7

<time constraints in carrying out studies.
the Af ter, 
,.agreement has been reached on the-subject arnd site of certa'in'
 

Sfield 'trials, and the level of available resources and~theAsophistication of investigators has been established,
,realistic protocols can be prepared to meet the ao6cally'4
Srelevant objectives. 

"(~ 
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Figure 5 

CONTROL CHART FOR MAPASMS 

25­
24 UCL 

12! 

S16-
15 

- - -AVG 

10 

8 -- LC 

I t, --­

wDN h 

I , 



Ficiure 6
 

LoOUBRLE PIArN
SAMPLIN-, 

soo­

70­

60­

50­

40­

35­

100­

80­

60­

40 -40 

C. 

120 40 610 so 100)
 



Fiaure 7 

MILEAGE CONTROL CHART 
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