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1 Purpose

A study will be conducted to estimate the overall propartion of people that are affected with
some delined psychopathology. The final determination of the psychiatric and other medical
characteristics of & person will be made by a psychiatrist. A plan to use the services of trained
interviewers to screen and separate into two classes (with and without apparent psvcho-
pathelogy) a large preliminary sample in order to conserve the time of the psychiatrist, by
letting him test mainly cases that are ulmost surely afflicted with psychopathology, is appealing
wherever the cost per case is much lower for the sereening than for the psychiatric examination.
It is not penerally appreciated, however, that the screening-test, to be gconomical, must be
relatively cheap und must admit only a low proportion of false negatives. This principle is not
new. but illustrative calculations that show how false negatives affect costs, and why false
positives are not so important, are hard to find in the literature (Kish, 1965).

Guidance in any problem comes from calculations based on the appropriate theory. The
purpose here is to present some theory and a simple illustration encountered in recent practice.
The conclusions drawn here will be valid within a moderately wide band of conditions that
boider on those used here for illustration. Conditions far afield from those studied here might
require fresh caleulations by use of the appropriate costs and proportions in the eguations
thut follow, or in modifications thereal,

The conclusions drawn here are worthy of consideration in the inspection of mdustrial
product, in situations where the final test is relatively very expensive, and where a cheap screen-
ing test can be conlrived,

Tt is presumed that a demographic screening has already taken place in which a roster is
made of each family by age of person. People of age 60 or over can be serialized, These serial
numbers constitute the frame.

The statistical procedure for sereening (sometimes called two-phase sampling) may be
described briefly in two steps.

Srep 1 (1st phase). Sereening. Draw from the [rame a preliminary sample of N' people.
Tnterview by acheap test every person in the preliminary sample, Allot each person interviewed
to ong ol two steata!

Stratum 13 negative on screening (no psychopathology indicated).
Stratum 2: positive on screening (psychopathology indicated).

Step 2 (2nd phase). Psvchiatric interviews. A psychiatrist interviews samples from bath
strata, His decisions are final. Some people in Stratum 1, the psychiatrist will find. are
pathologic. These are false negatives, Conversely, he will tind that some people put into
Stratum 2 are in his judgment not pathologic. These are false positives.

The final sample for the psychiatrist is drawn partly from Stratum 1 and partly from
Stratum 2. The selections from each stratum are made by simple random sampling, one person
at o time. Texthooks on statistical procedures deseribe two main ways to draw for the
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psychiatrist a sample of peaple from the two strata: (1) proportionate allocation; (2) Neyman
allocanon.

We calculate also, for comparison, the amount of information to be expected from a plan
that uses no screening at all, There is no preliminary sample in this plan: the psychiatrist
interviews the entire sample:

We shall see that the distinction between proportionzte allocation and Neyvman allocation
is important only if the screening is highly reliable, and that rhe best procedure may be no
screening at all.

As we shall see, the proportion g, of fulse negatives in Stratum 1 15 critical. The proportion
g, of [alse positives in Stratum 2, on the other hand, is not critical, though it must not get out
of hand,

In the ideal situation, there would be no psychopathology In Stratum | and nothing but
psychopathelogy in Stratum 2, Interviews by the psychiatrist would yield identical results;
This goal can of course not be achieved ; there will in practice be fals¢ negatives in Stratum |
and false positives in Stratuin 2,

It would be easy to construct a system of screening that would hardly ever put positive
psychopathology into Stratum 1, It is only necessary Lo specify that a person that exhibits in
the screening a shred of evidence of psychopathology shall be placed in Stratum 2. Such a
procedure could easily get out of hand: the proportion g; of false positives in Stratum 2 would
reach an alarming proportion and would defeat the purpose of screening. We now proceed
with the caleulations,

2 Notation

P, the expected proportion of cases placed in Stratum | in Step |
P, the expected proportion of cases placed in Stratum 2 in Step |
M the expected proportion of false negatives in Stratum 1

2 the expected proportion of false positives in Stratum 2

p the proportion pathologic in the entire frame

f an-estimate of p.

We define ¢, and p, so that

mt+dgi=1 pa+i:=

i, the number of persons selected from Stratum 1 for the final sample (for examina-
tion by the psychiatrist)

is likewise for Stratum 2

my+ny = 1 the size of the final sample (for the psychiatrist); # will depend on the plan
adopted

@t = pujy  the expecied variance between people in Stratum 1
@5t = pags  the expected variance between people in Stratum 2
@, = Pyo*+Pa,*  the average variance between sampling units within strata
&, = Mo +P0; the average standard deviation between sampling units within strata
7 = P Pa(pa—py)?  the variance between the means of the two strata
N the number of people screened (the preliminary sample)
£y the cost to screen one person
ty thecost for the psychiatrist to interview ane person.
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The relative proportions of the two strata in any one study give the estimates B Land P,
of P; and £,. Step 2 gives the cstimates p, and 4, of p, and . Then

B=Pp+Pap; (1)
will be an unbiased estimate of the overall proportion p that are pathalogic in the entire frame,
Py and P, come from the preliminary sample, the screening: they are the proportions in the
two strata, fi, and fi, come fram the psychiatric interviews.
A 22 diagram may be helpful. The psychiatric interviews separate Stratum 1 into two
groups with proportions p; and g,, and separate Stratum 2 into two groups whose expected
proportions will be p, and g,.

Psychiatric Screening

IMETVIEW Stratum 1 Stratum 2

No psychopathology P.Tqr. Pig,

Psychopathology Pop Pips
Tatal .Ip| FJ

We now examine the variance of f under the three possible methods for selection of the
final sample from the preliminary sample.

3 Proportionate allocation

In this procedure, we draw, for the final sample, the same proportion of people from
Stratum 1 as from Stratum 1 as from Stratum 2.

ny = uﬁq}. (7
n, = nk
When the results are in, we form by eqn. (1) the estimate fi of p. For this plan
5 2
var =" bt Lo {3
N’ n
The optimum relation between n and N for proportionate allocation is
p Ty E
optn/N' = / = (4}
7y N €2

4  Neyman allocation
Here, we aim at the allocation

n, = fe, Py /G,
ny = haPsla,

Il

(5)

Once the study is completed, we again use eqn. (1) to form fi. for which

. sz '_[‘Ew}z

Var fi = (6]
I n
The optimum relation between » and N' in Neyman allocation is
. B e
opt nfN = - [ 7]
Ty W e

45/1—c
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Any non-zero sizes of sample #, and #; for the psychiatrist, when used in eqn, (1), will give
an unbiased estimate of p. One of our aims here, however, is to find the optimum relationship
between ny, n; and N, This we do by use of egns. (2). (4), (5) and (7). Use of samples other
than the optimum indicated in the tables would yield less information per unit cost than the
optimum sizes will yield,

We introduce now specific numbers for our caleulations, We use ¢, = 0.1, and choose a
few values of pand p,. For costs; we set ¢; = 83 and ¢; = $45; then ¢,:¢; = 1/9 and by
eqns. (3) and (&),

. 1 A [+
Proportionate sampling opt — = N4 =4"=" (8)
! Ty L
. i T
Mevman allocation opt — =1 X (9)
N oy
The total cost of Steps 1 and 2 will be
K = 3N"4+45n = n (3N'/n+45) {1

wherein - and N are specific 1o the plan adopted.
The amount of information in an estimate fwas defined by Sir Ronald Fisher as

I = ljvar fi; (1
The efficiency of the procedure that delivers the estimate 5 was defined by Morris Hansen as
1

R s, 12
Kvarp (i
which is the amount of information per unit cost. For no screening at all,
varﬁ=£=L—P? (13)
K n
K = 545y
]
17— — (14)
45p (1—p)

All the above formulas are in any book in statistical theory.

We should emphasize that it is the ratio ) : ¢, and not the absolute costs ¢ and ¢; that are
important for the relationship between k and ', Moreover, as the ratio o, @ ¢y appears only
under the square-root siga, the relagonship between n and A 15 not very sensitive to the costs
within a2 moderate range of ¢, © ¢;,

Costs in absolute numbers are necessary in order to compare the efficieney of proportionate
allocation or Weyman allocation with a plan that uses no screening at all, Costs in absolute
numbers are also necessary for prediction of the total cost of a study, onee the plan s decided.

The calculations are shown in Tables 1 and 2. The important lines in the tables are lines
13, 21 and 24, which compare the amount of information per unit cost for the three plans under
consideration. The tables show also the optimum relationships between the sizes of the samples
N, my, 1 under proportionate allocation and Neyman alloeation,

5 Conclusion from the calculations

Comparisons of 1/ K. the amount of information per unit cost for the three plans - sercening
with proportionate allocation for the final sample: screening with Nevman allecation for the
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final sample; no sereening at all —leads 1o the following conelusions, which are valid over
moderate intervals above and below the proportions and costs that the caloulations were
based on,

|. The proportion p, of false negatives in Stratum 1 is critical in consideration of choice of
plan.

2. Screening is most effective in the reduction of costs when the overall propertion pof the
disease under investigation is low, and when the screening is highly successful in the separation
ol cases, leaving the proportion p, of psychiatric cases very low in Stratum 1, while holding the
proportion g, of non-psychiatric cases to a moderately low level in Stratum 2.

3. There is little choice between proportionate allocation and Neyman allocation in drawing
the final sample from the preliminary sample, unless the screening finds 85 per cent or more
of the psychiatric cases and places them in Stratum 1. Neyman allocation creeps ahead of
proportionate allocation as the sereeming improves beyond this paint.

4. Lines 11, 12, 17 and 18 in the tables show that for best efficiency {optimum balunece)
most of the cases for the final interviews will come from Stratum 1 unless the screening is
extremely effective. This seems reascnable on reflection, beeause Stratum 1, intended 1o be
pure, no psychopathology, will otherwise contain far more psychopathology than Stratum 2,

6 HRemarks

Caleulations of the kind shown here indicate that screening (or two-phase sampling) will not
pay off under any usual circumstances unless the costs ¢y and ¢, are widely different. Specifi-
cally, | ;6 for the ratio ¢ : ¢, is usually a rough break-even point. The ratio 0y 1oy s likely
1o be especially low when the screening and classification are to be done on the basis of records,
and where the final investigation may require costly ficld-work or costly interviews. In some
of my own experience with screening and stratification carried out by perusing records on hand,
the ratio ¢, 1 ¢, has run in the neighborhood of 1 : 40, or even 1 : 100.

Use of random numbers one after another to place people into Stratum | or into Stratum 2
would be equivalent to no screening at all, as the expected proportion of psychopathology
would then be p in each stratum. It is not enough that the screening merely be better than
random numbers. The tables indicate that there is no economy to realize from screening unless
it be sufficiently effective to render p, = 1p, The proportion g, of false positives 1n Stratum 2
deserves reasonable care, but under conditions in any way similar to those studied here. a5
nowhere near as critical as the proportion p, of false negatives in Stratum 1.

Meyman allecation should not be attempted without caledlating in advance the possible
loss of cfficiency from use of a predicted value of p; that turns out to he wide of the mark.
There is a lot of leeway, but only within limits. A sample designed for Neyman allocation by
use of a value of p, that turns out to be wide of the mark may end up with greater variance
than proportionate allocation. Proportionate allocation is foolproof and simple to apply
(Deming 1960, Hasel 1954). Unfortunately, the more reliable be the screcning, the more
difficult it is to measure how good it is,

It i easy to fall into a trap in the planning-stages by pulling unwarranted credence into an
advance estimate of p,. A large experiment, or a long history of usage of the exact plan of
screening, is required. An experiment, for example, wherein 30 persons were screened and all
interviewed by a psychiatrist may not furnish enough information for a rational decision an
whether 10 use screening, unless the correspondence is nigh perfect. This is so because an
estimate of a small proportion like p, is subject to a wide standard error. Unfortunately, an
experiment that requires 30 interviews is a heavy work-load for the psychiatrist.

The results of screening, as with any interviews. depend heavily on the questions and on the
technigues of asking the questions. A few interviews conducted with one method of sereenin a,
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Table 1
Resilts af cafeulation, where p = 0.1, 02 = 0.09, g; = 0.1, ;2 = pagz = 009 and o; = 0.3
Ttem M
is 0.10 (.05 0025 .01 0005
1 Py ={p—p)lpz—m) Mot applicable .9412 0.9143 (1.85E9 08538
=1 (L0588 00857 01011 01062
3 mi=pan 0.0475 20244 0.0099 00050
4 @ 0.2179 01561 00995 0.0701
5 gt = Pymi - Paaad (L0500 (O3 (L0180 0.0144
6 @, 0.2236 01732 0.1342 01183
T Gu=Fimp+Por: 0.2328 L1685 Q1158 0848
B o (3. 0300 0000 (00720 00760
L I 0,20} .2449 0.2683 0.2757
Proportipnate allocation
18 N'= nilaJo)ve) e 206830 42420 6.000n LRI
1l nmy =P,y 09418 (.91 4 0.399: 0,854y
12 w3 = nPa 0059 0.086n 0.100R 0:106n
13 warpg 00045 G e 00300 et 0.0249/'n
14 K, total codt 5842 06,21 75000 79958
15 HE = 1/Kvarg (1.264 0342 0.444 0.503
Mevman allocation
16 N = mi{d.fa)v'e) -2 2693 4,362 G720 3. 7lan
17 m = noPylé. (L9210 (1.84Tn 0747w 03, e
18 m = pa:ilalo. 0078 0,153n 0.253m 0.330n
19 war g 0.0535 0 00421 /m 0,0251 n 00177 /n
20 K, total cost SE.46m o 81n TR.61n BE.58n
A K =1Kvar i 0,265 0.355 [, 508 0.637
Mo screening
22 varf =oln = p(l—plin= 0.0%n
23 K = 45n
24 HK =I1/Kvarp = 0,247
Table 2
Rexults of calvalations, where p = 0.2, o2 = 016, g; = O, o2? = pags = 009 aned 07 = 0.3
Item i -
13 .10 0.05 0.025 (i 0003
1 Py =ipa—piipa=p1} 0.9333 0,8750 08235 LERUN 1.7865 0. 7821
2 Pi=1—P 6T 01250 (1765 01,2000 02135 02179
3w = pigy 01273 00900 0.0473 00244 00099 0,005
4 = 23571 3000 02179 01561 D005 (L0705
5 gyt = Proyg2 Pios? 01230 00900 00550 0.0375 0.0270 00235
6 o, 0.3536 3, 3000 (3.2345 01936 0.1643 01533
T Fe = Pop Py (3533 030063 0:2324 01,1549 01323 1205
L 0.03350 00,0700 01050 01225 L1350 L1363
9 @ L1871 0.2646 0,3241 0.3 50 00,3647 03495
Proportionate allocition
10 N = nlo,fu)vier s e 1.58Tn 26400 4.146n 54220 6.65% T231n
11 ny = akF (.93 0.875n 0.523n 0. B00m 0, T8 0.782n
12 = af 0.067n 0,125 01778 0, 2000m 0.214n 02188
13 war g G147/ D116 (080 0060/ 4T 0042/
14 K total cost 321.94n 58.25n 65.73n 720 0n T8.30n Bl.15n
15 /K= 1/Kwarjp 0.128 0,147 (L1589 0231 0272 0291
Meyman allocation
16 N'=n({Fufo /e T ea 1,589 2,649 A4 1840 5.679% 7680 9199
17T m = jru']f',,"&" .54 3n {0.875m 0,772 .67 5n 0.5508 (1.45Kn
18 mo= nosPalc, 00578 01250 0.228n 03240 0450 0.547n
12 war 0.147/n L1160 0.07% 0058/ (038 0.029 %
20 K, total cost F2.94n 58.23n 65920 73,390 33 44n G0 00
21 K= 1/Kvarcp 0129 0.147 0.1%2 0244 0319 0.374

Mo screening

22
23
24

K
K = 1K var p

45n

varg = o3fn = p(l—p)in= D16/n

= .13%
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and a few interviews conducted with another method of screening, do not combine statistically
to form a base for advance knowledge of what value of #y to plan on.

Interpretation of the results of an experiment on screening carried out by a small group of
workers is sometimes difficult because the inevitable scientific cross-talk between the people
that do the sereening, and the psychiatrists, will exert day by day strong influence on everybody
involved, with constant changes in the procedures. In the end, wisdom accumulates, but at the
expense of a valid estimate of p,.

General impressions about sereening can be & hazard on a par with scanty figures,

In the end, when the results are in, it is then possible to compute by hindsight estimates of
all the propartions involved, including p and its standard error.

In the absence of elaborate measures of quality control, the contribution to var p from the
variances between investigators {(interviewers and psychiatrists) are sure to be shocking. These
variances can be evaluated by allotting a random portion of the whole area or of a subportion
thereof to ¢ach interviewer and to each psychiatrist (Deming, 1972; Tepping and Bailar, 1968).

One might summarize the conclusions from the equations and the tables by saying that, in
the absence of sound information about the screening and a clear indication that proportionate
or Neyman allocation would pay off, it is perhaps best to use no sereening at all, If screening
be adopted, it is best to use proportionate allocation unless there be a firm basis for MNeyman
allocation.

In addition to the guidance supplied by the equations, there are some arguments to hear in
mind about screening that are not expressible mathematically. Some of these arguments are
negative on screening; some are positive, | may remind the reader first on the negative side that
use of screening (unless the screening be carried out on the basis of records collected in a
previous study) requires a second interview (the one by the psychiatrist) of the peaple that are
selected inte the final sample. There is always the possibility that this second appointment may
encounter resistance and loss of the psychiatric interview. This means a total loss of the case,
except for information of secondary importance that was already elicited in the sereening
interview. The loss from refusals at the second interview undoubtedly varies widely between
communities, and with public interest in respect to the disease under investigation, Resistance
may be serious in one place and not in another.

A further negative point to bear in mind is that SCregning necessitales some extra adminis-
trative attention in the field-work. Besides. with sereening, there is the selection of the final
sample to accomplish. These costs are in the ¢quations, supposedly incorporated in the symbol
¢y; but the equations do not take care of the circumstance in which the organization is small
and overworked, with no ane to take on with diligence the extra duties invalved.

On the positive side of the ledger, alse not in the equations, is the insight that a preliminary
sample yields about the material in the frame, und about the problems that ene will encounter
in the investization, A tairly large preliminary sample, even though the equations do net
indicate any economical advantage of screening, puts before the investigator a miniature
display of the frame. One will often find in this display problems that no one could otherwise
foresee. It may bring out, for example, cuses that do not belong in the investigation at all. Tt
may bring out the existence of difficult cases. It may indicate errors in the delineation of
sampling units, and need of more care in preparztion. In o preliminary sample of haspital
records intended for an investigation of adults 21 10 60, the preliminary sample contained
admissions of age 20 and under. There were also cases beyond the intended age-limit, and
emergency cases of various kinds not intended for investigation, Some cases were transfers
from ather hospitals, and would require requests for additional notes. Without the preliminary
sample, the investigators would Have had na warning that 15 per cent of the frame was made
up of a spectrum of blanks to be discarded, nor that 10 per cent of the frame came from
transfers. A fairly large preliminary sample, screened by use of the case-notes; permits one to
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throw out the blanks and to stratify the valid cases by type of ailment indl. .ted. The final
sample for further study may then be balanced in the main categories of ho pital dingnosis
{Kuriansky, Deming and Gurland, 1974).

Sampling to measure the prevalence of a rare characteristic is a subject all by itself, beyond
the scope of this paper, and must be dismissed here with the statement that for a characteristic
that has a high probability of being treated in an institution, samples might be taken from
clinics and hospitals, accompanied by a sample from the general population, Statistical
procedures to determine with a preseribed probability that the prevalence of a certain rare
discase does not exceed some small proportion such as p = 1/50 call forth still further theory,
also not to be covertd here,

This paper should also mention circumstances that often face investigators in small research
organizations where there is a shortage of psychiatrists or of men with other specialized
knowledge, It is then imperative to carry out screening. In fact, the optimum plan in such
circumstances may be to use a preliminary sample that is double or treble the size that the
equations indicate; then to adjust the sizes ny and n; of the final sample by proportionate
allocation or by Neyman allocation, holding #,+#, to the maximum number that the
psychiatrists can handle. The information per unit cost will be less than that indicated by the
optimum ratio of N' to , but it will be valid statistical information bought at the lowest
price consistent with the restraints:

7 MNole in respect to the tables

The symbal a in Tables | and 2 has a different meaning from one panel to another. Thus, the
number 1 required to reach a given precision with proportionate allocation would not be the
same number required to reach the same precision with Nayman allocation, or with no
sereening at all. Comparison between plans is possible only in lines 15, 21 and 24 which show
the efficiency I/K of the plans, wherein n does not appear,
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Résume

L'application de cette thésis est 8 I'édude de psychopatholagie des habitants d'une ville, age (e.g.) de 63 ans ou
metlleur, Un dessein pour utilisation les services dos interviewers versés spéciafement pour de mettre 4 I'épreuver
el sorlir en gvant entre deux clusses {aver ou sans peychopathologie, 2 luis avis) chague personne d'un grand
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échantion, afin que d'conzerver 16 temps de pavehiateiste, par presentation & Iui ren que Jes persomnes qui sont
presque sans conteedit peychopathologiques, est attravant. 11 est nécessaire, néanmaois, fin gu'obtenir up esti-
miatenr sans hiais, que ke psychiatriste emaning un échantillon de chaque classe. De plus, il est nécessaire que
Pépreuve, fait en avant, (&) soit & bon marche, et () admette seul en ids petile proportion des faus négatifs.
La proportion des faux positifs n'est pas si importante. Lauteur illustre ocs principes par ealculations avee
varigs proportions des cas psychopathologiques verifiés,






