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1. Introduct ion 

Because of r i s ing  survey costs and Federal 
Government budget cuts in recent years, there 
has been increasing in terest  at the Census 
Bureau in addi t ional  use of telephone i n t e r -  
views. In pa r t i cu la r ,  the National Center for  
Health S ta t i s t i cs  (NCHS) and the Census Bureau 
are invest igat ing the p o s s i b i l i t y  of using 
dual-frame sampling for  the National Health In- 
terview Survey (NHIS), in which the primary 
frame would be a telephone frame based on an 
AT&T tape f i l e  of the f i r s t  six d ig i t s  (area 
code-exchange pref ixes) of a l l  telephone num- 
bers in the U.S. The secondary frame would be 
an area frame needed to cover the approximately 
7 percent of U.S. residences that do not have 
telephones. 

From January to May of 1984 the Census 
Bureau, in conjunction with NCHS, conducted a 
f e a s i b i l i t y  study to determine and possibly 
solve some of the problems that exist  in adopt- 
ing random d i g i t  d ia l ing  (RDD) as one of the 
sampling frames for  the NHIS. For th is  study 
a two-stage sampling procedure--described by 
Waksberg (1978)--was used to select telephone 
numbers. On occasion a primary sampling uni t  
(PSU) is selected at the f i r s t  stage that con- 
tains r e l a t i ve l y  few res ident ia l  numbers. This 
type of PSU is referred to as "sparse." This 
paper examines procedures for  cut t ing o f f  sam- 
pl ing in sparse PSUs when s ta f f  time and asso- 
ciated costs needed to continue sampling become 
in to le rab le .  

The background for developing the sampling 
method and the proposed cutof f  procedure is 
given in Section 2. The methodology that was 
used to determine the cuto f f  points is d is -  
cussed in Section 3. The resul t ing cutof f  
points are presented in Section 4. In Section 
5, the ef fect  of the cutof f  procedure on the 
weight is given. The conclusion and proposals 
for future research are contained in Section 6. 

2. Background 

The Waksberg RDD method of select ion is a 
two-stage sample which produces an equal prob- 
a b i l i t y  sample of phone numbers. The primary 
sampling units (PSUs), which are banks of I00 
telephone numbers, are selected in the f i r s t  
stage with p robab i l i t y  proport ional to the 
number of res ident ia l  telephone numbers wi th in  
a PSU. At the second stage a f ixed number of 
res ident ia l  phone numbers is selected from 
each sample PSU. Each PSIJ ( i . e . ,  bank of i00 
telephone numbers) is i den t i f i ed  by the f i r s t  
eight d ig i t s  of a tend ig i t  telephone number. 
The I00 numbers in the PSU consist of a l l  
t en -d i g i t  numbers that can be generated by 
adding two d ig i t s  to the spec i f ic  e i g h t - d i g i t  
p re f i x .  Telephone companies assign telephone 
numbers to res ident ia l  and nonresidential  
customers in such a way that a high proport ion 
of PSUs (lO0-banks) are exclusively or largely  
largely nonresident ia l .  With Waksberg's proce- 
dure sampling is carr ied out pr imar i ly  in those 
PSUs that contain large numbers of res ident ia l  

phone numbers. Spec i f i ca l l y ,  PSUs are selected 
one at a time as fo l lows.  A PSU is i n i t i a l l y  
selected by adding a random pair  of d ig i t s  to 
a working area code-exchange pre f ix  selected 
at random from the s i x - d i g i t  pref ixes on the 
AT&T tape. I Another random pair  of d ig i t s  is 
selected and added to the e i g h t - d i g i t  pre f ix  
to form a t en -d i g i t  telephone number. This 
phone number is cal led and screened as e i ther  
being res ident ia l  or nonres ident ia l .  I f  i t  is 
res iden t ia l ,  the PSU is referred to as res i -  
dent ial  and is retained for the sample. I f  
the number is nonresident ia l ,  the PSU is not 
selected. The process of select ing an i n i t i a l  
PSU, adding two random d ig i t s  to the e ight -  
d i g i t  p re f ix  def in ing the PSU, and screening 
the randomly selected phone number for  res i -  
dent ia l /nonres ident ia l  status is repeated un- 
t i l  a res ident ia l  PSU is selected. This 
process, referred to as primary screening, is 
repeated un t i l  the desired number of residen- 
t i a l  PSUs is selected. Within each PSU sel -  
ected for the sample, telephone numbers are 
randomly selected and cal led un t i l  some f ixed 
number, k, of res ident ia l  numbers is i d e n t i -  
f i ed .  The within-PSU select ion is referred to 
as secondary screening. 

The sample size for the f e a s i b i l i t y  study 
was 3024 res ident ia l  un i ts .  There were twelve 
repl icates completed over a 3-month period. 
Each rep l icate was interviewed for  3 weeks with 
new repl icates being introduced each week. 
Each of the twelve repl icates consisted of 21 
PSUs. F rom these lO0-banks, interviewers 
attempted to interview twelve res ident ia l  
un i ts .  

The advantage of the Waksberg RDD method as 
compared to unrest r ic ted RDD sampling is that 
sample selections are made only from residen- 
t i a l  PSUs in the Waksberg procedure. I t  has 
been determined from various RDD studies that 
about 63 percent of the telephone numbers in 
res ident ia l  PSUs are res ident ia l ;  whereas, 
only a boLit 20 percent or so of the telephone 
numbers in a l l  PSUs are res iden t ia l .  Conse- 
quently, for  a given sample size, the Waksberg 
method w i l l  require considerably fewer cal ls 
than w i l l  an unrestr ic ted RDD method. 

Even though the percentage of res ident ia l  
numbers in successful ly screened ( res iden t ia l )  
PSUs averages about 63 percent, some PSUs with 
r e l a t i ve l y  few res ident ia l  numbers pass primary 
screening. A "sparse" PSU is defined as one 
for  which the proport ion, P, of res ident ia l  
numbers is less than or equal to some threshold 
value, p*. Though i t  need not be the case, a 
reasonable choice of the threshold value of P 
used to define a sparse PSU is the number, k, 
of telephone numbers to be selected from a 
PSU, divided by I00. This choice is reason- 
able because i f  the proport ion of res ident ia l  
numbers in a PSIJ is less than k/lO0, there 
w i l l  not be enough res ident ia l  numbers in the 
PSIJ to provide the target  sample size k, even 
i f  a l l  I00 numbers are cal led.  Taking p* = .12 
for the f e a s i b i l i t y  study, more sparse PSUs 
than ant ic ipated turned up in several of the 
PSUs. Telephone cal ls  to sparse PSUs are t ime- 
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consuming and are not cos t -e f fec t i ve .  There- 
fore,  a study of cu to f f  points was i n i t i a t e d  
in order to i den t i f y  sparse PSU's and terminate 
ca l l ing  the PSU before a l l  I00 numbers are 
cal led.  

There are two cutof f  points of in teres t :  
I~ a cuto f f  point for cal l ingouthe Pi~imary 
s reening number again to f ind i f  was 
correct ly  i den t i f i ed  as a res ident ia l  uni t  
and 2) a cutof f  point for terminat ing ca l l i ng  
in the PSU. Both of these cu to f f  points were 
invest igated in th is  study and proposed rules 
have been developed for  them. 

3. Methodology for Determining Cutoff Points 

Cutoff points were determined by ca lcu lat ing 
the p robab i l i t y  of having a sparse PSU ( i . e . ,  
one for which the proportion of res ident ia l  
numbers is p* or less) given the number of 
telephone numbers (n) in the PSU that have 
already been resolved, and the number of res i -  
dent ial  uni ts ,  x, that were found in those n 
cases 2. In th is  study, cutof f  points were 
determined for  p*=.04, .06, .08, . I0,  .12, 
.16, and .20, or in other words, 4, 6, 8, I0,  
12, 16, or 20 res ident ia l  units out of I00 
un i ts .  The probab i l i t y  that the proport ion 
of res ident ia l  telephone numbers is less than 
or equal to p, given the number of res ident ia ls  
found in the randomly selected telephone num- 
bers already cal led and resolved is obtained 
using Bayes's Theorem for condit ional prob- 
a b i l i t y  3, as fol lows: 

Pr(P<pl x,n) 

= Pr(P<p and x residences are observed 
in n phone numbers)/ Pr(observing x res i -  
dences in n phone numbers) 

lOOp 
[ Z Pr(P=M/IO0 and x residences are 
M=x observed in n phone numbers)] 

100 
[ Z Pr(P=M/IO0 and x residences are 
M=x observed in n phone numbers)] 

iOOp 
[ Z Pr(x residences are observed in n 
M=x phone numberslP=M/lO0) Pr(P=M/IO0)] 

100 
[ ~ Pr(x residences are found in n phone 
M=x numberslP=M/100 ) Pr(P=M/IO0)], ( I )  

where M = number of residences in a PSU. 
The p robab i l i t y  of select ing x residences 

from n phone numbers in a PSU, given the propor- 
t ion of res ident ia l  numbers in a PSU, has a 
hypergeometric d i s t r i bu t i on  and may be wr i t ten  
as fo l lows: 

Pr(x residences are selected in n phone 
numbers I P =M/IO0 ) 

: MCx (lO0_M)C(n_x)/ lOOCn, (2) 

where MCx = M!/(M-x)!x! 

Subst i tu t ing the resul t  from equation (2) 
into equation (1) the f ina l  expression is 
obtained for computing the p robab i l i t y  that a 
PSU is sparse: 

Pr(P<pl x,n) 

100p 
= [ Z MCx (100-M)C(n-x) Pr(P=M/IOO)/IOOCn]/ 

M:x 

lO0-n+x 
[ ~ MCx (lO0-M)C(n-x) Pr(P=M/IOO)/IOOCn] 
M=x 

lOOp 
= [ ~ MCx (lO0_M)C(n_x) Pr(P=M/IO0)]/ 

M:x 

lO0-n+x 
~ MCx (lO0_M)C(n.x)Pr(P=M/IO0). (3) 

M=x 

[The upper l im i t  of lO0-n+x, rather than 100, 
is required in the summation in the denominator 
of equation (3), because i f  M were allowed to 
exceed lO0-n+x, the number of nonresidential  
numbers in the sample, n-x, would exceed the 
to ta l  number of nonresidential  numbers in the 
PSU, IO0-M.] 

The calculat ion from equation (3) that a PSU 
is sparse required knowledge of,  or an approxi- 
mation to, the p robab i l i t y  d i s t r i bu t i on  of 
(M/IO0), the proportion of telephone numbers 
in a res ident ia l  PSU that are res iden t ia l .  An 
approximation to th is  p robab i l i t y  d i s t r i bu t i on  
was developed, based on some data given by 
Groves and Kahn (1979) on p. 337, along with 
the knowledge that E(P) - .63. The data pro- 
vided by Groves and Kahn consist of the numbers 
of phone numbers that had to be cal led in order 
to obtain 9 res ident ia l  units in each of 104 
res ident ia l  PSUs. Since the estimate of E(P) 
is .74 for  th is  set of data, the d i s t r i bu t i on  
based on the 104 P SUs had to be somewhat modi- 
f ied in order to provide appropriate estimates 
for  NHIS/RDD. In addit ion to sh i f t i ng  the 
mean from .74 given in Groves and Kahn to .63 
for  NHIS/RDD, the d i s t r i bu t i on  was smoothed. 
To s impl i fy  programming, three l inear  functions 
were used to approximate the p robab i l i t y  d i s t r i -  
bution, as fol lows: 

~'(M+2 )/4800 i f M=4 . . . .  5?, 
Pr(P=M/IO0) =~ (25M-46)/I00,000 i f  M=53, . .77,  

[(ilso,)/2oo  if M 78,.  ioo, 
otherwise. 

Figure 1 is a graph of th is  p robab i l i t y  mass 
funct ion.  The d i s t r i bu t i on  w i l l  be updated 
when more data become avai lab le.  

Using th is  d i s t r i bu t i on ,  the expected value 
of P, i . e . ,  the expected proport ion of res i -  
dences in a PSU, is 
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52 
E(P) = Z ( i / i 00 ) ( i+2 ) /4800  + 

i=4 

77 
( i / i 00 )  (25i-46) / i00,000 + 

i =53 

i00 
( i / IO0)(115- i ) /2000 

i =78 

= .627. 

This expectation is consistent with the es t i -  
mates of E(P) derived from other RDD surveys. 
The standard deviat ion of P for th is  d i s t r i bu -  
t ion is .225. 

4. Determination of Cutoff Points 

In order to determine the two cutof f  points 
( fo r  ver i f y ing  the primary screening number and 
for cu r t a i l i ng  ca l l i ng  in the PSU), a FORTRAN 
program was wr i t t en ,  based on equation (3),  to 
calculate Pr(P<p*Ix,n),  i . e . ,  that a PSU 
is sparse. Values of x, the number of residen- 
t i a l  units found in ca l l ing  the PSU, were 
0,1,2,  . . . .  I0.  [For the NHIS/RDD Feas ib i l i t y  
study, 12 residences were needed from each 
PSU; but cutof f  points for  x>lO were so high 
that the ent i re  PSU could easi ly  be cal led to 
t ry  to f ind the remainder of the necessary 
res ident ia l  un i t s . ]  Values of n, the number of 
resolved telephone cases in the PSU, ran from 
x+l to lO0( l -p*)+x.  The bounds on n force the 
p robab i l i t y  to be between 0 and I .  The values 
of p*, the threshold proport ion of res ident ia l  
un i ts ,  were .04, .06, .08, . i 0 ,  .12, .16, and 
.20. 

The cutof f  point for ca l l ing  the primary 
screening number again was established as the 
value of n for which Pr(P<p*Ix,n ) 7.50. 
These cutof f  points are given in Table I .  For 
example, i f  only 2 res ident ia l  telephone num- 
bers have been found out of 24 resolved (busi- 
ness, non-working number, e tc . )  cases, the 
primary screening number would be cal led again 
to determine i f  the PSU was cor rec t l y  i den t i -  
f ied as a res ident ia l  un i t .  In cases where a 
sparse PSU is defined as having 16 or fewer 
out of I00 residences, 2 res ident ia ls  out of 19 
resolved cases would ins t iga te  a second cal l  to 
the primary screening number. I f  the PSU was 
incor rec t l y  i den t i f i ed  as a res ident ia l  PSU, a 
replacement " res iden t i a l "  PSU would be selected 
immediately. Phoning in the PSU would continue 
i f  the PSU screening number was cor rec t ly  iden- 
t i f i e d  as a residence. 

Three cutof f  points for  terminat ing ca l l i ng  
in the PSU are presented in the tables.  These 
points are for Pr(P<p*Ix,n) greater than or 
equal to .8, .9, and .95. The select ion of a 
cutof f  procedure w i l l  depend upon the amount 
of r isk that one is w i l l i n g  to take of cont in- 
uing to cal l  numbers in a PSU that is sparse 
and of terminat ing ca l l i ng  in a PSU that is not 
"sparse." (These r isks are analogous to prob- 
a b i l i t y  of type I and I I  errors in hypothesis 
t es t i ng . )  

For a sample size of 12 units per PSU, cut- 

of f  points for a p robab i l i t y  of .9 and a 
threshold proport ion of res ident ia l  units of 
.12 seem reasonable. Cutoff points for a 
p robab i l i t y  of .8 are displayed in Table 2; 
those for  .9 are shown in Table 3; and those 
for  .95 are in Table 4. As an example of how 
to use Table 3, assuming that  a sparse PSU is 
one with 12 or fewer res ident ia l  numbers, the 
f o r t i e t h  resolved telephone number would 
resul t  in terminat ion of ca l l i ng  in the PSU 
i f  only 2 residences had been found. All 
previously ca l led,  unresolved cases would be 
cal led un t i l  they were determined to be busi- 
ness, res iden t ia l ,  non-working, etc. but no 
other numbers in the PSU would be cal led.  
Therefore, the PSU w i l l  have fewer than the 
required number of res ident ia l  units and 
consequently the variance of survey estimates 
w i l l  be higher. 

I t  is possible that resolut ion of the unre- 
solved cases would produce more res ident ia l  
uni ts which would raise the cutof f  l i m i t .  
Since ca l l i ng  the primary screening number 
again would not i n te r rup t  ca l l i ng  in the PSU, 
th is  cutof f  rule could be implemented without 
considering the status of the unresolved cases 
in the PSU. On the other hand, the status of 
the unresolved numbers at the time that the 
cutof f  point is reached for c u r t a i l i n g  sampling 
in a PSU is considerably more important. Typi- 
ca l l y ,  nonworking telephone numbers and busi- 
nesses would be easier to resolve than residen- 
t i a l  phone numbers. Therefore, i t  would be 
possible to accumulate several out-of-scope 
cases pr ior  to resolving some res ident ia l  
cases. Consequently, i f  a cutof f  point for 
t runcat ing ca l l i ng  in a PSU is reached, based 
on the resolved cases in the PSU, the decision 
to discontinue sampling in the PSU should be 
considered ten ta t i ve .  Once the unresolved 
cases have been c l ass i f i ed ,  the decision should 
be reevaluated. In pa r t i cu la r ,  the p robab i l i t y  
of the PSU being sparse should be computed, i f  
feas ib le ,  from equation (3), using the addi- 
t ional  resolved telephone numbers. Based on 
th is  p robab i l i t y  and on other factors ,  such as 
the time remaining in the interv iew period, an 
updated decision should be made regarding the 
continuation of sampling in the PSU. 

5. Effect of the Cutoff Procedure on the 
Weights 

For survey estimation purposes a weight is 
generally assigned to each sample uni t  in a 
survey. Though often adjusted to account for  
nonresponse and to incorporate ra t io  estima- 
t i on ,  th is  weight is bas ica l ly  the inverse of 
the select ion p robab i l i t y .  The Waksberg RDD 
sampling method has been designed so that a l l  
res ident ia l  telephone numbers in the country 
have a uniform p robab i l i t y  of se lect ion.  This 
uniform select ion p robab i l i t y ,  p, which is 
derived in the appendix, is the fo l lowing:  

p = m"k / I0000 M, (4) 

where m" = the number of s i x - d i g i t  pref ixes 
on the AT&T tape that were select-  
ed for the sample and used to 
obtain the desired number of PSUs, 
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k = the target  c lus ter  size (12 for  
the f e a s i b i l i t y  study),  

M = the to ta l  number of in-scope s i x -  
d i g i t  pref ixes on the AT&T tape. 

The uniform weight, w, for  each case, ex- 
cluding any ra t i o  and nonresponse adjustments, 
is the inverse of equation (4)" 

w = LO000 M / m"k.  (5) 

For the case in which a sampling cu to f f  is 
applied to a given PSU, a s l i gh t  modi f icat ion 
of the select ion p robab i l i t y  and assigned 
weight is needed for  a l l  residences selected 
in that  PSU. Spec i f i ca l l y ,  i f  only k i (less 
than k) residences are selected from PSU i 
because of the cu to f f  procedure, the select ion 
p robab i l i t y ,  Pi, for each residence selected 
in PSU i is 

Pi = m"ki / 10000 M. (6) 

Consequently, the appropriate weight, w i ,  to 
assign each sample residence in PSU i is the 
inverse of equation (6)" 

w i = 10000 M / m"k i .  (7) 

Upon comparing the weights given in equa- 
t ions (5) and (7),  i t  is evident that  the basic 
uniform select ion weight of each residence se l -  
ected from PSU i has to be mu l t ip l ied  by the 
fac tor  k/k i i f  sampling is cur ta i led  in PSU 
i a f te r  only k i of the desired k residences are 
reached. 

6. Conclusion 

The cu to f f  point procedures were not imple- 
mented in the 1984 NHIS/RDD f e a s i b i l i t y  study 
because the computer program for  the ca l l -sched-  
u l ing procedures could not be a l tered as needed 
before the last  rep l ica te  of the survey was 
f in ished.  However, cu to f f  procedures w i l l  be 
used for  other Census Bureau RDD surveys. 

One aspect of fu ture research in th is  area 
w i l l  focus on obtaining bet ter  estimates of 
the p robab i l i t y  d i s t r i b u t i o n  of P, the propor- 
t ion of res ident ia l  uni ts in res ident ia l  PSUs. 
Data from the NHIS/RDD f e a s i b i l i t y  study w i l l  
be examined to see the e f fec t  on the cu t -o f f  
points of providing a bet ter  approximation to 
the p robab i l i t y  d i s t r i b u t i o n  of P. Another 
aspect of fu ture research involves the i n v e s t i -  
gation of a l ternate approaches to determining 
cu to f f  po in ts .  Spec i f i ca l l y ,  an attempt w i l l  
be made to associate a cost saving and variance 
increase with each cu to f f  ru le .  This would 
allow the development of an "optimum" cuto f f  
procedure. Also, sequential tes t ing  methods 
w i l l  be examined to determine i f  they could be 
eas i ly  applied and i f  they would reduce the 
number of telephone ca l ls  that  are needed to 
c lass i f y  the PSU as acceptable or as sparse. 

In summary, we have derived two cu to f f  point 
procedures: I )  a cu to f f  point for  reca l l ing  
the primary screening number and 2) a cu to f f  
point for  terminat ing ca l l i ng  in the PSU. 
These points were determined by ca lcu la t ing  

the p robab i l i t y  of a given PSU being a sparse 
PSU a f te r  observing a cer ta in  number of res i -  
dences, x, in n resolved cases. 
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FOOTNOTES 

IAc tua l l y ,  some s i x - d i g i t  pref ixes on the AT&T 
tape that  are obviously nonresident ial  (e .g . ,  
long-distance information numbers) are removed 
from the frame pr io r  to sampling. 

2The methodology developed in th is  section is 
based on the assumption that  al l  I00 numbers in 
a PSU are avai lable for  ca l l i ng .  In most sur- 
veys, however, including the f e a s i b i l i t y  study, 
the primary screening number is not allowed to 
be cal led again for  in terv iew.  The assumption 
that a l l  I00 numbers are avai lab le s imp l i f i es  
the presentation subs tan t ia l l y  and has only a 
t r i v i a l  impact on the cu to f f  points derived. 
Spec i f i ca l l y ,  each is the same or one number 
higher than the corresponding cu to f f  point 
based on the a v a i l a b i l i t y  of 99 numbers. 
Consequently, the lO0-number assumption pro- 
vides somewhat conservative cu to f f  points.  

3Bayes's Theorem is given in many texts on 
p robab i l i t y  theory and methods. See, for  
example, Parzen (1960), p. 119. 
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No. of 
Resident ia ls  

(x) 

0 
1 
2 
3 
4 
5 
6 
7 
8 
9 

10 

Table 1" Cutoff  Points fo r  Ca l l ing  the Primary 
Screening Number Again 

(Probabi l i l t y  of .5) 

.04 

54 
63 
71 
8O 

Values o f ' t he  Th'res-hoid P r o b a b i l i t y  (p* )  
.06 .OR . I0  .12 

26 
36 
46 
56 
67 
8O 

18 
26 
35 
44 
54 
64 
74 
84 

16 
23 
32 
40 
49 
58 
67 
76 
86 
95 

11 
17 
24 
31 
38 
46 
53 
60 
67 
74 
82 

.16 

8 
13 
19 
24 
30 
35 
41 
47 
52 
58 
63 

.2O 
, L  _ _  

6 
11 
16 
20 
25 
30 
35 
40 
45 
49 
54 

No. of 
Resident ia ls  

(x) 

0 
1 
2 
3 
4 
5 
6 
7 
8 
9 

10 

Table 2" Cutof f  Points fo r  Terminating Ca l l ing  
in the PSU for  a P robab i l i t y  of .8 

.04 
~/alues of th'e Threshold Pro'babi ' l i ty (p',*) 
.06'  ' .b8 .10 " . IS 1 6  .20 

8O 
84 
88 
92 

45 
54 
62 
71 
8O 
90 

32 
4O 
31 
57 
66 
75 
84 
92 

28 
36 
44 
52 
61 
70 
78 
86 
93 
99 

20 
27 
34 
42 
49 
56 
63 
70 
76 
83 
89 

15 
2O 
27 
33 
38 
44 
5O 
56 
61 
66 
72 

12 
17 
23 
28 
33 
38 
43 
48 
53 
58 
62 

No. of 
Resident ia ls  

(x) 

0 
1 
2 
3 
4 
5 
6 
7 
8 
9 

10 

Table 3" Cutoff  Points for  Terminating Cal l ing 
in the PSU for  a P r o b a b i l i t y  of .9 

.'04 
Values of" the"ThresholdoProbabi l ' i~y 2 (p*) 
' 0 6  . 0 8  ~ . .... .16 .20 

88 
91 
93 
96 

56 
63 
70 
77 
85 
93 

40 
48 
56 
64 
72 
8O 
88 
95 

35 
43 
51 
59 
67 
75 
82 
89 
95 

100 

26 
33 
40 
47 
54 
61 
68 
75 
81 
86 
92 

19 
25 
31 
37 
43 
49 
55 
60 
66 
71 
76 

16 
21 
27 
32 
37 
42 
47 
52 
57 
62 
66 
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Table 4" Cuto f f  Points fo r  Terminat ing Ca l l i ng  
in the PSU fo r  a P r o b a b i l i t y  of .95 

Values of'i~he' Threshol'd Probability (p*) 
.04 .06 .08 .10 .12 .16 .20 

92 
94 
96 
98 

64 
70 
76 
82 
88 
95 

* * g t  

48 
55 
62 
69 
76 
84 
91 
96 

42 
49 
56 
64 
71 
79 
86 
92 
97 

100 

31 
38 
45 
52 
59 
66 
72 
78 
84 
89 
94 

23 
29 
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47 
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59 
64 
69 
74 
79 

19 
25 
30 
36 
41 
46 
51 
56 
61 
65 
70 

FIGURE I: PROBABILITY DISTRIBUTION OF THE 
NUMBER OF RESIDENTIAL PHONE NUMBERS IN A PSU 
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