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I. INTRODUCTION 
In sample designs with one sample primary 

sample un i t  (PSU) selected per stratum, a col-  
lapsed stratum variance estimator is general ly 
employed. Shapiro and Bateman [41 presented some 
theory and l im i ted  empirical evidence in support 
of the premise that  a without replacement variance 
estimator produces an estimate of  the variance 
with both smaller bias and smaller variance than a 
collapsed stratum estimator. This paper presents 
considerably more empirical evidence which, in 
general, confirms the empirical evidence of the 
e a r l i e r  paper. A b r i e f  descr ipt ion of  the var i -  
ance estimators being compared and the concepts 
involved is given in th is section. I t  is recom- 
mended, however, that [4] be read for  more details. 
Section I I  presents the deta i led empirical data 
in which one pa r t i cu la r  without replacement var i -  
ance est imator is compared to the collapsed 
stratum variance estimator. Section I I I  summa- 
r izes the paper, recommends that  a wi thout  
replacement variance est imator be used instead of  
a collapsed stratum variance est imator,  and pre- 
sents plans for  future w~rk in th is  area. 

Surveys are f requent ly  designed and conducted 
with one PSU selected per stratum. In such a de- 
sign, no unbiased estimate of  variance is possible. 
Generally, some form of the collapsed stratum 
variance est imator is employed. For the es t i -  
mator, pairs of  s t rata are formed for  those strata 
comprised of more than one PSU. The aim is to 
pai r  s t rata with s im i la r  charac te r i s t i cs  and ap- 
proximately equal measures of size. The form of 
the est imator considered in th is  paper is intended 
for  est imating the variance of simple unbiased 
estimates. However, the basic pr inc ip les also 
apply when the collapsed st rata are used with 
more sophist icated weighting in conjunction with 
rep l i ca t ion  or l inear ized variance est imation. 
Also, to keep things simple and el iminate extra- 
neous concerns, i t  is assumed throughout th is 
paper that a census is conducted wi th in  each 
sample PSU, i . e . ,  there is no wi th in  PSU variance, 
and between PSU variance is equal to the total  
variance. 

Let Y i j k  = estimate for  charac te r i s t i c  of  i n te r -  
th th est for  k PSU in j stratum 

wi th in  i th pa i r  of s t rata.  

j takes on values of only 1 and 2 and 
thus ( i , j )  denotes a unique stratum. 

Since a census of sample PSU's is 
being assumed, Y i j k  is the estimate 

obtained from a census of the k th PSU 
in stratum ( i , j ) .  

L. .  = the number of PSU's in the ( i , j )  th 
1j stratum. 

th 
Ni- kJ = the measure of size for  the k PSU in 

( i , j ) t h  stratum. 

L i j  

N i j :  ~N 

Ni jk 
Pi jk  = Ni j  

i j k , ( i , j )  th stratum to ta l .  

p robab i l i t y  of select ing the.k th 
PSU i~ha single draw wi th in  zne 
( i , j  ) stratum. 

We are interested in an estimated t o t a l ,  
A 

y = r . z .  1 y . 

i j Pi jk  i j k  

! 

Pi jk  = Ni jk/N 

~ i j k  : 2Pijk 

~ i l k l , 2 k  2 

p robab i l i t y  of select ing the k th 
i PSU assuming a single draw wi th in  

oh the i stratum 

p robab i l i t y  of select ing the k th 

PSU from the i th stratum assuming 
a Durbin select ion of 2 PSU's in 
the stratum. 

2Pi lk l  i 2k 2 1 1 

~i -2P'~I' + I-2P~ 
1ZK 2 lk 1 

j o i n t  p robab i l i t y  of select ing the k 
th and k 2 PSU's in the i stratum as- 

suming a Durbin select ion method. 
p'.. 

1jk 
~i = 1 + 7 .  Z , • j k 1-2Pijk 

A 

The true one PSU per stratum variance of y is 

VAR T = ~. ~. z Nij-----~kl y i j k N i j  j )2  ( i )  

The usual form of the collapsed stratum variance 
est imator [4] is" 

• N12 Yi lk  I 2 i 
VARcs = 7. - (2) 

i Ni lkz Ni Ni2k2 

where k I is the sample PSU in stratum ( i , 1 )  and 

k 2 is the sample PSU in stratum ( i , 2 ) .  

Roughly speaking, the collapsed stratum variance 
est imator acts as i f  each pai r  of collapsed strata 
had ac tua l l y  been one stratum in the f i r s t  place, 
and two sample PSU's had been selected with re, 
p l acement with probabil i ty proport ionate to the 
measure of  size Ni j  k. When the two paired st rata 

have equal measures of size, the collapsed 
stratum variance est imator (2) is always an over- 
estimate of variance under circumstances speci- 
f ied in [4].  
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The empirical results in this paper deal with 
the Yates-Grundy [6] without replacement variance 
es t i ma to r us i ng Durbi n probabi I i ty. ~ 

VARD=: ~ i l k l , 2 k 2  - i l k l  ~i2k 2 

The empirical resu l ts ,  as well as the theory in 
the ea r l i e r  paper, indicate that  the Durbin es- 
t imator usual ly has a smaller bias than the col 
lapsed stratum estimator. The empirical resul ts 
are mixed with respect to which est imator has a 
smaller variance, but show the Durbin est imator 
highly l i k e l y  to be subject to a smaller mean 
square error .  

I I .  EMPIRICAL RESULTS 
Empirical resul ts  for  part of South Dakota were 

presented in [4].  Results are presented here for  
a more extensive empirical invest igat ion performed 
in those parts of 14 addi t ional  States that are 
nonself-represent ing (NSR) in the 1976 expansion 
of the Current Population Survey (CPS). The 
s t r a t i f i c a t i o n  fo r  the 1976 CPS expansion is des- 
cribed in [1]. The l i s t  of PSU's and the col- 
lapsed strata for South Dakota and 14 additional 
States is given in [5]. The collapsed pairs of 
strata were formed by pairing NSR strata within a 
State according to their mean estimates of unem- 
ployment rate, with no regard for the population 
of the strata. The 1970 Census data were used to 
form the unemployment estimates. Variances were 
estimated for the 1960 Census estimate of total 
unemployment. Thus, the same characteristic was 
used as the characteristic o f  interest and the 
basic strat i f icat ion variable, but with a lO-year 
time difference to keep the correlation from being 
unreasonably high. 

Table A compares the expected values of the 
Durbin variance estimator (Formula (3)), and the 
collapsed stratum variance estimator (Formula (2)) 
with the true variance for all 15 States. The 
relative bias of these estimates is also listed 
in this table. 

Table A shows that for 12 out of 15 States, 
the Durbin estimator has smaller bias as compared 
to collapsed stratum estimator. I t  also shows 
that both estimators underestimated the variance 
in 3 States and Durbin has smaller bias for 2 of 
these States. In 4 States, the direction of bias 
was d i f f e ren t  for  the two estimators. Durbin 
underestimated in a l l  these States and has 
smaller bias in 2 of these 4 States. Table A 
fu r ther  shows that the expected value of the col-  
lapsed stratum est imator is usual ly higher (13 
out of 15 States) than the Durbin est imator.  In 
summary, Durbin is c lear ly  preferable with re- 
spect to bias in 10 of the 15 States, sometimes 
by quite a b i t  (e .g . ,  Idaho and New Mexico). 
Durbin is r e l a t i v e l y  worst in Oklahoma where i t  
has a -16% re la t i ve  bias compared to + 8% for  
collapsed stratum: -16%, however, is not a large 
re la t i ve  basis. 

Two hundred sets of sample PSU's, each set 
containing one PSU from each stratum, were sel-  
ected with p robab i l i t y  proport ionate to 1970 
Census populations. 2 Each of the 200 selections 
was independent so that the same selection could 
be repeated more than once. For each set, three 
variance estimates--Durbin, collapsed stratum, 
and actual (deviat ion)2--were computed. The 

aotual Cdeviation) 2 fo r  a pa r t i cu la r  sample is the 
" t rue error"  fo r  that  sample. The fo~?I~ula used 
for  the actual (deviat ion)  2 for  the K T M  Set of 
PSU' s was 

(~  2 Y i j k N i j  ~ 2 
DEv  : - (4)  

j=l  Nijk 

Table B compares the results of these statistics 
for the 200 samples combined. Column 4 and column 
5 measure the closeness of Durbin and collapsed 
stratum from the "true error" respectively. For 
example, the f i r s t  entry in column (5) was calcu- 
lated by taking the absolute difference between 
the collapsed stratum variance estimate and the 
(deviation) 2 for each of the 200 samples, and then 
taking the average of the 200 absolute difference~ 

Tables A and B show that the average Durbi, n es- 
timate agrees quite closely to its expected value; 
the collapsed stratum estimate also agrees quite 
closely to its expected value, and the average 
actual (deviation) 2 is quite close to the true var- 
iance. Most importantly, comparing columns (4) 
and (5) of table B show that the Durbin estimate 
tends to be somewhat closer to the actual (de~ation) 2 
than collapsed stratum does. Of the 15 States, 
Durbin performs better in all but 2, sometimes by 
large amounts (e.g., column 4 is 63% of column 5 
for Idaho). Collapsed stratum is only sl ightly 
preferable in the 2 States i t  is superior in. The 
difference of estimates from actual (deviation) 2 
were examined in detail for 5 States. These States 
were chosen such that they include one State for 
which both the Durbin and the collapsed stratum 
underestimated the variance, one State for which 
both estimators overestimated, one State for which 
only one estimator underestimated. The tal l ies 
for 200 sample estimates for these States were 
obtained to show how often a particular estimate 
was closer to actual (deviation) 2. This was also 
identified by the direction of the difference and 
is summarized in table C. 

T~ble C indicates that the Durbin estimator was 
usually closer to the actual (deviation) 2, even 
for Mississippi where collapsed stratum has a 
smaller relative bias. Another important result 
that can be drawn from this table is that the col- 
lapsed stratum variance estimator is higher than 
the Durbin estimator most of the time. 

Table D shows the estimated variances on the 
Durbin estimate and collapsed stratum estimate, 
and the absolute difference between Durbin and the 
DEV~, and the absolute difference between collapsed 
stratum and the DEV~. The formula used for the 
variance on the Durbin variance estimate is as 

fo I 1 ows" I A/RD ( 200 200 7. VARD(g 
VAR(Durbin Estimate)= 7. g) - g 

g 200 99 
Simi lar  formulae were used for  the other 
variances. 

In 9 of the 15 States, Durbin has lower var i -  
ance and the variance of the absolute di f ference 

2 of the Durbin estimate from the DEV K was smaller 
fo r  8 States. 

Since both estimates were biased and the var i -  
ances on one of the variance estimators were 
lower about ha l f  the time, the mean square errors 
(MSE) were computed for  the two est imators. I f  
the Durbin estimate has the lower bias and the 
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lower variance in a State, then MSE for  that  
State was not computed. Thus, MSE was computed 
only for  8 States, fo r  which collapsed stratum 
estimate has e i ther  lower bias or lower variance, 
or both lower bias and variance. Table E summar- 
izes the mean square errors of the two estimators 
by State. 

The most important comparison in th is  table is 
between the mean square errors of the Durbin and 
collapsed stratum estimates. The collapsed st ra-  
tum estimates have smaller MSE's for  only 3 States; 
2 of them wi th in  10% of the Durbin. In the re- 
maining 5 States, usual ly much lower mean square 
errors were observed for  the Durbin estimator. In 
addi t ion,  of course, for  a l l  7 States not included 
in table E, Durbin has smaller MSE. 

In summary, the empirical evidence points un- 
equivocal ly to Durbin being subs tan t ia l l y  prefer-  
able to collapsed stratum in most of the States. 
Durbin usual ly has smaller bias, i t  is general ly 
closer to the DEVZv and often has lower mean square 
error  even i f  the '\collapsed stratum estimate has 
e i ther  lower bias or lower variance. The Durbin 
estimate has smaller variance about ha l f  the tim~. 
One disadvantage of the Durbin estimator is that 
i t  tends to underestimate more often than the 
col Iapsed stratum. 

The resul ts found here may not, of course, 
hold for  a l l  s i tuat ions.  But in general, we 
think that Durbin should be bet ter  than collapsed 
stratum with respect to i t s  mean square er ror  and 
i t s  expected value. Par t i cu la r l y  important are 
the table B resul ts showing the Durbin est imator 
general ly closer to the actual (deviat ion) z than 
collapsed stratum for  almost every State. As ob- 
served, i t  did not have smaller variance for  
about ha l f  of the States that  we studied. Also 
in th is empirical study, col lapsing of Strata 
wi th in  a State was done with regard to the i r  
mean estimates of unemployment rate and very 
l i t t l e  consideration was given to having s im i la r  
s t rata populations. This could have been the 
reason that collapsed stratum and Durbin some- 
times resu l t  in underestimates of  variance (see 
[2 ] ) .  In a number of States, however, th is 
pair ing could not have been improved upon 
great ly  with respect to closer stratum size 
(wi th in collapsed s t ra tum).  

To invest igate the e f fec t  of  var ia t ion in 
stratum size wi th in  a collapsed pai r ,  2 s t rata 
in Mississippi were r e s t r a t i f i e d  such that they 
were s imi la r  in the i r  size (N~I = 248,780; 
N.~ = 263,189). These 2 s t rat8 were in the same 
c~flapsed pair  and previously had larger d i f f e r -  
ences (N. = 185,051; N. 2 = 326,918) in t he i r  
sizes th~ 1 the s t rata o~ any other pa i r  in the 
State. Simi lar  r e s t r a t i f i c a t i o n  for  2 st rata ina 
pai r  was also carr ied out fo r  Minnesota but the 
di f ference between the populations of the paired 
strata was only reduced from 138,036 to 103,775. 
For both States, the collapsed r e s t r a t i f i e d  
st rata in a pair  s t i l l  had s im i la r  mean estimates 
of unemployment rate. Table F presents results 
for  these 2 States. Table F indicates that the 
Durbin est imator performed bet ter  than the 
collapsed stratum estimator in terms of  bias 
and mean square er ror  a f te r  r e s t r a t i f i c a t i o n .  

Table G gives an overal l  summary of the compari- 
son for  each State. For 3 States, Durbin is bet- 
ter  in a l l  respects 3, while for  12 States the 
resul ts  are mixed. In no State is collapsed 
stratum bet ter  in a l l  respects. I f  variance of 
the absolute deviations of estimates from actual 
(deviat ion) 2 is disregarded, then Durbin is bet ter  
for  5 States in a l l  respects and the results are 
mixed for  the remaining States. 

I I I .  CONCLUSION 
The purpose of th is  paper is to compare the 

"Durbin" estimator to the collapsed stratum va r i -  
ance estimator. The empirical study indicates 
that one can s l i g h t l y  reduce the chance of under- 
estimating the variance by using the collapsed 
stratum variance estimator but the user has to 
pay in terms of a r e l a t i v e l y  much higher bias and 
mean square error  and of usual ly being fa r ther  
from the actual (deviat ion) 2. 

Based on this study, we recon~end that the 
"Durbin" variance estimator be used for  a one PSU 
per stratum sample design, except when the sizes 
of s t rata in collapsed pairs d i f f e r  great ly  (see 
the discussion near the end of Section I I ) ,  since 
this increases the l i ke l ihood that Durbin w i l l  re- 
su l t  in an underestimate of variance. 

An important decision to make in designing a 
sample survey is whether or not to s t r a t i f y  PSU's 
beyond a two PSU per stratum select ion method. 
H i s t o r i ca l l y ,  a major drawback in s t r a t i f y i n g  toa  
point  where only one PSU is selected from a st ra-  
tum is the i n a b i l i t y  to get an unbiased variance 
estimate. This may no longer be a strong argument 
against the Durbin estimator since i t  often has 
r e l a t i v e l y  small bias and mean square er ror  as 
shown by this empirical study. Table H gives bias 
averaged over a l l  15 States, and over 14 States 
(excluding Idaho as an o u t l i e r ,  since the enor- 
mous re la t i ve  bias for  Idaho tends to dominate the 
average). The absolute bias for  Durbin is less 
than ½ that of collapsed stratum. Taking into ac- 
count the sign of the bias, Durbin compares even 
more favo rabl y. 

A great deal of fu r ther  invest igat ion can be 
done on this topic.  ( I )  More theoret ical  work can 
be done to determine under exact ly what circum- 
stances Durbin can be expected to have a sma l le r  
bias and not be an underestimate. (2) The question 
that  Hart ley,  Rao, and Kiefer [2] have raised 
about the collapsed stratum estimator sometimes 
being an underestimate needs to be studied in re- 
gards to i t s  impl icat ions for  the s u i t a b i l i t y  of 
the Durbin est imator. (3) Al l  study so far  has 
been for  one stage se lec t ion - - theore t i ca l ,  and 
perhaps empir ical ,  work is needed for  two stage 
select ion.  (4) Other types of data, for  d i f f e ren t  
s t a t i s t i c s ,  should be examined to see i f  the em- 
p i r i ca l  results found here hold more general ly.  
In pa r t i cu la r ,  a largernumber of st rata should be 
dealt  with so that the variance estimators w i l l  
be more stable. (5) Addit ional without replacement 
estimators should be compared--those suggested to 
us are Murthy's estimator [3] ,  Hart ley-Rao-Kiefer 
estimator [2] ,  and the collapsed stratum estimator 
with the use of a f i n i t e  populat ion. factor .  (6) 
F ina l l y ,  comparisons could be made assuming a 
super population model. We intend to work in most 
of  ~these areas, but would encourage others also. 
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FOOTNOTES 
~In this paper this variance estimator wil l  be 

referred to simply as the Durbin estimator. 
2The empirical results for Arkansas, Missis- 

sippi, Oklahoma and South Dakota were also 
produced for 500 samples. These results were 
similar to those that were obtained from 200 
samples. 

3Underestimation is considered an undesirable 
property of the variance estimator. 
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Table A. EXPECTED VALUE OF TWO VARIANCE ESTIMATORS COMPARED TO TRUE VARIANCE 

State 

Arkansas (6)* 
Idaho (3) 
lowa (6) 
Kansas (5) 
Minnesota (4) 
Mississippi (5) 
Montana (3) 
Nebraska (4) 
New Mexico (4) 
North Dakota (5) 
Oklahoma (4) 
Oregon (4) 
South Dakota (6) 
West Virginia (3) 
Wyoming (3) 

Expected 
Expected Value of 

True Value of Collapsed 
Variance Durbin Stratum I (1)-(2) I I(1)-!3) I 

(1) (2) (3) (4) (5} 
_ 

2,835,595 3,287,745 4,969,829 452,150 2,134,235 
266,159 1,337,708 2,003,741 1,071,549 1,737,582 

2,817,127 3,841,805 4,868,176 1,024,678 2,051,049 
2,159,731 2,504,695 3,141,347 344,964 981,616 

11,031,963 8,270,689 7,297,599 2,761,274 3,734,364 

Percent 
Relative Bias of Estimator 

( Expected-True~ 
True .- j X I00 

Collapsed 
Durbin Stratum 

15.95 75.27 
402.60 652.84 
36.37 72.81 
15.97 45.45 

-25.03 -33.85 
5,002,061 4,084,544 4,632,847 
1,115,708 1,010,248 1,214,181 
1,030,793 1,147,678 1,259,757 

681,444 801,474 1,341,342 
794,006 743,440 1,037,522 

3,133,143 2,620,341 3,369,006 
3,315,178 2,429,252 2,354,265 

453,416 513,618 722,863 
2,427,192 2,298,296 3,478,642 

105,845 116,594 170,667 

917,517 369,213 
105,460 98,473 
116,884 228,964 
120,030 659,898 
50,566 243,517 

512,803 235,863 
885,926 960,913 
60,202 269,447 

128,896 1,051,450 
10,749 64,822 

-18.34 -7.38 
-9.45 8.83 
11.34 22.21 
17.61 96.84 
-6.37 30.67 

-16.37 7.53 
- 26.72 - 28.99 

13.28 59.43 
-5.31 43.32 
I0.16 61.24 

*Number of collapsed strata in a state is given in parenthesis after the State's name. 

Tabl e B. MEAN SAMPLE ESTIMATES OF THE DURBIN VARIANCE ESTIMATE, THE COLLAPSED 
STRATUM VARIANCE ESTIMATE, AND THE ACTUAL DEVIATION SQUARED 

Collapsed 
Durbi n Stratum Actual 

Estimate Estimate 
S ta te ( !)  (2) . . . . .  (3)  

Arkansas 3'099,321 4,752,881 3,055,956 
Idaho 1,287,817 1,961,914 242,187 
lowa 3,957,311 4,962,643 2,683,927 
Kansas 2,435,849 3,066,646 2,131,677 
Minnesota 7,773,099 6,896,191 10,475,599 
Mississippi 3,661,284 4,282,747 5,035,403 
Montana 1,013,756 1,210,466 1,022,239 
Nebraska 1,068,233 1,185,975 1,088,810 
New Mexico 756,791 1,305,699 684,055 
North Dakota  742,799 1,025,402 812,036 
Oklahoma 2,753,206 3,465,591 2,890,794 
Oregon 2,719,007 2,377,125 3,863,056 
South Dakota 519,183 739262 483,016 
West Virginia 2,225,667 3,203,288 2,418,193 
Wyoming 109,005 154,646 118,149 

1 G G 
) ] l ( lg ) - (3g) l  G 1-£1(2g)-(3g) 1 
g g 

Percent 
Ratio (4)/(5) 

(see note I) (see note 2) 
(4)  (5 )  _ (6 )  

3,032,925 3,866,875 78 .'43 
1,091,757 1,741,939 62.67 
3,270,499 3,878,140 84.33 
2,218,711 2,506,019 88.54 
8,923,482 8,873,567 i00.56 
5,258,259 5,444,332 96.58 
i ,  141,941 1,249,558 91.47 
1,166,689 I ,  218,518 95.75 

707,292 i ,  102,580 64.15 
864,045 992,708 8 7.04 

2,914,494 3,202,179 91.02 
3,446,226 3,407,513 101.14 

511,895 648,834 78.89 
2,486,259 3,130,730 79.41 

143,999 171,731 83.85 

( Deviation) 2 

IThe absolute values of the differences between the Durbin estimate and the actual deviation 
squared averaged over the sets of sample PSU's. 

2The absolute values of the differences between the collapsed stratum estimate and the actual 
deviation squared averaged over the sets of sample PSU's. 
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Table C. Frequency Distribution of Variance Estimates 
Closer to Actual (Deviation) 2 

State 

Out of All 
200 Samples 

Col Iapsed 
Durbin Stratum 

Estimate Closer to Actual (Devi~ation) 2 
When Only D urbin ~ When Both Are When Both Are 

Lower Than Is Lower than DEV~ DEV~ Greater Than DEV~ 

Collapsed Col I apsed Col lapsed 
Durbin Stratum Durbin Stratum Durbin Statum 

Col lapsed Stratum 
Estimate Higher 

Than Durbi n 
Mississippi 106 94 5 3 10 67 91 24 166 

(53.0%) (47.0%) (83.0%) 

Montana 120 80 3 4 2 73 115 3 195 
(60.0%) (40.0%) (97.5%) 

North Dakota 125 75 6 8 I 65 118 2 197 
(62.5%) (37.5%) (98.5%) 

Okl ahoma 122 78 3 9 8 59 111 I0 182 
(61.0%) (39.0%) (91.0%) 

West Vi rgi ni a 113 87 6 9 8 56 99 22 170 
(56.5%) (43.5%) (85.0%) 

~Whenever Durbin estimate was higher than actual (deviation) 2, the collapsed stratum estimate was also higher in 
all the samples in these States. But i f  only one estimate was lower than actual (deviation) 2, i t  happened to be 
Durbin all the time. 

Table D. Comparison of  the Variance of 
Vari ance Estimates 

(Al l  Numbers x 109 ) 

State 

Arkansas 

Idaho 

lowa 

Kansas 

Minnesota 

Mississippi  

Montana 

Nebraska 

New Mexi co 

North Dakota 

Oklahoma 

Oregon 

South Dakota 

West V i rg in ia  

Wyoming 

Variance of Ratio of Variance 

Col I apsed 
Durbi n Stratum i Durbin_ DEVil Estimate Estimate ~. IC°llapsed Stratum-DEVK,~[ 

(1) (2) (3) (4) 

2,217 3,906 7,289 7,193 

1,398 1,021 1,229 900 

6,721 5,939 7,873 7,781 

2,624 3,116 5,316 5,149 

46,256 38,117 113,420 117,971 

(5) ~6) 

56.76 101.33 

136.92 136.56 

113.17 101.18 

84.21 103.24 

121.35 96.14 

101.30 105.34 

76.39 97.27 

101.44 102.19 

47.14 62.09 

68.42 103.50 

80.34 98.92 

196.35 78.21 

54.36 98.29 

67.16 98.84 

71.43 95.00 

9,253 9,134 42,132 

618 809 1,178 

1,194 1,177 1,590 

561 1,190 470 

325 475 768 

3,232 4,023 9,947 

4,571 2,328 19,951 

106 195 287 

3,523 5,246 6,331 

10 14 19 

39,998 

1,211 

1,556 

757 

742 

10,056 

25,511 

292 

6,405 

2O 

Table E. Comparison of the Mean Square Error 
(MSE) of Variance Estimates 

(All MSE x 109) 

Mean Square Error of Estimate Percent 
Durbin Collapsed With Ratio of MSE 

Estimate Stratum Lower (I)/(2)/ 
Estimate MSE 

_ State ( I )  (2) _ _ (3) (4) 

Idaho 2,547 4,040 Durbi n 63.04 
lowa 7,771 10,146 Durbin 76.59 
Minnesota 53,880 52,062 Col. Strat. 103.49 
Mississippi 10,095 9,270 Col. Strat.  108.90 
Montana 630 819 Durbi n 76.92 
Nebraska 1,207 1,230 Durbi n 98.13 
Oklahoma 3,495 4,079 Durbin 85.68 
Oregon 5,356 3,251 Col. Strat. 164.75 

NOTE" For Mississippi,  col laped stratum variance estimate has lower 
bias and lower variance, and for Montana and Oklahoma i t  has 
lower bias only. For other States, i t  has lower variance. 
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Table F. Results for Minnesota and Mississippi After Restratification 

Minoesota Mississippi 

True Variance (1) 10,886,352 4,467,677 

Expected Value of 
Durbin (2) 8,187,905 4,099,833 

Collapsed Stratum (3) 7,668,569 5,366,847 

Relative Bias Durbin -24.79% -8.23% 

Relative Bias Collapsed Stratum -29.56% 20.13% 

Mean of 
I Durbin-DEV~l 10,472,676 4,809,192 

I Col lapsed Stratum-DEV~I 10,481,895 5,411,321 

Variance I of 

Durbin (4) 

Collapsed Stratum (5) 

I Durbin-DEV~l 

ICollapsed Stratum-DEV~l 

Variance Ratio (~Z(5) 
MSE I of Durbin 

MSE I of Collapsed Stratum 

Estimate with Lower MSE 
Ratio of MSE's 

Minnesota 

45,387 

44,250 

133,495 

137,879 

102.57% 

52,669 

54,605 

Du rbi n 
96.45% 

M.ississippi 

7,545 

12,579 

24,878 

24,643 

59.98% 

7,680 

13,387 

Du rb i n 
57.37% 

~Variances and mean square errors (MSE) are-number x I0 s. 

Table G. Summary Table of Results for Two Estimates 

Name of Estimate With 
Expected Value Smaller Variance 

State Closer to True Empirical Value 2 Smaller of Absolute De- Smaller 
Value Closer to DEV K Variance viations MSE 

Arkansas Durbin Durbin Durbi n Col. Strat. Durbi n 
Idaho Durbin Durbin Col. Strat. Col. Strat. Durbin 
Iowa Durbin Durbin Col. Strat. Col. Strat.  Durbin 
Kansas Durbi n Durbi n Durbi n Col. S tra t .  Durb i n 
Minnesota Durbin I Col. Strat. Col. Strat. Durbin Col. Strat. 
Mississippi Col. Strat. I Durbin Col. Strat. Col. Strat. Col. Strat. 
Montana Col. Strat. 2 Durbin Durbin Durbin Durbin 
Nebraska Durbin Durbin Col. Strat. Col. Strat. Durbin 
New Mexi co Durb i n Durbi n Durb i n Durb i n Durbi n 
North Dakota Durbin 2 Durbin Durbin Col. Strat. Durbin 
Oklahoma Col. Strat. 2 Durbin Durbin Durbin Durbin 
Oregon Durbin I Col. Strat. Col. Strat. Durbin Col. Strat. 
South Dakota Durb i n Durb i n Durb i n Durb i n Durbi n 
West Virginia Durbin z Durbi n Durbi n Durbi n Durbin 
Wyomi ng Durbi n Durbi n Durbi n Durbi n Durbi n 

Results for Two 
States After 
Restrati f i  cati on 

Minnesota Durbi n ~ Durbi n Col. Strat. Durbi n Durbin 
Mississippi Durbin z Durbin Durbi n Col. Strat. Durbin 

IBoth Durbin and collapsed stratum underestimated. 

2Only Durbin underestimated. 

TABLE H. Average Relative Bias of Two Variance Estimators Compared to 
True Variance 

Average Absolute Bias (%) i Average Bias(%) 
All States I Excluding Idaho I #~II States I Excluding Idaho 

i co Jr r ] . . . .  lapsed Str'a't'um I Durbin Collapsed Stratum Durb'in Collapse d Stratum Durbin Collapsed S~atum 

41.0 83. l 42.4 26.6 73.7 -. 2 32.4 
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