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Background

In probability sampling, sampling weights are used to consfruct esfimates of averages and variances, among
other quantities.

Such weights may include.
- Mon-response adjustments.
- Adjustments to known population totals.
Calibration with information from auxiary vaniables posiively correlated with the variables of
interest in the survey.
Rounding sampling weights to Integers.

* Rounding sampling wexghts is carried out in surveys relevant to decision-making such as

- ENOE (National Survey of Occupation and Employment), conducted by INEGI-quarterly.
— The monthly survey of IMEF (Mexican Institute of Finance Executives) from where the
manufacturing and non-manufacturing IMEF Indicators are constructed
— These indicators are used to anticipate the direction of economic activity, see Heath and Dominguez.

The methodological documents for these two surveys do not describe the rounding method used or
the reasons for its use.

[ 2 Objective

In this poster, it will be shown that rounding to integers the sampling weights biased the esfimator of the sample
average under simple random ling. Some ples will lify this effect.

~ The effect on systematic sampling with equal probabilities of selection will also be discussed

3 Sample Designs Used

Two sample designs widely used in practice will be analysed, see Cochran or Samdal et al
+  Simple random sampling without replacement, srswr.

+  Systematic sampling with equal probability of unit selection, sys
* It will be exemplified using circular systematic sampling

N = total of elements in population

+ n = total of elements in sample

« w =Nin =sampling weight without rounding

* Wy = [w]-1=sampling weight rounded down, [ ]it's the integer part
* W, =[w]  =sampling weight rounded up

+ r=remainder of the division of N by n
¢ = quotient of the divisian of N by n

Formula for Evaluating the Effects of Rounding on Sampling Weights

Because handling the integer function [] is not useful for the desired development, note that N
can be expressed as ;

N=nc+r

From this expression and the notation it can be seen that ¢ = w, ¢, therefore:

N=n Wyt i}
From this, the values of the rounded sampling weights are written as :

e = (N-ri/n and Wy = (N-T)in+1
With these definitions, all that remains is to determine the number of elements in the sample

that are rounded up and those that are rounded down, so that their sum is n.

* Ny will denote the number of ielements in sample rounded down
* Ny, number of elements in sample rounded up.

The sum of the two must equal n: M= Mg Ny

4 Determining Rounded Sample Sizes

+  The valuesof n; and n.,,, can be obtained by selving the following linear system of equations -

g+ Ngyp =1 ] Mg = (N= D 0 ) {00, Wsup )|
solution:
n =n-n

Wying Miar ¥ Wygyp Ny = sup nl

Estimations of the population total under srswr with rounding effects

+ The Honitz-Thompson estimator of the

total is used, see Sarndal et al. (1992)fora  « The total estimator, using the rounded

vanable y,. sampling weights, is constructed with the
+ The sampling weights for the srswr are weights rounded down (indices in rf) and up
Nin (indices in r2) as:

Population total estimator: i = E,,% Vi
+ Index k runs over all the elementsin the
sample.

¥ = Zers @aring Ye + Diera Wi sup Ve

To obtain the estimated total rounded using msrswr, ¥, the values of w, ;s and w, , are

substtuted in ¥
N-r
Z Vit Z Vi
n k kerz

Index k runs over all the elements in the sample..

Note that the second part of the estimator anly depends on the values of the vanable y, in the
part of the sample that was rounded up. The first part has an effect of the residual of division N/n,
The expected value using srswris:

Vrea =

E(req) = (1 - #)J«'{; + E(Eperz Vi) ‘

This value is biased and the second term depends on the sampling weights that are rounded up.

Example 1. Population with N=8 elements and values y, equal to {3.34,28,36,43,31,20,17} From this
popuiation al possible 56 samples of size n=3 are drawn using srswr

In this example: =NI=2.67, =2, W = 2, Wy = 3, My = 1, Ny, = 2. Forall possible samples, the possible
roundings are calculated; that is; rounding down on the first item in the sample (denoted by red_1); rounding
the second ftem in sample (red_2) and the third (red_3) and are compared with the non-rounding
estimator (red_0), which uses =N,

* The pop Ers are: red 0 | red 1 red 2 red_3
. Meanz 26625 ;{;’;’gﬁ:“e‘:{d 2% 19 2% 23%
2 i §2=161.411 P:r.-r:mrrr;mrrm FB.BE 77088 25.775 26913
+ Variance of the mean ke btivee) szew | 27730 3eve2  3sam

estimator = 33.627
« The table on the nght shows that

means

Comparison of Menas and Varances of Rounding vs No Rounding weights

rounding has slight effects on the s % i 1%
reg_yres

average and large effects on the variance e, e P

variance red ifred 1

Note: this exercize was carried out for eircular systematic sampling in which thare are eight possible samples and with the
paszible lings, the deviationz of tion variances wers: -1%, 289% and 1%, The estimated means were not

changed due fo the balance of the units sampled’ in the subsels that are rounded up and down

Example 2 Estimate the tolal number of conservalive legislatorsin Sweden's cily councils with a small sample
from the book by Samdal et al. (1992), example 4.2.1, page 129. It's a simple random sample of one-stage
clusters of sizen=16 from a population with N=50. The estimated value of the total is 2,347 legisiatars and the
variance estimator is §2.312, see page 130 of Sémdal et al, (1992)

= in this example we have fENin= 3125, =2, w,; = 3, Wy =4, 0= 14,0, = 2. These estimators will be

compared to those computed with all sampling weights rounding combinations, which are all size 2 subsels

of 16, which gives 120 possible types of rounding

As there are 120 possible values, two graphs of the mean and variance estimators are shown compared

with those obtained by Sémdal et al. (1992). Values were sorted by estimated average in an increasing

manner.

+ The graph shows that the ted values of the average show deviations of up fo 4% compared fo the
average without using rounding. The estimated variances show dewviations of up to 15% with respect to the
estimated variance without rounding to integers the sampling weights.

i

Comparison of Mean Values and Estimated Variances of
the 120 Possible Roundings vs No Rounding
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* An expression was constructed showing that the mean estimator using sampling weights rounded to
inteqers s biassd and exemplified with two small populations (they could be part of a stratum in a larger

ation)

* In the examples, itcan be appreciated a medium to large effect of deviation in the sstimated vanance using
sampling weights rounded fo infegers compared to the variance without rounding in srswr,

* In the case of circular systematic sampling, there are effects in the estimation of the variance of the fofal;
however, there is no impact on the mean estimator because the sampled items appear the same numbers.
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