Sample Survey Formulae

Simple Random Sampling (Without Replacement)

Population: {Yi,...,Yn}, py = S YVi/N, 7v = SN Vi, 02 = SN (Vi — uy)?/N, S2 =
Noi /(N —1).

Sample: {yla s ayn}a g = Z?:l yi/na 532; = Z?:l(yi - g)?/(n - 1)

Estimating the mean
Estimator: iy = 9.
Variance: Var (iy) = S2(1 — f)/n where f =n/N.

)=s;(1—f)/n.

Variance estimator: Var (fiy
Sample size: n = Noi/((N —1)D? + 0%), where D? = Var jiy.

Stratified Random Sampling

Population: Ny, pp, O’%L and S}QL are as above but for stratum h; Wy, = N /N. uy, N are as before
and refer to the whole population.

Sample: ny, gp, s% and fj, = np/N}, are as above but for the subsample from stratum h. n is the
whole sample size.

Estimating the mean
Estimator: jig = Zi:l Whun-
Variance: Var (fis) = Z£=1 W2 S2(1— fn)/nn.
Variance estimator: Var (fis;) = Zle W2 s2(1— fn)/nn.

Sample size: n = Zizl(N,%S,%/wh)/(NQV + Z;LL=1 Ny S?)  where V = Var (jis;), wp = np/n.

Proportional allocation
Put ny/n = Np/N then

Variance: Var prop(,[lfst) = ((1 - f)/n) Zﬁ:l Wh Sf21

Optimal allocation

For cost function C = ¢g+ > cpnp, the cost C is minimised for a specified variance Var (fis;), and
the variance Var (fi5;) is minimised for a fixed cost C, if
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Neyman allocation

Optimal allocation when ¢;, = ¢ for all h.
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Post-stratification

Let my, be the number of units in stratum h.
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Cluster sampling

Population: gy = population mean per element, M = number of elements in population;

Clusters: N = number of clusters in population, mj = size of cluster h, u, = mean of cluster h,
7, = total of cluster h, o} = variance of cluster h. o7 = between cluster variance.

Sample: n = number of clusters in sample, §; = mean of cluster ¢ in sample, ¢; = total of cluster
1 in sample.
One-stage cluster sampling with equal-sized clusters
Estimator: fig =Y n_, Yn/n.
Variance: Var (fi) = SZ(1 — f)/n  where f =n/N, S = No?/(N —1).

Variance estimator: Var (fig) = s2(1 — f)/n  where s7 is the sample variance of the selected
cluster means

One-stage cluster sampling with unequal-sized clusters
Estimator: fi, =t/m  where t = (3, t;)/n, m = (3, m;)/n (sample averages).
Variance: Var (fier,) ~ (N/M)2((1 = £)/n) Son_y (th — pymp)?/(N = 1).

Variance estimator: Var (fie,) = (1/m)*((1 — £)/n) S0 (ti — frermi)?/(n — 1)

Ratio and regression estimators

Population: px is known, gy unknown, R = py /ux.

Sample: SRS with data {(z;,y:);i=1,2,...,n}, r =y/z.



Ratio estimator
Estimator: fiyqtio = Titx-
Variance: Var (firatio) (1= )/n) o0y (Ve — RX0)?/(N — 1)
Variance estimator: VAr (firario) = (1 — f)/n) Sy (i — rei)2/(n — 1)
= ((1 = f)/n)(s] — 2rpsys, +r?s2)  where p = spy/(545,)
Regression estimator

Estimator: fi;, = 7+ b(ux — ).

e When b = by is pre-assigned:
Variance: Var (fi;-) = ((1 — f)/n)(S% — 2boSxy + b3S%)
Variance estimator: Var (fiz) = ((1 — f)/n) (52 — 2005y + bjs2).

The best value to assign b is 3 = Sxy/S%, which minimises Var (j,.).

wjnlVas ()] = 20 (g - S0 ) - OB spa - ),

e When b is estimated from the sample:

Estimator for b: 3 = XY
X

Variance: Var [jy,(3)] ~ Var [, (8)] = (1 — f)/n) (S3 — S%y/S%)
Variance estimator: Var [, (3)] = (1 — f)/n) (n —1)/(n — 2)) (52 —s2,/s2)
= (1= f)/n)(n—1)/(n—2))s; (1 - p*) where p = s4y/(525y).




