Weighting for non-response: illustrative examples

Suppose we divide our population into two equally large strata. Suppose also we randomly select samples of 100 from each stratum, h. The sample, therefore, is self-weighting, as it would also be if we select proportionately from unequally sized strata.

So nh = 100, h = 1,2.

Suppose the probability of a response (ph) is 0.9 in stratum 1 and 0.7 in stratum 2, giving an overall response rate of 0.8 and actual sample sizes (mh) of 90 in stratum 1 and 70 in stratum 2. (Note that usually we only have estimated response probabilities.)

Suppose we decide to weight for this differential non-response, using weights (wh) that are inversely proportional to the probability of response and then standardised such that:
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 (= 160 here) is the total measured sample.

Then w1 = 0.889 and w2 = 1.143.

Case 1

Suppose we measure a binary variable with prevalence πh = 0.5 for both h.

Then, ignoring sampling fluctuations and providing differential response is unrelated to the outcome of interest, the unweighted and weighted estimates are identical (and equal to 0.5) because prevalence does not vary by stratum.

	
	STRATUM 1
	STRATUM 2

	OUTCOME
	YES (n11 = 50)
	NO (n12 = 50)
	YES (n21 = 50)
	NO (n22 = 50)

	Observed: mhk
	45
	45
	35
	35

	Weighted: 

wh.mhk
	40
	40
	40
	40


Case 2

As for case 1 except that the probability of response (phk) for category k (k = 1,2) varies according to the value of the binary variable such that p11 =1; p12 =0.8; p21 =0.8; p22 =0.6. The unweighted and weighted estimates are essentially the same but both are wrong (equal to 0.563 rather than 0.5) because differential response is now related to the outcome of interest. The ‘true’ standardised weights (whk) are 0.8, 1, 1, 1.33 but these (and phk) are unknown.

	
	STRATUM 1
	STRATUM 2

	OUTCOME
	YES (n11 = 50)
	NO (n12 = 50)
	YES (n21 = 50)
	NO (n22 = 50)

	Observed: mhk
	50
	40
	40
	30

	Weighted (1): 

wh.mhk
	44.45
	35.56
	45.72
	34.29

	Weighted (2): 

whk.mhk
	40
	40
	40
	40


Case 3
As for case 2 except that p21 =0.9; p22 =0.5 so response is now more strongly related to outcome in stratum 2 than in stratum 1. Now the weighted estimate (0.599) is further from the correct estimate than the unweighted estimate (0.594).

	
	STRATUM 1
	STRATUM 2

	OUTCOME
	YES (n11 = 50)
	NO (n12 = 50)
	YES (n21 = 50)
	NO (n22 = 50)

	Observed: mhk
	50
	40
	45
	25

	Weighted: 

wh.mhk
	44.45
	35.56
	51.44
	28.58


Case 4

Suppose now we measure a binary variable with prevalence π1 = 0.5 and π2 = 0.8 so prevalence varies by stratum and the population prevalence is 0.65. We assume that response varies by stratum as in case 1 (that is, it is unrelated to outcome). Now the unweighted estimate is too low (0.63) but the weighted estimate is correct.

	
	STRATUM 1
	STRATUM 2

	OUTCOME
	YES (n11 = 50)
	NO (n12 = 50)
	YES (n21 = 80)
	NO (n22 = 20)

	Observed: mhk
	45
	45
	56
	14

	Weighted: 

wh.mhk
	40
	40
	64
	16


Case 5

Finally, we change case 4 so that the probability of response is related to the outcome with p11 =1; p12 =0.8; p21 =0.8; p22 =0.3. Again the weighted estimate (0.735) is further from the correct estimate (0.65) than the unweighted estimate (0.713).

	
	STRATUM 1
	STRATUM 2

	OUTCOME
	YES (n11 = 50)
	NO (n12 = 50)
	YES (n21 = 80)
	NO (n22 = 20)

	Observed: mhk
	50
	40
	64
	6

	Weighted: 

wh.mhk
	44.45
	35.56
	73.15
	6.86


Conclusions

1. Weighting for differential non-response is unnecessary if the outcome is unrelated to the sources of the non-response.

2. Weighting for differential non-response can be helpful if the outcome is related to the sources of the non-response and the probability of response is unrelated to the outcome.

3. Weighting for differential non-response can be unhelpful if the outcome is related to the sources of the non-response and the probability of response is related to the outcome. In some circumstances, weighting can be worse than doing nothing.

4. It can be argued that there are better ways of dealing with non-response than by weighting.
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