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Background

In their 2006 article on responsive design, Groves and Heeringa drew a second-phase sample as the final phase of the responsive design on NSFG cycle 6. This sample selected non-respondents that had high propensity to respond, stratified by segment to control costs. Admittedly, the design was expected to increase the sampling variance by approximately 20%.

Driven by Groves and Heeringa’s work, NatCen has begun incorporating similarly designed targeted non-response follow-ups into the protocols of upcoming studies. To address non-response bias, NatCen’s second phase sample proposes to stratify cases based on household or individual characteristics desirable for balancing the sample and then over-sample those with a higher propensity. Although Groves and Heeringa warn that the variance of the combined selection weights may inflate the total survey error, overriding the benefits of the non-response bias correction, work by Peytchev et al seems to indicate that variance inflation is not a problem. They found that the variance inflation due to subsampling was countered by the increase in sample size, resulting in little or no additional inflation in standard errors. Therefore, it is unclear if the total survey error will be improved under NatCen’s responsive design protocol. 

The analysis presented below aims to evaluate the proposed responsive design protocols by measuring the bias and variance of several key outcomes of NatCen survey data. These measures can be combined through the calculation of the mean square error, allowing for the evaluation of the total error. This statistic will reveal whether any or all of the responsive design protocols are superior to a single phase of data collection in terms of error reduction.
Design

Completed data from the November and December 2009 sample of the Health Survey for England (HSE) was used to simulate a responsive design protocol. Three separate second phase samples were drawn from each month to assess the level of bias correction and additional sampling variance introduced by each design. We assessed the overall sampling variance and non-response bias from the combined phases by comparing error estimates for the combined Phase 1 and 2 samples to estimates from the Phase 1 sample and to estimates from the overall HSE sample (November and December), which is treated as a gold standard in this analysis. 

Method
Phase 1 of the simulation was defined as the point at which all cases issued in November and December had been called four times. Information collected about calls made up to this point, plus interviewer observations, interviewer characteristics and a set of area-level characteristics, were used to model household non-response. Discrete hazard models were used to estimate the propensity that a household would respond at the next call. The predicted probabilities from the model were saved and used for sub-sampling at Phase 2. The model is given in Appendix A. 
Interviewers also recorded observations as to whether there was evidence of smokers or children in the selected household. These two characteristics were of particular interest and relevance to the health survey as indicators of potential non-response bias. This information was used to monitor both non-responding and responding households to identify the potential for non-response bias.

Under this simulation we have decided we only have budget to issue cases in a proportion of the areas being worked (24 PSUs out of a total of 60). All cases that had not completed a household interview or were deemed ineligible after four calls were eligible for Phase 2. The model would help us decide how these areas should be selected. 
Each of the sampling strategies investigated in this paper are based on selecting whole PSUs at Phase 2. Any active cases within the selected PSU would then be re-issued at Phase 2. NatCen surveys are generally carried out face to face, with each PSU being a complete interviewer assignment. Only re-issuing a selection of PSUs would mean only a selection of interviewers are used at Phase 2, which should reduce costs and free up the remaining interviewers for other projects. The assumption is that all PSUs have been fully worked at Phase 1 and only a sub-sample needs to be issued for Phase 2. An alternative would be to select and reissue individual cases. Whilst there may be benefits to doing this, they have not been explored here. 
Three Phase 2 samples were drawn for comparison:
(i) Cost effective sample (CE): The predicted probabilities from the models were aggregated to generate scores for each Primary Sampling Unit (PSU). PSUs were then selected at random with probability proportional to the aggregated score and the number of active cases left in the PSU. This means a PSU containing a large number of active cases that all have high predicted probabilities of responding would have a high chance of being selected. 

(ii) 'Pure' bias reduction (BR): The aim here was to over-sample cases which were under-represented in the sample according to the interviewer observations (whether there was evidence of smoking and whether there was evidence of children in the household), ignoring what was cost effective. All the active cases were given a weight based on the interviewer observations. The weighting factor was based on the Phase 1 response rates; the aim was to give a weight to cases that were under-represented in the Phase 1 sample to increase their chances of being selected at Phase 2. Households that did not contain either children or smokers had lower response rates at the end of Phase 1 and were given a higher weight. The weights were aggregated across PSUs and PSUs were selected at random with probability proportional to the aggregated weight. The number of active cases left in the PSU was not taken into account during the selection.

(iii) Cost effective bias reduction (CEBR): This was a combination of (i) and (ii). PSUs were selected with probability proportional to aggregated predicted probabilities, the number of active cases left in the PSU and weights based on interviewer observations. 

All three of these Phase 2 sample designs selected PSUs with unequal selection probabilities. Selection weights were generated as the inverse of the selection probabilities. No trimming or alternation of the selection weights was performed.
Comparison of demographics
The first step of the analysis was a comparison of the demographic profiles of the different samples to all November and December respondents. We firstly compared the household profiles for the interviewer observations that had been used to monitor the sample (see Figure 1). 
Figure 1
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Generally, working the sample more brought the percentages into line, regardless of the design, however the Bias Reduction (BR) and Cost Effective Bias Reduction (CEBR) samples were closer to that of the whole sample (all November and December respondents) than the Cost Effective (CE) sample. The Phase 1 sample (respondents that had participated after 4 calls) was the least similar. 

Figure 2
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Figure 2 shows the individuals that belong to different household types, based on actual data, rather than interviewer observations. The Phase 1 sample under represents households not containing children and all adults are under 60 yrs and households containing children. It over represents households not containing children where all the adults are aged 60 or more. The Phase 2 samples are closer to the whole sample but the BR and CEBR samples are generally closer. The CEBR sample is most similar. Further comparisons were carried out which showed the CEBR and BR samples to be most similar to the whole sample, reported below. 
Results of analysis
The combined Phase 1 and Phase 2 samples for each design were compared for differences in response, bias and variance inflation.  The results were based on a set of key health variables. It is standard practice to present health data separately by sex; these results are for women aged 16+. 
Response: As expected, the Phase 2 response rate for the CE sample was highest across the three designs (61% compared to 51% and 53% for the BR and CEBR samples, respectively) and gave the largest total sample size, although the difference was small (CE = 554, BR = 531 and CEBR = 540 individuals in phases 1 and 2 combined, there were 304 individuals in Phase 1). This is still encouraging as it suggests the model was predicting response successfully. However, the results showed the CE sample design was less successful at reducing bias. 
Bias: The BR and CEBR samples appeared to reduce bias most. Both designs reduced bias far more than the CE sample but the difference between the BR and CEBR samples was very small, the CEBR sample was marginally better. This is shown in Table 2 of Appendix B. 
Variance: The same pattern was seen for variance: BR and CEBR samples had lower variance than the CE sample. The estimated variance for BR and CEBR samples was very close but the CEBR sample was slightly lower. Table 1 shows the variance for the different estimates. 
The Mean Square Error (MSE) was generated for a selection of estimates of health and health-related behavior for each of the combined samples. This is calculated as:
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 is the estimate for the full HSE sample. The above patterns for variance and bias were repeated for MSE, this is shown in Table 3. 
Inflation of standard errors due to additional selection weights was around 5% for all designs. The impact is relatively low because we had not varied the selection probabilities too greatly – the largest selection weight was around 3-4 times the smallest weight for all designs. 

Conclusions 

The results showed that focusing solely on cost effectiveness increases the amount of bias in the survey estimates. 

They also suggested that a sample design based purely on reducing bias and ignoring predicted response propensities does not perform much better than a sample designed to reduce bias whilst focussing on the more cost effective respondents. Therefore, it is recommended that NatCen implement a responsive design protocol similar to the CEBR design for maximum gains in cost and error reduction.
Caveats to this research

· This simulation was not a true responsive design because the protocol did not change at Phase 2. It is expected that with a protocol change, bias reductions would be even greater (see Peytchev et al.).
· Sampling PSUs, rather than individuals, could have reduced our ability to target specific groups and may be one reason why the BR sample did not perform much better than the CEBR sample in terms of reducing bias for health estimates for women.  

· There were some discrepancies between the interviewer observations of households containing smokers or children and the survey data, indicating measurement error in the observations (Shown in Table 4 of Appendix B). This has implications when using the observations for sampling at Phase 2, although the Phase 2 samples that used the observations appeared to still reduce overall bias. 
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Appendix A: Propensity model

	
	Odds Ratio
	Std. Err.
	z
	P>z
	[95% Conf.
	Interval]

	
	
	
	
	
	
	

	Call1
	1.1
	1.31
	0.1
	0.93
	0.1
	11.2

	Call2
	63.5
	83.95
	3.1
	0.00
	4.8
	847.9

	Call3
	50.2
	66.07
	3.0
	0.00
	3.8
	663.3

	Call4
	72.8
	96.08
	3.3
	0.00
	5.5
	967.4

	
	
	
	
	
	
	

	ONS Ward-level area type 
	
	
	
	
	
	

	Industrial areas (baseline)
	1.0
	
	
	
	
	

	Multicultural areas/Student areas
	11.4
	7.24
	3.8
	0.00
	3.3
	39.6

	Prosperous areas/Suburbs
	1.4
	0.67
	0.7
	0.47
	0.6
	3.6

	Coastal and countryside 
	1.0
	0.40
	0.0
	0.98
	0.5
	2.2

	
	
	
	
	
	
	

	Outcome of previous call
	
	
	
	
	
	

	Some interviewing (baseline)
	1.0
	
	
	
	
	

	No reply
	0.0
	0.01
	-6.6
	0.00
	0.0
	0.1

	Contact made
	0.0
	0.02
	-5.4
	0.00
	0.0
	0.1

	An appointment made
	0.6
	0.34
	-0.9
	0.35
	0.2
	1.8

	
	
	
	
	
	
	

	Interviewer grade
	
	
	
	
	
	

	C (baseline)
	1.0
	
	
	
	
	

	D
	2.2
	0.80
	2.2
	0.03
	1.1
	4.5

	S
	0.9
	0.34
	-0.3
	0.73
	0.4
	1.9

	T
	0.4
	0.20
	-1.8
	0.07
	0.2
	1.1

	
	
	
	
	
	
	

	NatCen field area
	
	
	
	
	
	

	0 South & London (baseline)
	1.0
	
	
	
	
	

	2 North West & Wales
	0.1
	0.06
	-2.9
	0.00
	0.0
	0.4

	3 North East & Yorkshire
	0.0
	0.04
	-3.3
	0.00
	0.0
	0.3

	4 Midlands
	0.0
	0.04
	-3.0
	0.00
	0.0
	0.3

	6 East Midlands & London
	0.1
	0.07
	-3.1
	0.00
	0.0
	0.4

	7 South West & Wales
	0.1
	0.13
	-2.1
	0.03
	0.0
	0.9

	8 South East & London
	0.1
	0.07
	-2.8
	0.01
	0.0
	0.5

	9 East Anglia & London
	0.0
	0.03
	-3.5
	0.00
	0.0
	0.2

	
	
	
	
	
	
	

	% detached households in PSU
	1.1
	0.02
	2.5
	0.01
	1.0
	1.1

	Population density of PSU
	1.0
	0.01
	-1.9
	0.06
	1.0
	1.0

	% households heads in the PSU in a non-manual occupation 
	0.9
	0.03
	-2.3
	0.02
	0.9
	1.0

	
	
	
	
	
	
	

	Evidence of children at the household (interviewer obs)
	
	
	
	
	
	

	Yes (baseline)
	1.0
	
	
	
	
	

	No 
	1.8
	0.53
	1.9
	0.06
	1.0
	3.2


Notes: Data are at call level, n = 2158
Outcome is: 1 = interviewed at that call, 0 = no interview

Appendix B: Tables of results

Table 1 Variance of estimates for women
	Estimate
	All
	Phase 1
	Cost
	Bias
	Cost &Bias

	
	%
	%
	%
	%
	%

	 
	 
	 
	 
	 
	 

	Good health
	21.0
	25.1
	22.4
	20.5
	19.8

	Poor health
	8.1
	13.5
	6.4
	8.3
	5.6

	Recent acute illness
	14.7
	17.1
	16.0
	14.3
	14.7

	GHQ score high
	12.7
	15.8
	15.9
	13.3
	12.4

	Currently smokes
	14.1
	15.0
	15.9
	14.8
	14.8

	Regularly drinks alc
	16.8
	17.8
	18.9
	13.8
	16.2

	Non-drinker
	11.8
	12.7
	11.7
	13.4
	12.2

	5+ portions veg
	18.6
	17.1
	20.2
	17.3
	19.2

	<5 portions veg
	21.1
	20.6
	22.5
	20.8
	20.7

	Mean
	15.4
	17.2
	16.7
	15.2
	15.1


Table 2 Difference between estimates for women from the population (All) and different phase 1 and 2 samples 
	Estimate 
	Phase 1
	Cost
	Bias
	Cost&Bias

	  
	%
	%
	%
	%

	 
	 
	 
	 
	 

	Good health
	-15.8
	-4.0
	1.0
	2.7

	Poor health
	7.0
	-2.1
	0.2
	-2.9

	Recent acute illness
	3.8
	2.1
	-0.5
	0.0

	GHQ score high
	4.5
	4.9
	0.8
	-0.4

	Currently smokes
	1.2
	2.8
	1.0
	1.1

	Regularly drinks alc
	1.5
	3.9
	-4.7
	-1.0

	Non-drinker
	1.2
	-0.1
	2.4
	0.6

	5+ portions veg
	-3.0
	3.4
	-2.5
	1.2

	<5 portions veg
	1.7
	-3.9
	0.7
	1.0

	Mean of absolute diff
	4.4
	3.0
	1.5
	1.2


Table 3 MSE of estimates for women

	Estimate
	Phase 1
	Cost
	Bias
	Cost&Bias

	
	%
	%
	%
	%

	 
	 
	 
	 
	 

	Good health
	274.1
	37.9
	21.6
	27.2

	Poor health
	62.0
	10.6
	8.3
	14.0

	Recent acute illness
	31.4
	20.2
	14.5
	14.6

	GHQ score high
	35.7
	39.0
	13.8
	12.4

	Currently smokes
	16.6
	23.7
	15.6
	15.8

	Regularly drinks alc
	20.1
	34.2
	34.6
	16.5

	Non-drinker
	14.2
	11.5
	18.5
	12.2

	5+ portions veg
	26.0
	31.6
	23.5
	20.7

	<5 portions veg
	23.4
	37.8
	21.3
	21.7

	Mean
	55.9
	27.4
	19.1
	17.2


Table 4 Correspondence of interviewer observations and survey data

	 
	
	
	Survey data
	
	

	Interviewer observations
	None
	Evidence of smoking only
	Evidence of children only
	Evidence of smoking and children
	Total

	
	
	
	
	
	

	None


	400
	45
	31
	18
	494

	Evidence of smoking only


	12
	33
	0
	2
	47

	Evidence of children only


	26
	3
	47
	21
	97

	Evidence of smoking and children
	2
	3
	0
	13
	18

	
	
	
	
	
	

	Total
	440
	84
	78
	54
	656


Base: All responding households in HSE 2009 November and December
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