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1
Introduction
To ensure that no group is under- or over-represented in estimates from a survey, a method of calculating estimates which reflects the sample design must be used. This is usually achieved by assigning a weight for every respondent in the survey unit record file; these weights can then be used in calculating estimates of population totals, averages, counts and proportions, or in statistical modelling. Survey weights are designed to meet a number of objectives:

· Weights should reflect the sampling process, for example groups who had a smaller chance of selection in the sampling design should be assigned a higher weight.

· Weights should adjust for non-response as far as this is possible using the information available. Groups who had a lower rate of response to the survey should be assigned a higher weight.

· Weights should make use of external benchmark information to reduce standard errors of weighted estimates.

This report describes the creation of estimation weights for the ITC unit record dataset.

The 2007 ITC sample was obtained by a complex sampling and response process. The first phase of sampling was the selection of the 2006/2007 New Zealand Health Survey (NZHS) sample using an unequal probability, multi-stage sampling design. NZHS respondents satisfying an eligibility requirement (essentially that the respondent is a regular smoker), were asked if they were available to be recontacted for the ITC. Those who agreed were subsequently approached for the ITC, and complete responses were obtained from a subset of this group.
Calibrated weighting was used to achieve the above objectives for the ITC. In some surveys, calibrated weights are calculated using population benchmarks, for example the NZHS weights were calculated using population benchmarks from Statistics New Zealand which were based on the 2006 Census. The ITC had a restricted scope (regular smokers only) and was a subsample of the NZHS sample. Because of this, ITC weights were based on benchmarks calculated from the NZHS. Benchmarks based on a survey are sometimes called pseudo-benchmarks. This type of calibrated weighting is sometimes called two-phase calibrated weighting.
Section 2 of this note briefly describes how survey weights are used. Section 3 summarises the weighting method used in the NZHS, as this was the starting point for the calculation of the ITC weights. Section 4 describes the calculation of ITC weights and the characteristics of the weights. Section 5 describes an alternative weighting approach where the 2006 Census smoking question was used in weighting. This method was not implemented for a number of reasons, the main one being that the NZHS and ITC smoking information may be superior in some ways to the Census data, because while the Census is free from sampling variability, the surveys were based on personal interviewing rather than a self-completion form. Section 6 contains response rate and Section 7 comments on the weighting for future waves of ITC.
2
Survey Weights

The estimation weight (usually abbreviated to "the weight") is sometimes thought of as the number of population members represented by a given respondent.

Weights are designed to do two things:

a) reflect the probabilities of selection of each respondent; and

b) make use of external population benchmarks (typically obtained from a population census) to correct for any discrepancies between the sample in the population. This improves the precision of estimates and reduces bias due to non-response.

Aim (a) can be achieved by setting weights equal to one divided by the probability of selection for the respondent. This method is called inverse probability weighting. A better method is calibrated weighting, which can achieve both (a) and (b).

Section 2 of this note will describe this process in more detail.

Once weights have been calculated for all respondents, estimates of means, totals, counts and proportions can be calculated as follows:

Totals

Estimates of totals are given by the sum over the respondents of the weight multiplied by the variable of interest. For example, estimate of total number of bicycles owned by the whole population would be given by the sum over all respondents of (#bicycles owned by respondent)*weight.
Averages
Estimate of the population average are calculated by

- the sum over all respondents of the weight multiplied by the variable of interest, 
divided by

- the sum of the weights.

Averages within Groups
Sometimes the average within a group is of interest, for example the average number of bicycles owned by males. The estimate is given by:

the sum over respondents in the group of the weight multiplied by the variable of interest;

divided by

the sum of the weights of respondents in the group.

Counts

The number of people in a group (for example the number of people with diabetes) is estimated by the sum of the weights of the respondents in the group.

Proportions
The proportion of the population who belong to a particular group (for example the proportion of the population who have diabetes) is estimated by the sum of the weights for the respondents in the group, divided by the sum of the weights of all respondents.

Proportions within a Group
The proportion of people in a group who belong to a subgroup (for example the proportion of Māori who have diabetes) is estimated by the sum of the weights for the respondents in the subgroup, divided by the sum of the weights for the respondents in the group.

Weighted Regression and Other Statistical Models
Weights can be used in regression and other analyses, to ensure that different groups in the population are represented proportionately in analyses. Almost all statistical packages allow for the use of weights in analysis, however in some cases the associated standard errors will not be correct for weighted data. The statistical packages SAS, R, STATA, SUDAAN and SPSS all have specialist procedures which correctly implement survey weighting in regression modelling.
3
Calibrated Weighting in the 2006/2007 NZ Health Survey
The most commonly used methodology for survey weighting is calibrated weighting. Calibrated weights are calculated using some population benchmark information obtained externally from the survey. The aim in calibrated weighting is for the sum of the weights in the sample, broken down by variables of interest, to exactly agree with external population counts. This means that discrepancies between the responding sample and the population are corrected for in weighted estimates, at least with respect to the variables used in weighting.
In the case of the 2006/2007 NZ Health Survey, the external population counts were based on the 2006 Census broken down by
Age (0-4, 5-9, 10-14, 15-19, 20-24, 25-29, 30-34, 35-39, 40-44, 45-49, 50-54, 55-59, 60-64, 65-74, 75+)

by

Sex (male, female)

by

Total Response Ethnic Group (Statistics New Zealand Level 1 classification: Māori, Pacific, Asian, Other)

and also broken down by

District Health Board (DHB) area;

by

Child (0-14) vs Adult (15+).

Standard errors are a measure of the precision of an estimate. Replicate weights are a method for obtaining standard errors for any weighted estimate. In the NZHS, 100 replicate weights were produced for every unit in the sample. For any weighted estimator, 100 "replicate estimators" can be calculated using these replicate weights. The standard error of the estimate is then estimated based on the variation across these 100 replicate estimators. This process can be done automatically in a number of statistical packages, including SUDAAN, STATA and R.

For full details, see the Methodology Report for the 2006/2007 New Zealand Health Survey (Ministry of Health, 2008).

4
Two-Phase Calibrated Weighting for ITC 2007

NZHS respondents were in the scope (target population) for the ITC Survey if:

· they were aged 18 years or over;

· they had smoked a lifetime total of 100 or more cigarettes  (i.e. the NZHS data item A3_19 was equal to 1 and either A3_20b or A3_20c was equal to 1);

· they smoked at least once a month at the time of the NZHS interview (A3_21 equal to 2, 3 or 4);

All inscope NZHS respondents who agreed to be recontacted (AR_4=1) were selected in the ITC sample.
All eligible NZHS respondents who met the eligibility requirement were selected in the ITC sample. Of the 12,488 NZHS respondents, 2869 were in scope for ITC. Of these, 2441 agreed to be recontacted, and of these 1376 people responded fully to ITC.

If all 2869 in-scope NZHS respondents had responded to ITC, the NZHS weight for these people could have been used as the weight on the ITC file also. This is because the probability of selection in ITC is the same as the probability of selection in NZHS, for eligible persons. However, only 1376 of the potential respondents actually responded fully to ITC. Weights are therefore needed to reflect the fact that the responding ITC sample is a subsample from the eligible component of the NZHS sample.
The ITC sample is said to be a two-phase sample, where the first phase consists of the NZHS sample and the second phase sample is the subset of this sample who also responded to ITC. The aim is to produce ITC weights which reflect both the first phase sampling process (i.e. the NZHS sample design), and the fact that the ITC responding sample may differ from the eligible NZHS sample.
Two-phase calibrated weighting was used. This means that

the sum of the ITC weight over the ITC sample in a category (for example Māori people in a region)

was equal to
the sum of the NZHS weight over in-scope NZHS respondents in the category.
Subject to this constraint, the ITC weights were required to be as close as possible to the NZHS weights, according to a distance measure. This method of weighting is called two-phase calibrated weighting and is the most common approach used in weighting surveys of this type. A number of distance measures are in common use. We used the chi-square distance function, which corresponds to generalized regression estimation (see case 1 in Deville and Sarndal, 1992, p.378).

The categories used for weighting should:

· reflect important output classifications;

· include factors related to people’s propensity to respond to the survey; or

· be related to variables of interest collected in ITC.

Categories should not be too extensive, and should not be so finely classified that there are small sample counts in some cells. Otherwise the resulting weights will be more variable, and will result in increased standard errors for some or all weighted statistics produced from ITC.

The categories selected were:

· Region (4 regions were used, consisting of the following DHBs:
                Northern Region: Northland, Auckland, Waitemata, Counties-Manakau;
                Midland Region:   Bay of Plenty, Lakes, Tairawhiti, Taranaki, Waikato;
                Lower North Island: Hawkes Bay, Midcentral, Wanganui, Wairarapa,
                                                  Capital & Coast, Hutt Valley;
                South Island:            Nelson-Marlborough, Canterbury, West Coast,
                                                 South Canterbury, Otago, Southland.

· Region by Māori (total response ethnic group output);

· Gender by Age (6 categories: 18-24, 25-34, 35-44, 45-54, 55-64, 65 and over);

· Gender by Age (5 categories: 18-24, 25-34, 35-44, 45-54, 55 and over) by Māori;

· Age (5 categories: 18-24, 25-34, 35-44, 45-54, 55 and over) by Pacific;

· Gender by Pacific;

· 2006 NZ Deprivation index decile (10 categories);

· How often does the respondent now smoke (item A3_21 from the NZHS: 3 categories);

· Quitting Intention (item A3_25 from the NZHS: 4 categories).

Table 1 shows the properties of the initial weight, given by the inverse of the probability of selection in the NZHS sample, and the final calibrated weight. Some observations on this table:
· The mean calibrated weight is roughly double the mean of the initial weights. This is because about half of the inscope respondents identified in the NZHS resulted in a complete ITC interview.
· The coefficients of variation of the initial and final weights are 84.9% and 89.9%, respectively. The latter is higher because including more benchmarks in weighting generally results in more variable weights. If too many benchmarks are used, the final weights can be unacceptably variable, but this has not occurred in the ITC weights.

· The final weights were constrained to be less than or equal to 2500. In 6 records the weights were set to this value.
· The distribution of the final weights looks to be reasonable, without excessive variability, or too many weights set to the maximum value.

Table 1: Properties of Initial Inverse Selection Probability Weights and Final Calibrated Weights for ITC 
	
	Initial Weights
	Final Calibrated Weights

	Mean Weight
	214.2
	428.2

	Coefficient of Variation (%) of Weights
	84.9
	89.9

	Minimum Weight
	13.7
	26.6

	First Quartile of Weights
	84.9
	165.3

	Median Weight
	160.0
	311.4

	Upper Quartile of Weights
	295.5
	569.6

	95th Percentile of Weights
	545.6
	1162.8

	Maximum Allowed Weight
	not applicable
	2500

	Number of Weights equal to the Maximum Allowed Weight
	not applicable
	6


5
The Use of the Census Smoking Question in Weighting

The 2006 NZ Census included two questions on smoking, allowing classification of respondents as follows:
Table 2: Census Results (Aged 15 years and over) (source: www.stats.govt.nz)
	Smoking Status
	Population Count

	Regular Smoker
	597,792     

	Ex-Smoker
	637,293     

	Never Smoked Regularly
	1,653,924     

	Response Unidentifiable
	106,347     

	Not Stated
	165,015     

	Total
	3,160,371     


The category “regular smoker” should be roughly equivalent to variable A3_21 on the NZHS (and ITC) file being equal to 2. We could calculate calibrated ITC weights such that the sum of the weights of the regular smokers in ITC would equal the census number of regular smokers. This would have the effect of reducing standard errors of ITC estimates of numbers of regular smokers, although it would have little effect on the standard errors of breakdowns within the smoking population.
The major difficulty with this is that there was significant non-response to the census question. Approximately 8.6% of the population had missing values for the smoking question (the last two categories in Table 2). A sensible estimate of the proportion of regular smokers can be calculated by taking the proportion of regular smokers out of the first three rows of Table 2, giving a smoking rate of 20.7%. (This is somewhat higher than the estimated rate of 18.2% based on the NZHS dataset using variable A3_21.)
If we were to make a different assumption about the missing data in Table 2, the census smoking rates would change substantially:

· if all missing cases were assumed to be non-smokers, the smoking rate would drop to 18.9%;

· if all missing cases were assumed to be smokers, the smoking rate would increase to 27.5%.

These are extreme cases and it is unlikely that non-respondents to the census smoking question differ from the respondents to this extent. However, the census is a self-completion form, and the missing data in Table 2 is specifically missing for the smoking question. Therefore it seems likely that respondents’ decision to specifically omit the smoking question in the census is correlated to some degree with their smoking behaviour.
In contrast, there was virtually no item non-response for variable A3_21 in the NZHS (<1%, apart from those who had already indicated that they had smoked less than 100 cigarettes to date). There was approximately 30% non-response to the NZHS, but this was non-response to the whole survey, and in almost all cases of non-response the interview did not even commence. It therefore seems that non-response would be less related to smoking behaviour in the NZHS than in the Census. Moreover reporting errors would be expected to be less in a face-to-face interviewer survey than in a self-completion surveys. Also, the use of computer-assisted interviewing in the NZHS means that any inconsistencies in the series of questions about smoking would be instantly identified and queried with the respondent, further reducing the possibility of reporting error.
Based on this, the NZHS and ITC measures of regular smoking would be expected to be superior to the Census measure in some although not all respects. Therefore it is recommended that the NZHS and ITC should produce an independent measure of smoking rate, which is not forced to agree exactly with the census measure.
Other issues affecting the decision whether to use the census smoking question include:
· The census benchmark can be broken down by other classifications as it is not subject to sampling error. Using this benchmark in weighting would greatly reduce the standard errors of ITC estimates of the number of regular smokers broken down by other classifications. However there would be no benefit for the standard errors of breakdowns within the smoking population.
· The census and survey scopes are not identical.
· Census counts of regular smokers have not been adjusted for undercount. Births, deaths and migration between the Census and the survey have also not been adjusted for. A crude adjustment could be made by assuming that the smoking rate is unchanged by these adjustments. A more sophisticated calculation of benchmarks would disaggregate the smoking rate by age and sex and make use of Statistics New Zealand population estimates by age and sex for the relevant time period.
· The proposed ITC weighting method means that ITC weighted counts will be identical to NZHS counts for key classifications including Māori and Pacific, age and sex, region, smoking frequency and quitting intentions. This consistency would be lost if ITC weights were based on the census smoking question.
6
Response Rates

Three definitions of the response rate capture different dimensions of response to ITC:

1) In evaluating ITC operations specifically, the response rate conditional on agreeing to be recontacted for the ITC is the appropriate measure. This can be estimated by dividing 1376 into 2441, giving 56.4%.


2) A second measure of response rate is the response rate conditional on being an NZHS respondent who is in-scope for ITC. A crude estimate of this response rate of 48.0% is given by dividing 1376 into 2866 (there were 3 smokers in the NZHS sample who were excluded from the denominator for various reasons eg, they required language assistance for interviewing, or did not provide name and address details). 

3) The most relevant measure in considering the quality of ITC statistics is perhaps the combined ITC response rate, i.e. the proportion of inscope people selected for the NZHS who provide complete data to the ITC. This can be estimated by the response rate of ITC conditional on responding to the NZHS, multiplied by the NZHS response rate. This gives a combined response rate of 32.6% (obtained by multiplying 48.0% by 67.9%).

All three response rate estimates are underestimates, because they do not reflect that some people may have moved from in-scope to out-of-scope of ITC between the NZHS interview and the ITC interview. However this is not thought to be a substantial issue.
Several NZHS variables (smoking frequency and quitting intention), and NZ deprivation decile, were used to weight the ITC back to the NZHS. Age, sex, region and ethnicity benchmarks were also used. The use of weighting would be expected to reduce bias due to ITC non-response to some extent.
7
Weighting of Future Waves of ITC
There will be subsequent waves of the ITC using the same sample as Wave 1. There is expected to be attrition and non-response for future waves, so that a new set of weights will be required for each wave. In each case the target population for weighting will be the in-scope population at the time of the NZ Health Survey. The weighting method used will be similar to the method used for Wave 1.
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