[bookmark: _Ref517385184]Appendix A	Sample design
[Below is an example of a MICS sample design. This example assumes that there are 4 regions in the country, that a sub-sample of households was selected for individual men’s interviews, and that no over-sampling of households with under-five children was done. Replace regions with governorates, provinces, or districts if necessary and add additional detail where necessary]
The major features of the sample design are described in this appendix. Sample design features include defining the sampling frame, target sample size, sample allocation, listing in sample clusters, choice of domains, sampling stages, stratification, and the calculation of sample weights.
The primary objective of the sample design for the Survey name MICS was to produce statistically reliable estimates of most indicators, at the national level, for urban and rural areas, and for the four regions of the country: Name the regions of the country. Urban and rural areas in each of the four regions were defined as the sampling strata. In designing the sample for the Survey name MICS, it was useful to review the sample design and results of the MICS conducted in 2012, documented in the Final Report of that survey.
A multi-stage, stratified cluster sampling approach was used for the selection of the survey sample. The sampling frame was based on the 2015 Country Census of Population and Housing. The primary sampling units (PSUs) selected at the first stage were the enumeration areas (EAs) defined for the census enumeration. A listing of households was conducted in each sample EA, and a sample of households was selected at the second stage. This is a type of probability sample, in which each household and household member has a positive and known probability of selection, once the listing of households in the sample PSUs is complete, and the list of household members in each interviewed sample household is complete. With probability sampling, it is possible to make valid inferences to the population or any subgroup of the population, through weighting the data by the inverse of the overall probabilities of selection.
A.1 Sample size and sample allocation
Since the overall sample size for the Survey name MICS partly depends on the geographic domains of analysis that are defined for the survey tables, the distribution of EAs and households in the Country from the 2015 Census sampling frame was first examined by region, urban and rural strata, shown in Table SD.1.
	Table SD.1: Distribution of Enumeration Areas and households in sampling frame

	Distribution of EAs and households, by region, urban and rural strata, Census 2015

	
	Number of EAs
	
	Number of Households (2015 Census)

	
	Total
	Urban
	Rural
	
	Total
	Urban
	Rural

	
	
	
	
	
	
	
	

	Total
	4,659
	2,543
	2,115
	
	473,244
	280,402
	192,842

	
	
	
	
	
	
	
	 

	Region
	
	
	
	
	
	
	 

	West
	2,474
	1,851
	623
	
	262,839
	203,625
	59,215

	South
	941
	385
	556
	
	90,469
	40,466
	50,003

	North
	407
	206
	201
	
	45,772
	24,677
	21,095

	East
	837
	101
	736
	 
	74,164
	11,634
	62,529



The overall sample size for the Survey name MICS was calculated as 6,000 households. For the calculation of the sample size, the key indicator used was the underweight prevalence among children age 0-4 years. Since the survey results are tabulated at the regional level, it was necessary to determine the minimum sample size for each region. The following formula was used to estimate the required sample size for this indicator:
,
where:
n =	the required sample size, expressed as number of households
4 =	a factor to achieve the 95 percent level of confidence
r =	the predicted or anticipated value of the indicator, expressed in the form of a proportion
deff =	the design effect for the indicator, estimated from a previous survey or using a default value of 1.5
RME =	the relative margin of error of r to be tolerated at the 95 percent level of confidence; it is generally not more that 0.12 (12 percent) for national-level estimates
pb =	the proportion of the total population upon which the indicator, r, is based
AveSize =	the average household size (mean number of persons per household)
RR =	the predicted response rate
For the calculation, r (underweight prevalence) was assumed to be 25 percent based on the national estimate from the MICS 2012. The value of deff (design effect) was taken as 1.8 based on the estimate from the MICS 2012, pb (percentage of children age 0-4 years in the total population) was taken as 13 percent, AveSize (mean household size) was taken as 5.2 households, and the response rate was assumed to be 95 percent, based on experience from the MICS 2012. Although an RME of 12% is needed for the national-level estimates, for the regional-level estimates it was sufficient to use an RME of 15% (that is, a margin of error of 0.15 r). The resulting number of sample households from this exercise was 1,495, rounded to 1,500, which is the sample size needed in each region. Therefore, the total sample size at the national level was 6,000 households. 
Explain here if multiple exercises were carried out to determine sample size – e.g. use of more than one indicator.
The number of households selected per cluster for the Survey name MICS was determined as 20 households, based on several considerations, including the design effect, the budget available, and the time that would be needed per team to complete one cluster. Dividing the total number of households by the number of sample households per cluster, it was calculated that 75 sample clusters would need to be selected in each region.
Equal allocation of the total sample size to the four regions was used. Therefore, 75 clusters were allocated to each region, with the final sample size calculated as 6,000 households (75 clusters * 4 regions * 20 sample households per cluster). In each region, the clusters (primary sampling units) were distributed to the urban and rural strata proportionally to the number of households in the census frame for each stratum within that region. Table SD.2 shows the allocation of the clusters and households to the sampling strata.


	Table SD.2: Sample allocation

	Allocation of sample clusters (EAs) and sample households to sampling strata, Survey name MICS

	
	Sample Clusters
	
	Sample Households

	
	Total
	Urban
	Rural
	
	Total
	Urban
	Rural

	
	
	
	
	
	
	
	

	Total
	300
	138
	162
	
	6,000
	2,760
	3,240

	
	
	
	
	
	
	
	

	Region
	
	
	
	
	
	
	

	West
	75
	57
	18
	
	1,500
	1,140
	360

	South
	75
	32
	43
	
	1,500
	640
	860

	North
	75
	38
	37
	
	1,500
	760
	740

	East
	75
	11
	64
	
	1,500
	220
	1,280



A.2 Selection of enumeration areas (clusters)
Census enumeration areas were selected from each of the sampling strata by using systematic probability proportional to size (pps) sampling procedures, based on the number of households in each enumeration area from the 2015 Census frame. The first stage of sampling was thus completed by selecting the required number of sample EAs (specified in Table SD.2) from each of the four regions, separately for the urban and rural strata.
A.3 Listing activities
Given that there had been many changes in the households enumerated in the 2015 Census, a new listing of households was conducted in all the sample enumeration areas prior to the selection of households. For this purpose, listing teams were trained to visit all the selected enumeration areas and list all households in each enumeration area. Provide information on the organisation, dates, teams, procedures of the listing exercise. Describe segmentation procedures and results if applicable.
A.4 Selection of households
[bookmark: _Ref499561403]Lists of households were prepared by the listing teams in the field for each enumeration area. The households were then sequentially numbered from 1 to Mhi (the total number of households in each enumeration area) at the NSO, where the selection of 20 households in each enumeration area was carried out using random systematic selection procedures. The MICS6 spreadsheet template for systematic random selection of households was adapted for this purpose.[footnoteRef:1] [1:  Available here: "MICS6 TOOLS." Home - UNICEF MICS. Accessed August 31, 2018. http://mics.unicef.org/tools#survey-design.] 

The survey also included a questionnaire for individual men that was to be administered in half of the sample of households. The MICS household selection template includes an option to specify the proportion of households to be selected for administering the individual questionnaire for men, and the spreadsheet automatically selected the corresponding subsample of households.1 All men age 15 to 49 years in the selected households were eligible for interview.
[Additional text for surveys using stratification of listing by households with and without children under 5 years:] The households listed in each sample cluster were divided into two strata for the second stage selection: households with children under age 5 and households without children under age 5. A separate sample of households was selected from each group, using a higher sampling rate for households with children under 5. This sampling strategy increased the number of children under 5 in the sample to increase the precision of the indicators based on under-5 children.
[To be adapted based on the country MICS sampling strategy and included only in surveys using under-5 oversampling:] Of the 20 households selected in each cluster, the target number of sample households with children under age 5 years was 8. Therefore, in sample clusters where more than 8 households with children under age 5 were listed, 8 of these households were selected using random systematic sampling; and 12 households without children under age 5 were selected from the other stratum. In sample clusters where 8 or less households with children under 5 were listed, all of these households were selected for the survey. In these clusters, the number of households without children under 5 to be selected was equal to 20 minus the number of households with children.
The Survey name MICS also included water quality testing for a subsample of households within each sample cluster. A subsample of 5 of the 20 selected households was selected in each sample cluster using random systematic sampling for conducting water quality testing, for both water in the household and at the source. The MICS household selection template includes an option to specify the number of households to be selected for the water quality testing, and the spreadsheet automatically selected the corresponding subsample of households.1
A standard quality control measure was implemented through blank testing (a test of uncontaminated water) to assess whether teams were correctly performing the water testing procedure. One blank test was assigned to each cluster, but for practical purposes relating to data capture, this was assigned to the first household number selected for water quality testing.
A.5 Calculation of sample weights
The Survey name MICS sample is not self-weighting. Essentially, by allocating equal numbers of households to each of the regions, different sampling fractions were used in each region since the number of households in the Census frame varies by region. For this reason, sample weights were calculated and used in the subsequent analyses of the survey data.
The major component of the weight is the reciprocal of the sampling fraction employed in selecting the number of sample households in that particular sampling stratum (h) and PSU (i):

The term fhi, the sampling probability for the i-th sample PSU in the h-th stratum, is the product of the probabilities of selection at every stage in each sampling stratum:

where pshi is the probability of selection of the sampling unit at stage s for the i-th sample PSU in the h-th sampling stratum. Based on the sample design, these probabilities were calculated as follows:
p1hi =	
nh =	number of sample PSUs selected in stratum h
Mhi =	number of households in the 2015 Census frame for the i-th sample PSU in stratum h
Mh =	total number of households in the 2015 Census frame for stratum h
p2hi =	proportion of the PSU listed in the i-th sample PSU in stratum h (in the case of PSUs that were segmented); for non-segmented PSUs, p2hi = 1
p3hi =	
M'hi =	number of households listed in the i-th sample PSU in stratum h

Since the number of households in each enumeration area (PSU) from the 2015 Census frame used for the first stage selection and the updated number of households in the EA from the listing are generally different, individual overall probabilities of selection for households in each sample EA (cluster) were calculated.
A final component in the calculation of sample weights takes into account the level of non-response for the household and individual interviews by stratum, as well as the sample cluster completion rate for each stratum. The adjustment for the cluster and household non-response in each stratum is equal to:

where RRh is the response rate for the sample households in stratum h, defined as the proportion of the number of interviewed households in stratum h out of the number of selected households found to be occupied during the fieldwork in stratum h.  The term n’h is the number of sample clusters with complete enumeration in stratum h, so the first adjustment factor corresponds to the inverse of the sample cluster completion rate for stratum h.  This additional adjustment factor is needed in the case where some sample clusters cannot be enumerated in some strata due to security or accessibility problems.  In the case where all the sample clusters in each stratum are enumerated, this cluster adjustment factor is equal to 1 for all strata, so it does not affect the weight.  This adjustment of the household weight based on the cluster completion rate is included in the corresponding formulas in the MICS template for calculating the weights.
Similarly, adjustment for non-response at the individual level (women, men, and under-5 children) for each stratum is equal to:

where RRqh is the response rate for the individual questionnaires in stratum h, defined as the proportion of eligible individuals (women, men, and under-5 children) in the sample households in stratum h who were successfully interviewed.
After the completion of fieldwork, response rates were calculated for each sampling stratum. These were used to adjust the sample weights calculated for each cluster. Response rates in the Survey name MICS are shown in Table SR.1.1 in this report.
The non-response adjustment factors for the individual women and under-5 questionnaires were applied to the adjusted household weights. Numbers of eligible women and under-5 children were obtained from the list of household members in the Household Questionnaire for households where interviews were completed.
The weights for the questionnaire for individual men were calculated in a similar way. In this case the number of eligible men in the list of household members in all the MICS sample households in the stratum was used as the numerator of the non-response adjustment factor, while the number of completed questionnaires for men in the stratum was obtained from the 50% subsample of households. Therefore, this adjustment factor includes an implicit subsampling weighting factor of 2 in addition to the adjustment for the non-response to the individual questionnaire for men.
In the case of the questionnaire for children age 5-17 years, in each sample household, one child was randomly selected from all the children in this age group recorded in the list of household members, in effect a tertiary sampling unit. The household weight for the children age 5-17 years is first adjusted based on the response rate for this questionnaire at the stratum level. Once this adjusted household weight is normalised as described below, it is multiplied by the number of children age 5-17 years recorded in the list of household members. Therefore, the weights for the individual children age 5-17 years will vary by sample household. This weighting of the data for the children age 5-17 years old is implemented in the tabulation programs for the corresponding tables. 
For the water quality testing (both in household and at source) a subsample of 5 households was selected from the 20 MICS sample households in each sample cluster. Therefore, the basic (unadjusted) household weight would be multiplied by the inverse of this subsampling rate as follows:

	where:
Wwqhi =	basic weight for the subsample of households selected for the water quality testing in the i-th sample EA in stratum h
Since the response rate may be different for the water quality testing for home consumption and at the source, the basic weights for each were adjusted separately for non-response at the stratum level as follows:

	where:
W’wqhi =	adjusted weight for the subsample of households selected for the water quality testing in the i-th sample EA in stratum h (separately for water quality testing in the household and at the source)
mwqh =	number of valid (occupied) sample households selected for water quality testing in stratum h
m’wqh =	number of sample households with completed water quality testing in stratum h (separately for water quality testing in the household and at the source)
As in the case of the adjustment of the raw household weights, an adjustment factor equal to the inverse of the cluster completion rate (nh/n’h) for the stratum is necessary to account for any sample clusters that could not be enumerated within a stratum.  As mentioned above, this factor is equal to 1 for any stratum for which all the sample clusters were enumerated.
The Survey name MICS full (raw) weights for the households were calculated by multiplying the inverse of the probabilities of selection by the non-response adjustment factor for each stratum. These weights were then standardised (or normalised), one purpose of which is to make the weighted sum of the interviewed sample units equal to the total sample size at the national level. Normalisation is achieved by dividing the full sample weights (adjusted for nonresponse) by the average of these weights across all households at the national level. This is performed by multiplying the sample weights by a constant factor equal to the unweighted number of households at the national level divided by the weighted total number of households (using the full sample weights adjusted for non-response). A similar standardisation procedure was followed in obtaining standardised weights for the individual women, men, under-5 questionnaires and water quality testing. Adjusted (normalised) household weights varied between lowest weight and highest weight in the 300 sample enumeration areas (clusters).
Sample weights were appended to all data sets and analyses were performed by weighting the data for households, women, men, under-5s, 5-17-year olds and water quality testing with these sample weights.
[Additional text for surveys using stratification of the listing by households with and without children under 5 years:] The last stage probability of selection in each sample EA is different for households with and without children under 5. For this reason, separate weights were calculated for each group of households in the sample EA.
[The description of the probability of selection for the households should be modified to reflect the selection of households with and without children within each cluster. For example:] Based on the stratified two-stage sample design, the probability of selection for the sample households with children under 5 within a sample EA was calculated as follows:
,

	where:
fhi(wc) =	probability of selection for the sample households with children under 5 in the 
i-th sample PSU in stratum h
nh, Mhi, Mh and p2hi are identical to the earlier definition
mhi(wc) =	number of sample households with children under 5 selected in the i-th sample PSU in stratum h
M'hi(wc) =	total number of households with children under 5 listed in the i-th sample PSU in stratum h
The corresponding overall probability of selection for the households without children was calculated as follows:

	where:
fhi(woc) =	probability of selection for the sample households without children under 5 in the i-th sample PSU in stratum h
mhi(woc) =	number of sample households without children under 5 selected in the i-th sample PSU in stratum h
M'hi(woc) =	total number of households without children under 5 listed in the i-th sample PSU in stratum h
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