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Practical Example – Calculation of representative samples of participants
This document details the rationale for the calculations used in the Excel file “Sample size example” (sheets “Sample LTRI”, “Sample COI”, “Sample YEI LTRI” and "Sample LTRI (YEI participants)"). These calculations are used to obtain a minimum sample size to be drawn in order to estimate values for certain common indicators by using simple random sampling.

Notes:
Representative samples should be drawn at the level of investment priority (IP). 
A full set of micro-data for all participants is required under each relevant IP. For the selected sampled participants, the following information is needed:
· Common output indicators on labour market status, disadvantage, and age – to allow for the selection of the correct reference population for each longer-term result indicator.
· Gender and category of region – to allow for the required breakdown in the AIR.
· Exit dates – to allow for the correct timing of data collection.

Structure of the document:
1. Review of formulae used for sampling.
2. Calculations used in the file.

1 Review of formulae used for sampling
We assume that the parameter of interest is a fraction  in a finite population of size. 
The formulae for random sampling as per Cochran (1977)[footnoteRef:1] are followed throughout. [1:  Cochran, W.G. (1977), Sampling Techniques, 3rd Ed., Wiley: New York.] 

The relevant confidence interval is assumed to be at significance level 95%, corresponding to a quantile from the normal distribution of 1.96. For any such confidence interval, we refer to
  as the “margin of error”, where  is the  proportion observed in the sample and standard error.
If  is the proportion observed in the population (i.e. the unknown value that we aim to estimate with the use of a sample), the worst case scenario () is taken in the sample size calculations[footnoteRef:2]. [2:  Since all ESF indicators are binary (i.e. a participant is either counted or not counted for the indicator), the calculations for sampling refer to a proportion. P=0.5 is used as “worst case” scenario because this estimation in the calculations provides the biggest minimum sample size and thus ensuring accuracy.] 

The formula used for the calculation of the size, by simple random sampling is: 

where:
 sample size
 population size
 margin of error.
2 Formula and calculations in the file 
2.1 Longer-term result indicators (sheet “Sample LTRI” in the Excel file)
2.1.1 Indicators and reference populations
Indicators
There are 4 common longer-term result indicators:
· participants in employment, including self-employment, six months after leaving,
· participants with an improved labour market situation six months after leaving,
· participants above 54 years of age in employment, including self-employment, six months after leaving,
· disadvantaged participants in employment, including self-employment, six months after leaving.
For all indicators, data should be reported separately for:
· men and women (labelled M and F respectively),
· each category of region (labelled MR="more developed region", TR="transition region", LR="less developed region" respectively).
This implies that – where the IP is implemented in three categories of regions - for each indicator, it is required to provide estimates for 2x3=6 data breakdowns:
· Female, Most developed region [F, MR],
· Female, Less developed region [F, LR],
· Female, Transition region [F, TR],
· Male, Most developed region [M, MR],
· Male, Less developed region [M, LR],
· Male, Transition region [M, TR].
In case of two categories of regions, the number of data breakdowns would be2x2=4; in case of one category of region: 2x1=2.
Reference populations
The reference populations vary per each indicator (i.e. data for each indicator should be collected only for participants with certain characteristics); they are detailed in the table below: 


Table 1 Reference population corresponding to each common longer-term result indicator
	Common longer-term indicators 
	Reference population [labels in column B]

	Participants in employment, including self-employment, six months after leaving
	Not in employment (unemployed or inactive participants)
[NE]

	Participants with an improved labour market situation six months after leaving
	Employed participants
[E]

	Participants above 54 years of age in employment, including self-employment, six months after leaving
	Participants above 54 years of age not in employment 
[A, NE]

	Disadvantaged participants in employment, including self-employment, six months after leaving
	Disadvantaged participants  not in employment 
[D,NE]


For example, for the indicator “disadvantaged participants in employment”, data should be collected only for participants with a disadvantage [D] who were not in employment [NE] when entering the operation.
Subpopulations
When crossing the variables for the reference population – 
· disadvantage (2 possibilities, D and ND),
· age (2 possibilities, U and A) and
· employment status (2 possibilities, E and NE) 
– with the variables required for the data breakdowns,
· gender (2) and
· category of region(3)
we obtain 2x2x2x2x3 = 48 possible different combinations (see Table 2 below). 
These 48 combinations are shown in column B (rows 4 to 51), and correspond to the strata (h).  


Table 2 – Breakdown by variables
	Variable
	Breakdown

	Disadvantage
	Disadvantaged [D]

	
	No disadvantaged [ND]

	Age
	Under 54 [U]

	
	Above 54 [A]

	Employment status
	Employed [E]

	
	Not in employment [NE]

	Gender
	Male [M]

	
	Female [F]

	Category of region
	Less developed regions [LR]

	
	More developed regions [MR]

	
	Transition regions [TR]


Calculations
The MA (or the relevant organisation) should input in column C the number of participants corresponding to each of the 48 strata (Nh).  If actual values are not available (e.g. when using the calculations in advance), targeted, planned or expected number of participants can be used.
The total population is calculated automatically in cell C52, and copied in to cell C55.
Column D (Wh) calculates the weight (the proportion) of each stratum in relation to the total population.
2.1.2 Sample size calculation for total population
The sample size for the total population is calculated in cell D55 by applying the formula of simple random sampling (see section 1).
The margin of error for this calculation is manually defined in cell K1 (by default, the margin of error is 0.02, which is 2 percentage points).
The result in D55 (i.e. the sample size calculated for the total population) is then spread over the strata using the shares Wh (column D) of the total population in column BZ labelled “prop tot”.
2.1.3 Sample size calculation for subpopulations
The margin of error for all subpopulations is manually defined in cell H1 (by default, the margin of error is 0.03).
The margin of error gives an indication on how close the estimate obtained using the sample will be from the real proportion on the whole population. The larger the margin of error, the less the probability to obtain results that are close to the true figures (that is, the figures for the whole population). Smaller margin of errors help to obtain more accurate estimates but require bigger samples. 
Note: In case the inputted margin of error exceeds 5 percentage points the Excel file will automatically issue a warning sign when the weight of any stratum exceeds 10%.[footnoteRef:3] [3:  "Estimations with a margin of error exceeding 5 percentage points are considered not sufficiently reliable if the subgroup represents more than 10 % of the population." - Monitoring and Evaluation of European Cohesion Policy, European Social Fund – Guidance document – June 2015 .] 

As explained above, for each indicator it is required to provide estimates for (maximum) six subpopulations (resulting from the combination of the gender and category of region variables).
Consider the indicator “participants in employment, including self-employment, six months after leaving” (cell E2): the first subpopulation [F, MR, NE] shown in column E is made of four strata, namely [D, F, MR, A, NE], [D, F, MR, U, NE], [ND, F, MR, A, NE] and [ND, F, MR, U, NE].  The values in column E report the size of the strata. Cell E52 gives the total of this subpopulation, and cells in column F report the shares of each stratum in this subpopulation.
Note that for this indicator, the reference population comprises only participants who were not in employment (NE). Therefore, none of the strata including participants in employment (E), strata 1‑24, are relevant (they are shaded). 
By contrast, in the case of the indicator “participants with improved labour market situation, six months after leaving” (cell W2), the reference population should not include any participant not in employment (NE) and thus strata 25-48 are shaded.
In order to ensure the appropriate precision for the subpopulation [F, MR, NE] for the indicator “participants in employment, including self-employment, six months after leaving”, we apply in cell G52 the formula for simple random sampling (see section 1) for the subpopulation total size (E52).  
In the example given, the total subpopulation is 26,328. If  is chosen, the sample size is
. If  instead, the sample size is.
This total number of observations is then spread over the relevant strata that make up this subpopulation in column G (in this case, four strata), by using the shares in column F.
The same procedure for the remaining five subpopulations of the indicator “participants in employment, including self-employment, six months after leaving” is applied (columns H&J, K&M, N&P, Q&S and T&V).
Calculations follow the same rationale for the other common longer-term result indicators.
2.1.4 Ensuring appropriate precision for all subpopulations
The calculations above imply a minimal sample size for each stratum that varies by subpopulation. 
Column BY (rows 4 to 51) selects the maximum sample size across columns, i.e. across subpopulation and indicators within each stratum. This guarantees the chosen margin of error for all subpopulations and indicators is used[footnoteRef:4].  [4:  Note that this example is designed so that the same margin of error applies for all subpopulations in all indicators. It can be modified if different margin of errors are to be applied across the different subpopulations.] 

For example, for the strata 28 [D, F, LR, U, NE], minimum sample sizes are calculated for the subpopulations for the indicators “participants in employment“ (684 participants when using  for the subpopulations) and “disadvantaged participants in employment” (975 participants when using  for the subpopulations).  In addition, the minimum number of participants to be selected for this stratum according to the calculation of the sample size for the total population, in column BZ, “prop tot” might also be different (251 when using  for the total population). In order to ensure that the margin of error is applied for all these calculations, the maximum population obtained should be taken (i.e. 975 participants when using  for subpopulations and  for the total population calculation).
2.1.5 Total sample size calculation: all subpopulations and total population
Comparing column BY (size of each stratum for the subpopulations) and column BZ (size of each stratum for total population), the results for each stratum in general differ, as the requirements for subpopulations and the total population may imply different sample sizes. 
Column CA considers the maximum value between column BY (for the subpopulations) and column BZ (for total population), and hence gives the minimum sample size for each stratum that guarantees both the given precision for the subpopulations and for the total population.
The total minimum sample size is therefore, calculated by summing the minimum sample sizes for each stratum, and is given in cell CA52.[footnoteRef:5] [5:  Note that in order to calculate the population estimate (P), the weighted average for each stratum (Wh) should be used.] 

2.2 Common output indicators (sheet “Sample COI” in the Excel file)
2.2.1 Indicators and reference populations
Indicators
There are two common output indicators for which representative samples may be used:
· homeless or affected by housing exclusion,
· from rural areas.
For each indicator, data should be reported separately for:
· men and women (labelled M and F respectively),
· each category of region (labelled MR="more developed region", TR="transition region", LR="less developed region" respectively).
This implies that for each indicator, it is required to provide estimates for maximum 2x3=6 subpopulations:
· Female, Most developed region [F, MR],
· Female, Less developed region [F, LR],
· Female, Transition region [F, TR],
· Male, Most developed region [M, MR],
· Male, Less developed region [M, LR],
· Male, Transition region [M, TR].
In case of two categories of regions, the number of subpopulations would be2x2=4; in case of one category of region: 2x1=2.
Reference populations
The reference population consists of all participants entering the operation in the given period of time.
Subpopulations
In the absence of different reference populations, subpopulations and strata are coincident for the two common output indicators. Thus, there are maximum 2x3=6 subpopulations (each of them comprised of one stratum with all participants).
Calculations
The MA (or the relevant organisation) should input in column C the number of participants corresponding to each of the six strata (Nh). 
The total population is calculated automatically in cell C10, and also copied in to cell C13.
Column D (Wh) calculates the weight (the proportion) of each stratum in relation to the total population.
2.2.2 Sample size calculation for total population
The sample size for the total population is calculated in cell D13 by applying the formula of simple random sampling (see section 1).
The margin of error for this calculation is manually defined in cell K1 (by default the margin of error is 0.02, which is 2 percentage points).
This total number of observations is then spread over the strata using the shares Wh (column D) of the total population in column F labelled “prop tot”.
2.2.3 Sample size calculation for subpopulations
The margin of error for all subpopulations is defined in cell H1 (by default the margin of error is 0.03).
Note: In case the inputted margin of error exceeds 5 percentage points the Excel file will automatically issue a warning sign when the weight of any stratum exceeds 10%.
As explained above, for the two indicators it is required to provide estimates for six subpopulations (resulting from the combination of the gender and category of region variables).
In order to ensure appropriate precision for each subpopulation, we apply in column E (rows 4-9) the formula on simple random sampling (see section 1) for the subpopulation total size.  
2.2.4 Total sample size calculation: all subpopulations and total population
Comparing column E (size of each stratum for the subpopulations) and column F (size of each stratum for total population), the results for each stratum in general differ, as the requirements for subpopulations and the total population may imply different sample sizes. 
Column G considers the maximum value between column E (for the subpopulations) and column F (for total population), and hence gives the minimum sample size for each stratum that guarantees both the given precision for the subpopulations and for the total population.
The total minimum sample size is therefore, calculated by summing the minimum sample sizes for each stratum, and is given in cell G10.[footnoteRef:6] [6:  Note that in order to calculate the population estimate (P), the weighted average for each stratum (Wh) should be used.] 

2.3 YEI longer-term indicators (sheet “Sample YEI” in the Excel file) 
2.3.1 Indicators and reference populations
Indicators
There are three YEI common longer-term result indicators for which representative samples may be used:
· In continued education, training programmes leading to a qualification, an apprenticeship or a traineeship six months after leaving,
· In employment six months after leaving,
· In self-employment six months after leaving.
For each indicator, data should be reported separately for:
· men and women (labelled M and F respectively).
This implies that for each indicator, it is required to provide estimates for 2 subpopulations[footnoteRef:7]. [7:  Data on YEI indicators do not need to be broken down by category of region.] 

Reference populations
The reference population consists of all participants who entered YEI operations leaving in a given period of time. 
Subpopulations
In the absence of different reference populations, subpopulations and strata are coincident for the three YEI longer-term result indicators. There are only 2 subpopulations, each of them comprised of one stratum with all participants.
Note: Calculation of sample size using stratification by age group has been added (see columns M to W) to be used, optionally, for YEI IPs covering participants 25-29 years old.
Calculations
The MA (or the relevant organisation) should input in column C the number of participants broken down by gender (Nh). 
The total population is calculated automatically in cell C6, and also copied in to cell C9.
Column D (Wh) calculates the weight (the proportion) of each stratum in relation to the total population.
2.3.2 Sample size calculation for total population
The sample size for the total population is calculated in cell D9 by applying the formula of simple random sampling (see section 1).
The margin of error for this calculation is manually defined in cell K1 (by default the margin of error is 0.02, which is 2 percentage points).
This total number of observations is then spread over the strata using the shares Wh (column D) of the total population in column F labelled “prop tot”.
2.3.3 Sample size calculation for subpopulations
The margin of error for all subpopulations is defined in cell H1 (by default the margin of error is 0.03).
Note: In case the inputted margin of error exceeds 5 percentage points the Excel file will automatically issue a warning sign when the weight of any stratum exceeds 10%.
As explained above, for the YEI common longer-term result indicators it is required only to provide estimates for 2 subpopulations (by gender).
In order to ensure appropriate precision for each subpopulation, we apply in column E (rows 4 and 5) the formula on simple random sampling (see section 1) for the subpopulation total size.  
2.3.4 Total sample size calculation: all subpopulations and total population
Comparing column E (size of each stratum for the subpopulations) and column F (size of each stratum for total population), the results for each stratum in general differ, as the requirements for subpopulations and the total population may imply different sample sizes. 
Column G considers the maximum value between column E (for the subpopulations) and column F (for total population), and hence gives the minimum sample size for each stratum that guarantees both the given precision for the subpopulations and for the total population.
The total minimum sample size is therefore, calculated by summing the minimum sample sizes for each stratum, and is given in cell G6.[footnoteRef:8] [8:  Note that in order to calculate the population estimate (P), the weighted average for each stratum (Wh) should be used.] 

2.4 ESF longer-term result indicators in a YEI IP (sheet "Sample LTRI (YEI participants)" in the Excel file)
ESF longer-term result indicators are also to be reported in YEI IPs. For the calculation of the sample size of those indicators, the same steps can be followed as described in section 2.1. However, since different categories of regions are not applied in the YEI, and all participants are not in employment (NE), some of the breakdowns and subpopulations are irrelevant. The additional sheet "Sample LTRI (YEI participants)" has been included among the examples to adapt the calculations of the sheet "Sample LTRI" to a YEI IP
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