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1. INTRODUCTION 

A representative sampling procedure can be performed on a population of units with sufficient similar 

external characteristics (e.g. size, colour). Different sampling approaches, i.e. arbitrary or statistical, may 

be applied.1 Sampling strategies for appropriate sample size calculation may be supported by 

computerized tools.  

 

The first version of Excel based “ENFSI DWG Calculator for Qualitative Sampling of seized drugs” 

(from here on: “ENFSI Sampling Calculator”) has been published in 2003 and validated2 in 2009. The 

calculator offers applications using Hypergeometric, Bayesian or Binomial based functions for sample 

size calculations. Further it provides a calculation for the Estimation of weight or the Estimation of 

number of tablets in bigger or multi package seizures. 

 

The “ENFSI Sampling Calculator” found good acceptance in the forensic community and has been used 

almost worldwide. However, from the users DWG received suggestions for improvement, especially on 

the hypergeometric tool. The arguments are described in Chapter 3. Therefore, DWG decided to improve 

this tool and make it more user-friendly. 

 

This document presents the new version (2012) of the hypergeometric tool. It briefly explains the 

background of the calculation and reports the validation of the adjusted tool.  

 

The “ENFSI Sampling Calculator” was updated with the new hypergeometric tool (version 2012), while 

other calculations (i. e. Bayesian, binominal, etc…) remained unchanged. The validation report on the 

unchanged calculations is also available in the document “Validation of the guidelines on representative 

sampling”.3  

 

 

We like to thank all who contributed basically to the improvement of the software and its validation: 

 

Dr. Sonja Klemenc (National Forensic Laboratory, Slovenia). Without her steering, coordinating and 

leading effort combined with her great enthusiasm in improving the calculator and its validation, this 

project could not be realized. 

 

Tomislav Houra, Dr. Maja Jelena Petek and Dr. Ines Gmajnički (Forensic Science Centre, Croatia) 

We acknowledge their contribution and support in the checkings of the draft document and software. 
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Dr. Laurence Dujourdy (Ministere de l'Interieur, Institut National de Police Scientifique, France) for 

comments and corrections of draft document. 

 

Dr. Angeline Yap Tiong Whei (Health Sciences Authority, Singapore) influenced the project essentially. 

Her valuable and constructive suggestions helped to make the calculator more userfriendly and fit for 

purpose. 

 

Dr. Cheang Wai Kwong (National Institute of Education, Singapore). His tremendous, in depth review 

and comments to the draft document and hypergeometric part of software ensured the quality and validity 

of the calculator. 

 

John Gerlits (Utah Bureau Of Forensic Services, USA) With his profound mathematical and analytical 

skills he tested the software and suggested many helpful hints and practical solutions for calculation 

improvement and flexibility of the calculator. 

 

Dr. Michael Bovens 

ENFSI DWG Chairman 2007-2012 

 

 

Drugs Working Group Hypergeometric Sampling Subcommittee wishes to thank also to:  

 

Dr. Michael Bovens (Forensic Science Institute Zurich, Switzerland) for his multi-level support and 

always helping hand, critical reviews, corrections and valuable suggestions, which made the final version 

of this document and calculator better. 

 

 Dr. Sonja Klemenc 
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2. DEFINITIONS 

Some definitions and labels as applied in this document: 

N population size – number of similar samples  

K threshold number of positives (drugs) guaranteed in the population 

k = K/N       threshold proportion of positives (drugs) guaranteed in the population  

n sample size (n) – number of samples to be analyzed 

x  the value of number of positives in the sample 

r  = n − x         the value of the number of negatives in the sample 

H0 null hypothesis 

H1 hypothesis alternative (opposite) to H0 

Ni number of positives in the population (note:Ni is the integer lower than K if H0 is true) 

M0 highest integer lower than K at which H0 is tested 

α probability of rejecting H0 when H0 is true, i.e., α = P(Type I error) 

1- α probability of accepting H0 when H0 is true 

TRUNC excel function - cutting the decimals off (for example: TRUNC (18.9) =18), equals to 

ROUNDDOWN to zero decimals 

ROUNDUP excel function - rounding number up (for example: RoundUp (to zero decimals)  

10.1 =11)  

Other as defined in text. 

 

3. WHY NEW VERSION OF THE HYPERGEOMETRIC TOOL 

Forensic laboratories working with statistical sampling for qualitative analysis usually set a minimum 

requirement of the expected proportion (k) or number (K) positives in population (N) and confidence 

level (1- α). Therefore the resulting/calculated sample size n (number of samples for analysis) has to be as 

such that laboratory requirements on number/proportion of positives are met exactly or are slightly 

higher. The software should ‘guarantee’ this. 

 

The new version of the tool replaces the hypergeometric part of the “ENFSI Sampling Calculator” from 

2009 which did not fulfill requirement stated above, as in some situations sample sizes were under 

estimated. In the new version error from the previous one is corrected. Beside this, two types of 

hypergeometric calculations are offered now: Hypg_Proportion is based on threshold proportion of 

positives k specified by the laboratory, while Hypg_Number is based on the number of expected positives 

K specified.  
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In summary, the background of the new hypergeometric calculation is as follows: By testing H0 at M0 = K 

– 1 if K (an integer) is specified, or at M0 = RoundUp (K) – 1 if k is specified (K = k×N,  need not to be an 

integer), the calculation will theoretically (see explanations in the following  sections) give a sample size 

that guarantees  “at least k proportion/ K number of positives in population”, at a confidence level of at 

least 1 – α. 

 

Some new fields with ‘back’ calculations (actual proportion of positives for calculated sample size, 

confidence level) were added and the graphical presentation has been improved. See more in chapter 7.  

4. THEORYb 

The purpose of sampling is to find the lowest sample size n such that minimum laboratory requirements 

on number or proportion of positives are met exactly or are slightly higher (see above - chapter 3). 

 

Guaranteeing with (1-α)100% confidence that at least proportion k ×100% (or corresponding number K) 

of populations are drugs is the same as guaranteeing that the probability on finding only (or mostly) drugs 

in the sample will be less than α when the proportion of positives in the population is less than k (or 

number of positives less than K).  

 

Determination of the minimum required sample size (n) for at least requested proportion of positives is 

based on a test of the null hypothesis that number of positives in the population is less than K against the 

alternative hypothesis that the number of positives is at least K:1 ,4 

 

H0: Ni < K against H1 : Ni ≥ K 

 

The hypotheses are tested with the number of positives in the sample, X, as the test statistic. The null-

hypothesis is rejected when X is larger than a certain number. If this number is taken as the number of 

positives expected in the sample, x, then, n should be selected such that 

 

P(X ≥ x|N, Ni < K) ≤ α        Equation 1 
 

Intuitively, P(Reject H0 | Ni) increases as the number of positives in the population Ni increases.  

(H0 is Ni < K.) 

 

Therefore, to find the smallest sample size (n) which guarantees at least proportion of positives k we 

concentrate only on the highest possible integer (from here on labeled as M0 ) smaller than K. 
                                                      
b  Some passuses of the text were adopted from the document “Validation of the guidelines on representative sampling, DWG-
SGL-001 document, version 001, 2009”. However, generalization of the theory, equations corrections and further explanations of 
calculation were performed by the author of this document and the new version of software. 
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In other words: the null hypothesis (H0) is tested at the highest possible M0 (integer) which is lower than 

K. If H0 is rejected (H1 is accepted), then the calculated sample size n will give the smallest number of 

samples for analyses, which guarantees at least k proportion (or corresponding K) of positives in the 

population, at a confidence level at least equal or greater than (1- α). Equation 1 may be rewritten as: 

 

P(X ≥ x|N, M0 < K) ≤ α 

 

So given that M0 < K the required minimal sample size (n) is the smallest value for which P(X ≥ x|M0 < K) 

≤ α.  

When all sampled drug units are expected to contain drugs (i.e. x=n which is equivalent to r = 0), X 

follows a hypergeometric distribution: 

 

X ~ HYP(n, M0, N) 

 

Resulting in: 
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When at most one sampled drug unit is expected not to contain drugs (i.e. x≥n-1 which means that x = n-1 

or x = n are possible; hence, the number of negatives can be at most 1, i.e.: r = 0 or r = 1 are possible), X 

is distributed as a mixture of two hypergeometric random variables: 
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When at most two sampled drug units are expected not to contain drugs (i.e. x≥n-2 which means the 

number of negatives can be at most two, i.e.: r = 0 or r = 1 or r = 2 are possible), X is distributed as a 

mixture of three hypergeometric random variables: 
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Equation 4 

 

And so on for higher number of negatives at most allowed. 

 

Smallest population size is actually calculated by the consecutive use of appropriate equation above, i.e. 

cumulative hypergeometric probability is calculated (see example in chapter 10.1). 
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5. HOW TO FIND M0 (THE HIGHEST INTEGER LOWER THAN K FOR H0 TEST) IN PRACTICE 

5.1. Sampling based on the number of expected positives 

Data entered into calculation (based on # of positive samples) are: N (population size) and K (number of 

positives). The two numbers are always integers. 

5.1.1. Calculation of M0 for integer K 

 

For H0 test: M0 = K-1 is the highest integer lower than K (which is integer too). See Figure 1. 

 

 

 

 

Integer K  H0 test at M0=K-1 

H0: M0=K-1 K 

Δ =1 

 

Figure 1: Integers K – how to find the highest integer lower than K (for H0 test) 

5.1.2. Sample size and corresponding actual proportion of positives 

If H0 is rejected, H1 is accepted and calculated sample size n will correspond to proportion of positives k= 

K/N, which match requested proportion exactly.  

5.2. Sampling strategy based on the predefined proportion (k) of expected 

positives  

5.2.1. Calculating of M0 for integers or non integers K 

If the sampling strategy is based on defined minimum proportion of positives k the number of expected 

positives is calculated as:  

 

NkK ×=  

and can result in integer or non integer K. See example in the table below. 
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Table 1: Example – calculated K for k=0.90 and different population sizes (N) 

Population size 
N 

Calculated number of 
expected positives 

K = k x N 

Population size 
N 

Calculated number of 
expected positives 

K = k x N 
10 9.0 1050 945.0 

11 9,9 1051 945.9 

12 10,8 1052 946.8 

13 11,7 1053 947.7 

14 12,6 1054 948.6 

15 13,5 1055 949.5 

16 14,4 1056 950.4 

17 15,3 1057 951.3 

18 16,2 1058 952.2 

19 17,1 1059 953.1 

20 18.0 1060 954.0 

21 18.9 1061 954.9 

22 19.8 1062 955.8 

23 20.7 1063 956.7 

 

If we follow the theory, for H0 test, we will find the highest integer M0 lower than K as shown in the table 

below (Table 2). 

 
Table 2: Formulas for M0 calculation  

Description calculation M0 (formula) 

 
Integer K (as described in 5.1) 
 

M0 = K-1 

 
Non integer K: (see Figure 2) 
 
 

M0 = Trunc (K) = RoundUp (K)-1 

 

For non integer numbers the highest integer lower than K is actually truncated K. The same value can be 
obtained by rounding K up to the nearest higher integer and subtracting 1 (see Figure 2). 
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M0 for non integers K & Trunc and Roundup  

K = Integer numbers 

= non integer numbers 

 
H0 is tested at a number of positives M0=TRUNC(K) = ROUNDUP(K) -1 (red marked integer) since this is the highest 
possible integer (M0) lower than K (red line). If H0 is rejected, the actual proportion of positives which calculated sample 
size n guarantees is equal k`= (ROUNDUP(K))/ N, where N is the population size. The actual proportion of positives will 
be above our request k which corresponds to the number of samples K (non integer). 

for H0 test 

M0= 
TRUNC (K) = 

ROUNDUP K 

K+1 

Δ =1 

K-1 

Figure 2: Non integers K – how to find the highest integer lower than K (for H0 test) 

 
Table 3: Example - How to find M0 (the highest integer < K) for integers and non integers K? 

EXAMPLE: How to find M0 (highest integer < K) for integers and non integers K 

Parameters defined by laboratory 

(constant, regardless of population size received) : 

 - proportion of positives k =  0.90    

 - confidence level 1-α = 0.95    

 - number of negatives r =0    

Case work 

(material as received into the  lab): 

 Case A: population size A NA = 20   

 Case B: population size B NB = 21   

Calculations K and M0 

label K= k x N M0 equation applied 

Case A 18.0 17 M0=K-1 

Case B 18.9 18 M0= TRUNC(K) =RoundUp(K)-1 

 

In general, to calculate the sample size (n), we have first to calculate K (number of expected positives 

corresponding to proportion k) and then M0 where we test the H0.  
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After K and M0 are determined we can calculate the lowest sample size n (which guarantees at least k 

proportion of positives) with the consecutive use of Equation 2 or Equation 3 or Equation 4 (dependent on 

the number of negatives at most allowed). Cumulative hypergeometric probability is calculated by 

increasing n, until actual confidence level ≥ laboratory request is fulfilled or at maximum to n = N. See 

calculations by hand in chapter 10.1. 

5.2.2. Calculated sample size and actual proportion of positives 

For integer Ks requested and calculated proportion of positives match exactly (see 5.1.2). 

 

For non integer Ks: non integer parts of K are kind of “chameleons”. As samples in reality are integers, 

the laboratory has to decide what to do with “chameleons”. By “promoting” them (i.e. rounding up) to the 

nearest higher integer, the original laboratory request on proportion of positives (k) will be pushed to a bit 

higher level (k`), i.e. above request. In such case the laboratory can describe its general sampling strategy 

as: “The analyzed sample size guarantees at least k proportion of positives in the population”.  

 

So, for at least, chameleons are first promoted, then H0 is tested at M0 = Trunc (K) = RoundUp (K) -1, 

and if rejected, the calculated sample size (n) will guarantee the proportion of positives a bit higher than 

requested (k`> k). Calculations of the actual proportion are shown in the table below.  

 

Table 4: Actual proportion of positives 

description calculation 

 Actual proportion of positives for non integers K 

(always slightly above requested k) 
k` = RoundUp (K)/N 

 Actual proportion of positives for integers K 

(always match requested proportion exactly) 
k = K/N 

 

Opposite, if the laboratory (or software) degrades the “chameleon” to the nearest lower integer by 

truncating K and then test H0 at Ni = Trunc (K) -1 (which is always lower than M0), the general sampling 

strategy will fit for at most requested proportion (which might not be a very useful statement for the 

court). 
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6. SOFTWARE: GENERAL EXPLANATION 

6.1. EXCEL hypergeometric function - basic 

EXCEL hypergeometric function has four arguments and is defined as: 

 

HYPGEOMDIST (A, B, C, D), 

 

where C stands for the number of positives M0 as taken into account for the null hypothesis test (H0 test). 

Label A is the number of successes in sample, B stands for the sample size and D for the population size.  

 

One should be aware that HYPGEOMDIST function is discrete, which means, that it processes only 

INTEGER (WHOLE) numbers.  

 

Hence, if the argument C is not integer (this may happen if the calculation is based on the proportion of 

positives and the product between kxN is not integer) it will be transformed to integer by software default 

function (truncating = cutting decimals off) or along our instructions (for example Round UP). Rounding or 

truncating has no effect on integers. 

6.2. Calculation based on number of positives 

All numbers for calculation are integers so M0=K-1 is integer and sample size is calculated along: 

 

HYPGEOMDIST (A, B, K-1, D), 

6.3. Calculations based on proportion k of positives: Trunc or RoundUp? 

Actually both functions may be applied. The difference is: if we apply Trunc (excel hypergeometric default) 

we will need two different equations for the sample size calculation: one for integers K and a different one 

for non integers. If we apply RoundUp one equation fits for all situations.  

6.3.1. Trunc function 

To refresh: K= k x N, where k is a predefined value along the laboratory sampling strategy and the 

population size is flexible (different from case to case)!  Data k and N are entered into the excel calculation 

by the user. M0 is calculated by the software from K = k x N. 

 

General form: HYPGEOMDIST(A, B, M0, D) 
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Calculation of the third hypergeometric argument and excel formula: 

 

description M0 excel hypergeometric function 

Integers K*: M0 = K-1 = Trunc (K)-1 HYPGEOMDIST (A, B, Trunc (K) - 1, D) 

Non integers K: M0= Trunc (K) HYPGEOMDIST (A, B, Trunc (K), D) 

* truncating and rounding do not change integer numbers 

 

This means in other words: if truncating (software default) is applied, then the TEST ON INTEGERS shall 

be included into the calculation. Such test will instruct the software to do the following: 

 

 

 

 

 

 
 

 

 

 

 

 

 

 

 

Figure 3: Test on integers, if trunc (Excel default) is applied 

6.3.2. Round Up function 

The same effect as with the test on integers can be achieved if the software is instructed to ROUND decimals 

UP to zero decimals (this solution is more elegant and has additionally some logical background – see 

chapter 5.2.2). RoundUp(K)-1 works fine for integers (rounding actually has no effect on integers) and for 

non integers rounding up actually annuls the effect of -1 (from truncating), and the ‘at least’ requirement is 

achieved.  

 description M0 
excel hypergeometric function 

for integers and non integers 

Integers K: M0 = K-1 = RoundUp(K)-1 

Non integers K:  M0 = RoundUp(K)-1 
HYPGEOMDIST(A, B, RoundUp(K)-1, D) 

Trunc(K) = RoundUp(K)-1, see Figure 2. 

Is K = k x N 

integer ? 

calculate along formula: 
Yes  

=HYPGEOMDIST(A,B,Trunc (K) -1,D)  

 

No

calculate along formula: 

 

=HYPGEOMDIST(A,B,Trunc (K) ,D)  
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7. SOFTWARE: ENFSI 2012 HYPERGEOMETRIC TOOL FOR SAMPLE SIZE 

CALCULATION 

The Hypergeometric tool (version 2012) was originally designed and validated by the Microsoft Excel 2003 

software. Excel_2003 file was then saved as the “Excel 2007 Macro-Enabled” format (.xlsm) file and basic 

functionality of application was retested. Inconsistencies were not detected. 

. 

In the current (2012) version of “ENFSI Sampling Calculator” two types of hypergeometric sample size 

calculations are enabled: For calculations based on number of positives one will select the Hypg_Number 

tab and the Hypg_Proportion tab for calculations based on the proportion of positives. See Figure 4 and 

Figure 6 for data input and results windows. 

7.1. Data required for calculation 

Data are entered in steps 1 to 4 (cell B11 to B14). Pop-up messages (see example on Figure 5) will appear if 

the user enters values out of range and additionally some “forbidden” entries may also be shown as red 

labeled strikethrough numbers.  

7.2. Results   

Results are shown in steps 5 to 7. Numbers appear in red colour (see Figure 4 and Figure 6). The sample size 

is calculated in cell B15. Calculations of the actual proportion of positives for a calculated sample size and 

an actual confidence level, one can see in cells C12 and C14, respectively.  

7.3. Dynamic graph 

In this plot the calculated confidence level versus calculated sample size, for number of negatives from 0 to 2 

is shown. The plot range is updated automatically. If the number of negatives r is too high for the given 

criteria (N, k, CL) and the sample size does not fulfill the criteria, the curve appears as a line with CL = 0. 

See example on Figure 4 and note the line in “aqua” colour for r=2. 

7.4. Macro buttons  

 The Maximum population size (Nmax) is adjustable by the user. To keep the file size relatively small, 

Nmax = 1000 is set as default. The current value of Nmax one can see in the cell C10. A click on the 

appropriate macro button (see Figure 4) will change, i. e. extend/ reduce the population size and the file 

will be saved.  

Remark: Note that with higher values of Nmax the file size will increase significantly, calculations are 

becoming slower and the idle time for file saving and opening will increase! It is recommended to reduce 

the max. population size to the default value before you close the application. 
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 The Unhide/Hide button (only available for calculations based on proportion – see Figure 6) will open/ 

close two additional columns with side calculations (useful for better understanding of the calculation).  

 
Figure 4: Data input and results window for calculation based on the number of positives 
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Figure 5: Popup message – example (the population size over range) 

 
Figure 6: Data input and results window for calculation based on the proportion of positives 

 
Figure 7: Side calculations (column D and E) can be made visible by click on the macro button “UNHIDE” 
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7.5. Formulas applied  

The formulas used in the software (Hypg_Number tab and the Hypg_Proportion tab) are based on Equation 

2, Equation 3 and Equation 4 from chapter 4. The hypergeometric probabilities in these equations are 

calculated using the Excel function HYPGEOMDIST. 

 

Equations for calculating the sample size n are shown bellow and reffer to the row 17 of the hypergeometric 

calculations sheets. Note, that in consecutive rows of the application (i.e. row 18, row 19, etc…) relative 

parts of the cell numbering are changed.  

 

Beside the hypergeometric part of the equation (labeled in bold fonts), which has already been explained 

extensively, some additional excel logical functions (Boolean: OR, AND and conditional IF statements) were 

applied in the calculation. 

 

The first condition =IF(A17="","", is included for display purposes only and does not influence the sample 

size calculation.  

 

Functions of the other conditionals (underlined italic) are briefly explained below. 

7.5.1. Calculation based on the number positives (integers) 

 Calculation of P(Sn=0) for zero negatives (r = 0) : 

 
=IF(A17="","",IF(A17<($B$12),(HYPGEOMDIST($A17,$A17,($B$12)-1,$B$11)),0)) 

 

To see why P(Sn=0) is calculated only when A17 < $B$12 (n < K), note that the hypergeometric 

distribution is valid only if n-r ≤ K-1, which is equivalent to n ≤ K-1 when r = 0. 

 

To see why the condition n-r ≤ K-1 is necessary, note that K-1 is the number of positives in the 

population (when H0 is true), while n-r is the number of positives in the sample. 

 

 Calculation of P(Sn=1) for at most one negative (r = 1): 
 

=IF(A17="","",IF(A17<=($B$12),HYPGEOMDIST($A17-1,$A17,($B$12)-1,$B$11))) 

 

To see why P(Sn=1) is calculated only when A17 <= $B$12 (n ≤ K), note that the condition n-r ≤ K-1 

is equivalent to n ≤ K when r = 1. 

 

 Calculation of P(Sn=2) for at most two negatives (r = 2) : 
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=IF(A17="";"";IF(OR(A17<2;B$11=B$12);"0";IF(A17<B$12+2;HYPGEOMDIST(A17-2;A17;B$12-1;B$11)))) 

 

To see why P(Sn=2) is calculated only when A17 < $B$12+2 (n < K+2), note that the condition n-r 

≤ K-1 is equivalent to n ≤ K+1 when r = 2. 

 

To see why P(Sn=2) is not calculated when $B$11 = $B$12 (N = K), note that the hypergeometric 

distribution is valid only if N-K+1 ≥ r (see  remark c), which is equivalent to K ≤ N-1 when r = 2. 

 

 Calculation of the actual proportion (k`) 

 Actual proportion of positives for calculated sample size n is calculated in cell C12.)  

 
=$B$12/$B$11, which equals K/N.  

                                                      
c note that N‐K+1 is the number of negatives in the population (when H0 is true), while r is the number of negatives in 
the sample 
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7.5.2. Calculation based on proportion  

 

The ROUNDUP function is applied for the calculation in the third hypergeometric argument (blue  part of 

formula). To see why the IF statements (underlined italic fonts ) are used, replace $B$12 in chapter 7.5.1 by 

ROUNDUP($B$11 x $B$12), i.e., replace K by ROUNDUP(N x k). 

 

 Calculation of P(Sn=0) for zero negatives (r = 0) : 

 

=IF($A17="","",IF($A17<=ROUNDUP($B$11*$B$12,0)-1, 

(HYPGEOMDIST($A17,$A17,ROUNDUP($B$11*$B$12,0)-1, $B$11)))) 

 

 Calculation of P(Sn=1) for at most one negative (r = 1): 

 

=IF($A17="","",IF($A17<=ROUNDUP($B$11*$B$12,0),  

HYPGEOMDIST($A17-1,$A17, ROUNDUP($B$11*$B$12,0)-1,$B$11))) 

 

 Calculation of P(Sn=2) for at most two negatives (r = 2) : 

 

=IF(A17="";"";IF(OR($A17<2;$B$11=ROUNDUP($B$11*$B$12;0));"0";IF($A17<=ROUNDUP($B$11*

$B$12;0)+1;HYPGEOMDIST($A17-2;$A17;ROUNDUP($B$11*$B$12;0)-1;$B$11)))) 

 

 Back calculated (actual) proportion (k`) of positives for calculated sample size n (cell C12). 

 

k`= ROUNDUP($B$11*$B$12)/$B$11, which equals ROUNDUP(K)/N. 

7.6. Restrictions – limitations 

For particular data one can see limitations by choosing  “DATA” from Excel menu bar followed by the 

command “Validation” (visible only when the sheet protection is off – see chapter 7.6.3). In setting up the 

limitations we had in mind the reasonable use of the software, i. e. the software shall cover realistic 

laboratory situations.  
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7.6.1.  Calculation based on the number of positives 

 population size N: 1≤ N≤ Nmax, where Nmax is adjustable (by macro buttons) up to 65000 

 number of positives K: 1≤ K ≤ N  

Remark: Zero positives in the population (K=0) is not allowed (as this is not a realistic laboratory 

assumption and results for such example would be wrong also due to theoretical reasons). For 

example, when K = 0, H0: M0 = -1 does not make sense, if M0< 0 mathematical expression ( )n
1−  is 

undefined. 

 max. number of negatives (r): 0, 1, 2, until the condition N-K+1≥ r is fulfilled 

To see why the condition N-K+1 ≥ r is necessary, note that N-K+1 is the number of negatives in the 

population (when H0 is true), while r is the number of negatives in the sample. 

 confidence level (CL) range: 0.0001≤ CL ≤ 0.9999 (along the survey performed in 2012 within ENFSI 

laboratories typical reported values of this parameter were: 0.95 and 0.99) 

7.6.2. Calculation based on the proportion of positives 

 population size N: 1≤ N≤ Nmax, where Nmax is adjustable (by macro buttons) up to 65000 

 proportion of positives (k): 0.0001≤ k ≤ 1  

Remark: Zero proportion of positives (k=0) is not allowed (see explanation in point 7.6.1. (along the 

survey (ENFSI 2012) typical ranges applied were between: 0.50  and  0.90). 

 max. number of negatives (r): 0, 1, 2, until condition N-RoudUp(k x N)+1≥ r is fulfilled.  

To see why the condition is necessary, note that N-RoundUp(k x N)+1 is the number of negatives in 

the population (when H0 is true). 

 confidence level (CL) range: 0.0001≤ CL ≤ 0.9999 (see remark from point 7.6.1) 

7.6.3. Protection of the software 

 

The ‘protection’ option (without a password) is enabled so that users may only enter data in specific required 

cells. This protection can be disabled if you wish to experiment/ or change the package Choose: 

Tools/Unprotect sheet. To unhide columns choose: Format/Column/Unhide. 
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8. VALIDATION OF THE HYPERGEOMETRIC SAMPLING TOOL (VERSION 2012) 

8.1. Correctness of the sample size (n) calculation when the proportion of 

positives k is specified (integer and non integer Ks) 

The validation was performed for 0, 1 or 2 negatives (at most allowed), respectively. 

8.1.1. Criteria  

 Calculated sample sizes and calculated actual confidence levels shall match when calculated by the 

software and by hand. 

 Calculated sample sizes, confidence levels and actual proportions obtained with calculations based on 

the number of samples shall match with the calculation based on proportion. 

8.1.2. Validation procedure 

 For two examples (case A and B) from Table 3 calculations were made by hand and by software and the 

results have been compared. 

CASE A: N=20; k =0.90; (1-α)≥0.95; for  r = 0, 1 and 2 K= 0.90x20= 18 (integer) 

CASE B: N=21; k =0.90; (1-α)≥0.95; for  r = 0, 1 and 2 K= 0.9x21=18.9 (non integer) 

 Results obtained by the Hypg_Proportion excel sheet were compared with the results obtained with 

Hypg_Number, on such a way that for a non integer K from example B, K was rounded up and applied 

in the calculation with the number of positives. 

8.1.3. Results 

 
Table 5: Comparison of results calculated by hand (see in appendix 10.1) versus calculation by the software (summary) 

N K=kxN RoundUp(K)-1 
n 

calculated 
by hand 

n 
calculated 

by 
software 

CL calculated 
by hand 

CL calculated 
by software Criteria fit? 

r=0, k=0.90, CL =0.95 

20 18 17 12 12 0.9509 0.9509 yes 

21 18.9 18 13 13 0.9579 0.9579 yes 

r=1, k=0.90, CL =0.95 

20 18 17 17 17 0.9544 0.9544 yes 

21 18.9 18 18 18 0.9586 0.9586 yes 

r=2, k=0.90, CL =0.95 

20 18 17 20 20 1 1 yes 

21 18.9 18 21 21 1 1 yes 
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Table 6: Comparison of results calculated with Hypg_Proportion versus calculated with Hypg_Number 

 

(hypgeom.  proportion of positives) 

k=0.90, CL=0.95 

(hypgeom.  number positives) 

CL=0.95 

N 

population size 

sample size 

n 

 

actual 

proportion 

k`  

actual CL 
K* 

requested 

Sample 

size n 

 

actual 

proportion  

actual CL 

calculated 

r=0  

N=20 12 0.90000 0.95088 18 12 0.90000 0.95088 

N=21 13 0.90476 0.95789 19 13 0.90476 0.95789 

r=1  

N=20 17 0.90000 0.95439 18 17 0.90000 0.95439 

N=21 18 0.90476 0.95865 19 18 0.90476 0.95865 

r=2 

N=20 20 0.90000 1.00000 18 20 0.90000 1.00000 

N=21 21 0.90476 1.00000 19 21 0.90476 1.00000 

*see description of validation procedure point 8.1.2. 

8.1.4. Criteria fulfilled? 

Yes. 
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8.2. Does the calculated sample size »guarantee« an 'at least' requested 

proportion of positives?  

8.2.1. Criteria 

Resulting/ calculated sample size n (number of samples for analysis) has to be such that the laboratory 

requirements on the number/ proportion of positives are met exactly or are slightly higher. 

8.2.2. Validation procedure 

Sample sizes n are calculated, for population sizes (N) from 10 to 50, at a confidence level CL= (1 – α) = 

0.95 for k =  0.90 and r =  0. Actual proportions are back calculated. Results are shown below.  

8.2.3. Results 

See Figure 8 and Table 7. 
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Figure 8: Actual proportion of positives k` for integers and non integers K. When K is an integer (note the numbers in 

blue rectangles) actual and requested proportion match exactly. For non integers K the actual proportion k` is higher 

than the requested proportion k. Note that for the given example the requested k = 0.90 (red line). 
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Table 7: Actual proportion k` of positives and actual CL for calculated sample size (for integers and non integers K) 

population 
size 
N 

number of 
positives 
requested 
K=k*N 

number positives 
for  H0 test 

M0= 
RoundUp(k*N)-1

calculated 
sample size 

n 
Actual CL actual k` = 

RoundUp(k*N)/N 

10 9 8,00 8 0,9778 0,9000 
11 9,90 9,00 9 0,9818 0,9091 
12 10,80 10,00 9 0,9545 0,9167 
13 11,70 11,00 10 0,9615 0,9231 
14 12,60 12,00 11 0,9670 0,9286 
15 13,50 13,00 12 0,9714 0,9333 
16 14,40 14,00 12 0,9500 0,9375 
17 15,30 15,00 13 0,9559 0,9412 
18 16,20 16,00 14 0,9608 0,9444 
19 17,10 17,00 15 0,9649 0,9474 
20 18 17,00 12 0,9509 0,9000 
21 18,90 18,00 13 0,9579 0,9048 
22 19,80 19,00 14 0,9636 0,9091 
23 20,70 20,00 14 0,9526 0,9130 
24 21,60 21,00 15 0,9585 0,9167 
25 22,50 22,00 16 0,9635 0,9200 
26 23,40 23,00 16 0,9538 0,9231 
27 24,30 24,00 17 0,9590 0,9259 
28 25,20 25,00 18 0,9634 0,9286 
29 26,10 26,00 18 0,9548 0,9310 
30 27 26,00 15 0,9502 0,9000 
31 27,90 27,00 16 0,9566 0,9032 
32 28,80 28,00 17 0,9620 0,9062 
33 29,70 29,00 17 0,9555 0,9091 
34 30,60 30,00 18 0,9608 0,9118 
35 31,50 31,00 18 0,9545 0,9143 
36 32,40 32,00 19 0,9596 0,9167 
37 33,30 33,00 19 0,9537 0,9189 
38 34,20 34,00 20 0,9585 0,9211 
39 35,10 35,00 20 0,9529 0,9231 
40 36 35,00 18 0,9600 0,9000 
41 36,90 36,00 18 0,9551 0,9024 
42 37,80 37,00 18 0,9500 0,9048 
43 38,70 38,00 19 0,9558 0,9070 
44 39,60 39,00 19 0,9511 0,9091 
45 40,50 40,00 20 0,9565 0,9111 
46 41,40 41,00 20 0,9520 0,9130 
47 42,30 42,00 21 0,9571 0,9149 
48 43,20 43,00 21 0,9528 0,9167 
49 44,10 44,00 22 0,9577 0,9184 
50 45 44,00 19 0,9537 0,9000 

8.2.4. Criteria fulfilled?  

Yes. 
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8.3. Calculation based on the number positives - validation 

Validated through point 8.1. 

8.4. Some additional tests 

8.4.1. Comparison of sample sizes calculated by ENFSI “hypergeometric tool” and with HyperBay 

calculator  

Values obtained by the new hypergeometric tool (Hypg_Proportion sheet) were compared by results 

obtained with “HyperBay calculator”5 (Hg1 sheet) published on SWGDRUG web pages: 

http://www.swgdrug.org/tools.htm . 

Results match. 

 
Table 8: Sample sizes calculated by ENFSI 2012 Hypg_Proportion (results agree with corresponding results obtained 

by the HyperBay calculator) 

r = 0 CL=0.95 CL=0.99 

N k=0.1 k=0.5 k=0.7 k=0.9 k=0.1 k=0.5 k=0.7 k=0.9 

10 1 3 5 8 1 4 6 9 
11 2 4 5 9 2 5 7 10 
20 1 4 6 12 2 5 9 15 
21 2 4 7 13 2 6 9 16 
30 2 4 7 15 2 6 10 20 
31 2 4 7 16 2 6 10 21 

r = 1 CL=0.95 CL=0.99 

N k=0.1 k=0.5 k=0.7 k=0.9 k=0.1 k=0.5 k=0.7 k=0.9 

10 2 5 7 10 2 6 8 10 
11 3 6 8 11 3 7 9 11 
20 3 6 10 17 3 8 12 19 
21 3 7 10 18 4 8 12 20 
30 3 7 11 22 3 8 14 25 
31 3 7 11 23 4 9 14 26 

r = 2 CL=0.95 CL=0.99 

N k=0.1 k=0.5 k=0.7 k=0.9 k=0.1 k=0.5 k=0.7 k=0.9 

10 3 7 9 / 3 7 9 / 
11 4 7 10 / 4 8 10 / 
20 4 8 13 20 4 10 14 20 
21 4 9 13 21 5 10 15 21 
30 4 9 14 27 5 11 17 29 
31 4 9 15 28 5 11 17 30 

 

http://www.swgdrug.org/tools.htm
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8.4.2. Independant validation obtained from HSA6 

Independent validation datad, which were kindly provided to the DWG form the reviewers6 of the draft 

version of this document and software, confirmed corresponding results published in this document (Table 5, 

Table 7 and Table 8). For results published in Table 8 independent validation has been performed only for 

the following set of parameters: CL=0.99, k=0.9 and r=0, r=1 and r=2, respectively.  

8.4.3. Testing performed by the author5 of the »HyperBay« sample size calculator  

Testings of the draft version of the ENFSI hypergeometric sample size calculation were kindly performed 

also by the author of HyperBay sample size calculator. He run (with ENFSI calculator) the examples 

included in the »Readme file« of the published 2010 HyperBay calculator (see 

http://www.swgdrug.org/tools.htm ) and did not find any inconsistencies.e  

9. CONCLUSIONS 

9.1. Software 

The hypergeometric sample size calculation tool (version 2012) is validated and fit for purpose.   

 

Other tools of the “ENFSI DWG Calculator for Qualitative Sampling of seized drugs (version 2012)” 

remained unchanged with respect to the former version (2009) and have been validated previously. 

Therefore, we may conclude that the software package version 2012 is validated and fit for purpose.  

9.2. Other 

The validation report (Validation of the ‘Guidelines On Representative Sampling’, DWG-SGL-001, version 

001, 2009) has been revised (concerning the hypergeometric calculation), section 2 withdrawn and the new 

version of the validation report has been released.3  The document “Guidelines on Representative Drug 

Sampling”, UNODC & ENFSI DWG, ST/NAR/38, April 2009” is suggested to be reviewed (only 

concerning the hypergeometric sampling part) and revised appropriately, if necessary.  

 

                                                      
d As an independent validation, a program written using the R software (R available at http://www.r‐project.org/, is a 
free software under the GNU Project.) was used. The program code applied was a part of the reviewer report. 
e private communication: J. Gerlits ‐ S.Klemenc, e‐mail 6‐Nov‐2012 

http://www.swgdrug.org/tools.htm
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10. APPENDIX  

10.1. Calculations by hand 

Table 9: Calculation by hand for zero negatives (r=0) along Equation 2. If H0 is true, H0 is rejected with red 

marked probability α (i.e., H0 is accepted with red marked probability 1-α).  
CASE A 

N=20; k =0.90; (1-α)≥0.95; r = 0 
K= k*N = 18;  H0 test at M0 = K -1=17 

CASE B 
N=21; k =0.90; (1-α)≥0.95; r = 0 
K= k*N = 18.9;  H0 test at M0 = TRUNC(K)=18 

sample 
size n 

consecutive 
calculations 

P(α)=P(Sample 
positives ≥ n-r) 

 

P(1-α) 
=P(Sample 
negatives 

> r) 
 

sample 
size n 

consecutive 
calculations  

P(α)=P(Sampl
e positives ≥ 

n-r) 
 

P(Sample 
negatives > 

r) 
 

1 
( )
( )1
20
1

17

 0.8500 0.1500 1 
( )
( )1
21
1

18

 0.8571 0.14286 

2 
( )
( )2
20
2

17

 0.7158 0.2842 2 
( )
( )2
21
2

18

 0.7286 0.27143 

3 
( )
( )3
20
3

17

 0.5965 0.4035 3 
( )
( )3
21
3

18

 0.6135 0.3865 

4 0.4912 0.5088 4 0.5113 0.48872 

5 0.3991 0.6009 5 0.4211 0.57895 

6 0.3193 0.6807 6 0.3421 0.65789 

7 0.2509 0.7491 7 0.2737 0.72632 

8 0.1930 0.8070 8 0.2150 0.78496 

9 0.1447 0.8552 9 0.1654 0.83459 

10 0.1053 0.8947 10 0.1241 0.87594 

11 

and  

so on 

……. 

0.0737 0.9263 11 0.0902 0.90977 

12 
( )
( )12
20
12
17

 0.0491 0.9509 12 

and so 

on…… 

0.0632 0.93684 

13 
( )
( )13
20
13
17

..   13 
( )
( )13
21
13
18

 0.0421 0.9579 

14   14  0.0263 0.97368 

15   15  0.0150 0.98496 

16   16  0.0075 0.99248 

17   17  0.0030 0.99699 

18 to 20 0 1 18  0.0008 0.99925 

 

and 

 so on 

……. 

0 1 19 to 21  0 1 

 

 



 

Ref code: DWG-SGL-002 Issue No. 001 Page: 30/34 

Table 10: Calculation by hand for at maximum one negative allowed along Equation 3. If H0 is true, H0 is 

rejected with red marked probability α (i.e., H0 is accepted with red marked probability 1-α).  
CASE A (K=integer) 

N=20; k =0.90; (1-α)≥0.95; r = 1 

K= k*N = 18;  H0 test at M0 = K -1=17 

 CASE B  (K≠ integer) 

N=21; k =0.90; (1-α)≥0.95; r =1 

K= k*N = 18.9;  H0 test at M0 = TRUNC(K)=18 

sample 

size n 

consecutive 

calculations 

Pone=Pzero + PSn1 

P(α)=P(Sample 
positives ≥ n-r) 

P(1-α) 
=P(Sample 
negatives > 

r) 

sample 

size n 

consecutive 

calculations  

Pone=Pzero + PSn1 

P(α)=P(Sample 
positives ≥ n-r) 

P(1-α) = 
P(Sample 
negatives 

> r) 

1 
( )( )
( )1
20

1
1720

0
17 −

+zeroP  
0.8500 + 

0.1500 = 

1 
0 1 

( )( )
( )1
21

1
1821

0
18 −

+zeroP  

0.8571 

+ 

0.1429 

= 

1 

 

0 

2 
( )( )
( )2
20

1
1720

1
17 −

+zeroP  

0.7158 + 

0.2684 

= 

0.9842 
 

0.0158 

 
2 

( )( )
( )2
21

1
1821

1
18 −

+zeroP  

0.7286 

+ 

0.2571 

= 

0.9857 

 

0.0143 

 

3 to 16 

 

and  

so on 

……. 

and so on 

(not calculated by hand) 

 

3 to 17 

 
and so on…… 

and so on 

(not calculated by hand) 

…… 

17 
( )( )
( )17
20

1
1720

16
17 −

+zeroP  

0.0009 

+ 

0.0447= 

 

0.0456 

 

0.9544 

 
18 

( )( )
( )18
21

1
1821

17
18 −

+zeroP  

0.0008 

+ 

0.0406 

= 

0.0414 

0.9586 

and so on 
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Table 11: Calculation by hand for at maximum two negatives allowed along Equation 4. If H0 is true, H0 is 

rejected with red marked probability α (i.e., H0 is accepted with red marked probability 1-α).  

 
CASE A (K=integer) 

N=20; k =0.90; (1-α)≥0.95; r = 2 
K= k*N = 18;  H0 test at M0 = K -1=17 

 CASE B  (K≠ integer) 
N=21; k =0.90; (1-α)≥0.95; r =2 
K= k*N = 18.9;  H0 test at M0 = TRUNC(K)=18 

sample 
size n 

consecutive 
calculations 

Ptwo=Pone +PSn2 

P(α) 
=P(Sample 

positives ≥ n-
r) 
 

P (1-α) = 
P(Sample 
negatives 

> r) 

sample 
size n 

consecutive 
calculations 

Ptwo=Pone +PSn2 

P(α) 
=P(Sample 

positives ≥ n-
r) 

P(1-α) = 
P(Sample 
negatives 

> r) 

1 Pone 

0.8500  
+ 

0.1500 = 
1 

0 1 Pone 

0.8571 
+ 

0.1429 
= 
1 
 

0 

2 
( )( )
( )2
20

2
1720

0
17 −

+oneP  

0.9842 
+ 

0.0158 
= 
1 
 

0 
 2 

( )( )
( )2
21

2
1821

0
18 −

+oneP  

0.9857 
+ 

0.0143 
= 
1 
 

0 
 

3 to 18  

 

and  

so on 

……. 

and so on 
(not calculated by hand) 

 

3 to 19 
 and so on…… 

and so on 
(not calculated by hand) 

…… 

19 
( )( )
( )19
20

2
1720

17
17 −

+oneP  

0 
+ 

0.1500 
= 
 

0.1500 
 

0.8500 
 20 

( )( )
( )20
21

2
1821

18
18 −

+oneP  
0 
+ 

0.1429 
0.8571 

20 

( )( )
( )20

20
2

1720
18
17 −

+oneP  

*see note 

0+0=0 1 21 

( )( )
( )21

21
2

1821
19
18 −

+oneP  

*see note 

0 1 

*if x>M0, take ( ) 00 =
x

M , i.e.: ( ) 0
18
17

=  and ( ) 0
19
18

=  
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10.2. Details on calculation of PSn0, PSn1, PSn2  

A general equation can be written as: 

( )( )
( )n

N
xn

MN
x

M

KMxXP
−
−

=<≥

00

)0/(  

 

and PSn0, PSn1, PSn2  in Equation 2 to Equation 4 are calculated: 

 

For  x = n (i.e. r=0), which gives: 0SnP

( )( )
( )

( )( )
( )

( )
( )n

N
n

M

n
N

MN
n

M

n
N

xn
MN

x
M

SnPzeroPnxKMxXP

0
0

0000

0),0/( =

−

=
−
−

====<≥    

 

Note, that x = n-r, therefore for r = 0, PSn0 above may be rewritten also as: 

( )( )
( )

( )( )
( )

( )
( )n

N
n

M

n
N

MN
n

M

n
N

r
MN

rn
M

SnP

0
0

0000

0 =

−

=

−
−

=  

 

For , take x= n-1 (i.e. r=1),and equation is follows: 1SnP
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0
1
000
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−
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−

= , which is equivalent to  
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N
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M

n
N

r
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M
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0
1
000

1

−
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−
−
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For  take x= n-2 (i.e. r=2) and equation is as follows: 2SnP
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10.3. Binominal coefficient and calculations »by hand« 

For any set containing n elements, the number of distinct k-element subsets of it that can be formed (the k-

combinations of its elements) is given by the binomial coefficient
⎟⎟
⎠

⎞
⎜⎜
⎝

⎛
k
n , where k and n are positive integers.  

For easier understanding  of »Calculations by hand« (chapter 10.1), note that (general notation is applied 

here): 

 

)!(!
!

knk
n

k
n

−
=⎟⎟

⎠

⎞
⎜⎜
⎝

⎛
, whenever k n≤ , and which is zero when nk >  . 

  

1=⎟⎟
⎠

⎞
⎜⎜
⎝

⎛
n
n

 and   and 0! = 1 as well. 1
0

=⎟⎟
⎠

⎞
⎜⎜
⎝

⎛n

 

Have in mind also: Factorial of negative numbers are not defined, it is therefore not possible to calculate. 
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11. RESPONSIBLE FOR ERRORS 

Please address questions, report errors and/or bugs findings in the hypergeometric part software or within 

this document to the e-mail: sonja.klemenc@policija.si and/or to DWG contact person through the contact form 

(for the latest updates about current contact person please see at ENFSI Public open area: 

http://www.enfsi.eu/about-enfsi/structure/working-groups/drugs ).  

 

Dr. Sonja Klemenc 
e-mail: sonja.klemenc@policija.si  

Head of Chemistry Department 

National Forensic Laboratory,  

Vodovodna 95 

1000 Ljubljana 

Slovenia 
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