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ABSTRACT: In 1992, Tzidony and Ravreby presented a confidence interval for the total weight of a seizure of illicit drugs present in a popula-
tion. Their approach has subsequently been applied by several researchers in the field. The formula on which their approach is based does, however,
not fully take into account the proportion of drug units found in the sample. In this paper, a modification is presented that consistently uses the correct
sample size in all terms of the confidence interval, based on the proportion of drug units found in the sample. The effective sample size is smaller
than the original sample size, and this should consequently be accounted for in the estimation of the standard error and in the corresponding t-distribu-
tion. The new confidence interval is again based on the assumption that the proportion of drug units in the population is known after sampling.
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Quite some literature has been devoted to the determination of a
lower limit to the proportion of units in a population which con-
tains drugs, at a given confidence level. One of the first references
is the paper by Frank et al. (1), followed by a paper by Tzidony
and Ravreby (2) in which they extended the approach with a
method for calculating the total weight of a drug present in a popu-
lation within a given confidence interval.

The method presented by Tzidony and Ravreby (2) has subse-
quently been used and applied by several scholars in the field of
the forensic sciences (3–6). Their method is based on the assump-
tion that the weight of a single unit is a normally distributed ran-
dom variable. Given the common practice of relatively small
sample size it is appropriate to use the t-distribution to provide a
(1-a)100% confidence interval for the average weight of a drug
unit in the population, by their formula 7
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where l and �X are the average weight of a drug unit in, respec-
tively, the population and the sample, S is the sample standard
deviation, n is the sample size, and tn�1;1�a=2 is the 1)a ⁄ 2 per-
centile of the t-distribution, with n)1 degrees of freedom.

When the total population is finite of size N, and n ⁄ N is >0.1, a
finite population correction factor,
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results in Tzidony and Ravreby’s formula 8
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The confidence interval for the total weight (W) of the drug
exhibit is subsequently obtained by their formula 9, which adds the
amount of drug units in the population as estimated by the product
of proportion of drug units found in the sample, and the total popu-
lation size (i.e., P

_
N).
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Please note that the uncertainty in P
_

is not taken into account
(4). In the following we continue in this line of reasoning by ignor-
ing the uncertainty in P

_
. The confidence interval is, as a conse-

quence, interpreted conditionally on P
_

. Explicitly including the
uncertainty in P

_
will result in several problems, as will be dis-

cussed below.
Confidence interval 3a, however, seems to contain an error. The

effect of P
_

is not consistently taken into account at all arguments.
As there are ð1� P

_
Þn units without drugs in the sample, the effec-

tive sample size on which the estimation of the total weight is
based should equal P

_
n instead of n. A similar argument applies

to N in the population correction factor which should equal p
_

N.
Formula 3a should, therefore, be rewritten as
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which is equivalent to
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So, the decrease of the effective sample size P
_

n if P
_

<1 should
also be taken into account in the standard error, as well as in the
number of degrees of freedom. The consequence of this in practice
is that both the standard error and the 1-(1 ⁄ 2a) percentile of the
t-distribution will increase, resulting in a broader, more conserva-
tive, confidence interval.

Discussion

In this short paper, we presented an alternative specification for
the confidence interval of the total weight of a drug exhibit cor-
rected for the proportion of drug units found in the sample. If one
wants to correct, the correction should be applied consistently. In
other words, the uncertainty introduced by the fact that the effective
sample size is smaller in the presence of units not containing drugs
should also be accounted for in the estimation of the standard error,
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The fact remains that P
_

is an estimator and therefore stochastic.
It is convenient to assume the number of positives known by the
time the sampling is perfomed. The interval in formula 3 can then
be seen as an approximation of the true interval.

Incorporating the uncertainty in P
_

will result in a complex confi-
dence interval with the degrees of freedom of the t-distribution
being a random variable. An alternative specification of 3a could
be to ignore P

_
completely in the interval and base the total weight

estimation on all units instead of only the units containing drugs by
writing
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This can be seen as a confidence interval for W* not affected by
the uncertainty in P

_
. Comparison of this confidence interval to the

abovementioned intervals, and inclusion of the uncertainty in P
_

will be the topic of future research. The purpose of this paper,
however, is only to bring the error in the formula by Tzidony and
Ravreby (2) to the attention.
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