Conmputi ng Confidence Intervals in Breath
Al cohol Anal ysi s

In forensic breath al cohol analysis we performduplicate

measurenents and determ ne a sanple nean(x), which is used
subsequently as an unbi ased estimate the individual's true nean
(pn) breath al cohol concentration. Qur sanple nean is a random
variable and is sinply an estimate of the true nean. W are
interested in how good this estimate is. A confidence interval
is the best nmethod for determ ning how well our sanple nean
estimates the true nean because it establishes an interval within
whi ch we can state that we have included (bracketed) p with sone

| evel of probability. An inportant point to consider is that p
is sone theoretically fixed value. On the other hand, our sanple
nmean is a randomvariable and will vary fromduplicate sanple to
duplicate sanple. |If we performed 100 duplicate neasurenents and
conput ed the sanple nmean in each case, we would obtain a

di stribution of sanple neans, which would be approxi mately
normal Iy distributed based on the Central Limt Theorem Since
the sanple nmean is a randomvariable, so are the end points for

the confidence intervals. The figure belowillustrates this
concept :
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The confidence interval limts is seen to bracket pin all cases
except one. This illustrates that the sanple nean along with its

[imts vary whereas the popul ati on nmean does not. Properly

interpreting the confidence interval for a popul ati on nean woul d
inply that if we were to neasure a | arge nunber of sanpl es,
conpute their neans and confidence intervals, we would bracket
the true popul ation nmean 99%of the tinme (if we determ ned 99%
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confidence intervals).

The standard approach to conmputing a confidence interval for
a popul ation nmean is:

X + S

T taan \/—
n

Eq. 1

where: x= the sanple nean
t = a value selected fromthe t-table
corresponding to a specified | evel of
confi dence
1-a/ 2 = designates the confidence interval w dth

(e.g., 0=0.01 would correspond to a 99%
confidence interval)

degrees of freedomwhere df = n-1

t he standard devi ati on associated with

t he neasurenent of a particular breath

al cohol concentration and estimated from
sanpl e data

n = the nunmber of breath al cohol neasurenents

df
S

In cases where S is based on a |arge nunber (n>100) of replicate

measurenents we will replace Swith o (the true popul ation
standard deviation) and replace t with Z (the standard nor nal
vari ate) and use the standard normal distribution table.

For exanpl e, consider an individual producing duplicate
breath al cohol results of 0.12 and 0.14 g/210L. The follow ng
illustrates the steps for conputing the 99% confi dence interval:

mean = 0.130 g/210L

o = 00305 x +0.0026 = 0.0066 g/210L Eq. 2

where the equation for o is determned froma | arge nunber of

duplicate breath al cohol results showng ¢ to vary with
concentration. Now conmputing the 99% confidence interval we
obt ai n:

0.130 =+ 2.576 00066 _ 0.130 £ 0.012 Eq. 3
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The 99% confidence interval would be reported as:

0.118 to 0.142 g/ 210L



The confidence interval for a population nean (assumng o is
known based on | arge n) can be expressed nore conpletely as
foll ows:

Vo Ny

PF- Zun =< 4 <x +Zsub al2 i} = 0.99 Eq 4

Equation 4 is an inequality stating that the probability the
upper and | ower confidence interval limts wll bracket the
popul ation nean pis 0.99. It is inmportant to recognize that the

limts of the interval are the random variabl es and not p

In forensic breath al cohol analysis we are nore interested
in the value of the lower Iimt than the upper since we are not
concerned that the popul ati on nmean actually exceeds our conputed
upper limt. Therefore, we are nore interested in the follow ng
i nequality:

P{;Za,zj_glu<+oo}=0.995 Eq. 5
n
or sinply:
Plx z 7_ < —  0.995 Eq 6
a/z\/n— H q

Notice that our probability increases by (100-P)/2 since our
interest nowis only in one tail of the distribution. Again, Z
is used in place of t since our estinmate of o is based on a |arge
nunber of duplicate breath al cohol values (n > 1,000 for nost
rel evant concentrations). For large n (large df) the t
di stribution converges to the standard normal distribution.

Putting the values fromour exanple in Equation 3 into Equation 6
we obt ai n:
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P [0.130 2576 2906 1 } = P[0.118 < u ]= 0995 Eq. 7



This is interpreted as neaning the probability that our | ower
confidence interval limt will be less than or equal to pis
0.995. Again, the lower |imt of 0.118 g/210L is the random
vari abl e and not p.

Probability That p Exceeds A Specified Lower Limt

There may be occasions when we are interested not only in
the value of the |lower 99.5%confidence limt but also in the
probability that u exceeds sone specific |ower value. Consider
an individual that provides duplicate breath al cohol sanples
resulting in 0.100 and 0.110 g/210L. The nean would be 0.1050

g/ 210L and the standard deviation (o) determ ned from Equation 2
woul d be 0.0058 g/ 210L. We express this new probability
statement as foll ows:

0.0058

e

Plu>0100 ]= P {0.105 z > 0.100 } Eq. 8

where: p = 0.105 - Z(0.0058)/(V2)

We now solve for Z and find its associ ated probability:

P[O.IOS z 20958 5 100 } = P{O'IOS 0.100 zz} = P(122 >=72)

J2 0.0058/ /2

Looki ng up the value of 1.22 in the standard normal table we see
that the probability that Zis less than or equal to 1.22 is
0.889. We therefore conclude that the probability that our | ower

confidence interval Iimt is equal to or greater than 0.100
g/ 210L is 88.9% This is the sane as stating that our |ower
88.9% confidence interval limt for our population nean (u) is

0. 100 g/ 210L.
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