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Useful Mathematical and Statistical Equations

. Mean

Mean = x = lix,

i=1

. Standard Deviation

. Variance
2 (xrx)
§= n-1
. Standard Error of the Mean
S
SEM =—
Jn

. Confidence Interval for a Population Mean

;'i't a S
- (1-3)("-1)‘”\/;

where: t = from a table of t values for appropriate level of confidence
S = the standard deviation of a single value



6. Confidence Interval for a Population Mean

P[x -t(l-%)dfT;s Hsxt t(l-%)dfﬁ] P

Where: p = true population mean

7. Confidence Interval For a Mean Where Systematic Error is Unknown
But Limits Are Known

— S
[X - m]i [t(l-%)(n-l)df Tn + 5]

where: t=from a table of t values for appropriate
level of confidence
S = the standard deviation of a single value
m = the median of the uncertainty interval
& = half of the uncertainty interval

8. Confidence Interval for a Difference Between Two Sample Means

diff *+¢ (1-2)mnz-2ar SE aiy

where:
dlff = _x—l - ;2

- 2 - 2
SEW=J(”’ s’ +(n; 1)“\/;_1_

n1+nz-2 n; n;

This method assumes equal variance for both variables



9. Confidence Interval Around a Proportion

i’iZ(l-%)SEﬁ

where:
p(1-p)
n

SE =

Z 1.2y is from the table of standard normal values for the appropriate level of
significance

10. Confidence Interval Around a Variance

2 2
(n)S* 2o (1)S
A anar X 1a24r
where: % = value from the + distribution
S? = the sample variance
n = sample size

n-1 = degrees of freedom
df = degrees of freedom determined from n-1

11. Coefficient of Variation

CcV = [2]100
X

12. Accuracy (Systematic Erroror Bias)

%SE = [i;?—R]z 00

where: SE = relative systematic error



13. General Linear Function

y = byx + by

where: b1 = slope of the line

bo =y intercept of the line

14. Weighted Mean

where:

15. 95% Limits of Agreement

x+196S

where: S = standard deviation of a single value sample size is 100 or more

if sample size is less than 100 then replace 1.96 with:

(n+1l)

tn-1),0.05



16. Standard Deviation for Single Determinations Based on Duplicates

_ SDuy

S \/EE

where: SDgir = standard deviation of signed difference distribution

17. Standard Deviation for Single Determinations Based on Duplicates

>d’
2k

SD; =

where: d = duplicate test differences
k = number of subjects or groups of duplicates

18. Standard Deviation for Single Determinations Based on Replicates

ZZ(xij";i)z

i=1 j=1

k(nl)

SD; =

where: n = number of measurements within each subject
k = number of subjects
Xj = the jth measurement within the i"" group

19. Equality of Variances - Two Groups

2
= S max
2
S min
where: S? is the maximum or minimum variance from two independent groups

F max

Frax i then compared to a table of F values for n-1 df in the numerator and
n-1 df in the denominator



20. Standard Deviation for Single Determinations Where Subjects Have
Different Number of Replicates

k n
Z Z(xlj - ;1 )2
i=1 j=1

SD‘, = =

k
3 il
i=1

where: n = number of measurements within subject i
df = the degrees of freedom for the i subject (ni-1)
S? = the variance for the i subject

21. Equality of Variances - More Than Two Groups - Hartley's Test

2

S max
2

S min

F o =

where: n in each group must be the same

S? is the maximum or minimum variance from more than two groups of
independent data

Fmax is then compared to Hartley's table for maximum F-ratio values having the
df of the same n in each group and k groups

22. Pooled Estimate of Variance

2_ (mi-1)S/’+(n:-1)S,
n1+n2-2

Sy

This can be employed where the variances are reasonably equal

23. t-Test For A Population Mean
X-u

Sx/n

t=

where: u = the population mean
Sx = the standard deviation of a single value
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24. t-Test For Paired Data

= d
S./In

where: d is the mean difference for the duplicate data and should be normally
distributed
S = the standard deviation of the differences
tis then compared to a table of t values at the a level of significance for either
one or two tail test

For small samples, the Wilcoxon Sign Rank test is a non-parametric equivalent to the
paired data t-test.

25. Confidence Interval For the Slope of a Line

b%t4.2)m-24SEs

where: b = slope and
Syx

SE =
’ San'I

where: Sy = standard deviation of the residuals or the standard error or the estimate
S« = standard deviation of the x data set

26. Error Propagation: Random or Systematic for Sums and Differences

8 =(&) +(H)

where: qgq=x+y x and y are independent



27. Error Propagation: Random or Systematic for Products and
Quotients
5 _ [éz]l[@]’
lq] x y
where: =Xy x and y are independent
28. Error Propagation: General Formula for Random Errors

s[4 s 2]

where: x and y are independent and
there can be as many terms as there are
independent variables

29. Error Propagation: General Formula for Random Errors When The
Two Variables Are Correlated

For. z=1(x\y)

eV, [a]., zo
S.= \/[Ex{l Sx+|:5} Sy+25;gCOV-(XaY)

where: Cov(x,y) = SiSy(correlation r between x and y)

30. Error Propagation: General Formula for Systematic Errors

|6q|—|[ ]d lax |+|[gﬂ6y|

where: x and y are independent



31. Widmark's Equation

_ Wr(c,+ pY
0.82(fl.oz. EtOH/drink)

where: N = number of drinks
W = body weight in ounces
r = Widmark's rho (L/Kg)
Ci = BAC at time t (Kg/L) and approximated from BrAC measurement
B = elimination rate (Kg/L/hr)
t = time in hours from first drink
0.82 = density of ethanol (0z./fl.oz.)

32. Computing the Uncertainty in Widmark's Equation (Alha)

20 =1/0.02578 N?+0.07749(N - 1.020C, W )’

where: C;=BAC in Kg/L
W = body weight in Kg

33. Computing the Uncertainty in Widmark's Equation (Widmark

16 =+/0.015625 N* + 0.050176(N -0.68C,W )’ for men

16 =/0.01 N? +0.021904(N -0.55C, W )’ for women

where: C;=BAC in Kg/L
W = body weight in Kg

34. Computing Uncertainty in Widmark's Equation(Error Propagation)

lo= W\/0. 003721 C*+ 0.0007628Ct + 0.0002255 ¢*

where: C =BAC in Kg/L
t = time in hours



35. Calculation of Sample Size for Comparing Means (unpaired data)

2
nzz[";‘"] [Zla/2+Z|ﬁ]z

where: oyt = standard deviation of the differences
d = critical difference to detect
P = power of test (1-)
B = typically set to 0.20 (a one sided test value)
a = significance level
Z = from the standard normal distribution

Gives the sample size required in each of the two samples

36. Calculation of Required Sample Size for Paired Data

2
n2 l:%:l [lez + Zw]2

where: ¢ = standard deviation (assumed constant)
& = critical difference
P = power of the test (1-B)
B = typically set to 0.20 (a one sided test value)
a = significance level
Z = from the standard normal distribution

37. The Poisson Distribution

ke
k!

PX=k=

where: k=0,1,2,...
A = total occurrences/number of intervals
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38. Residual Analysis

M-
-~
h
N

-~
Il
~

Fi=
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¥
[
N

,
Il
-~

+
where : k= integer[n p 3]

rqy = first k residuals
r, = last k residuals

39. Chi-Square Analysis

k 2
2 _ (Oi"Ei)
LR

where: O = the number observed
E = the number expected

40. Dixon's Test For Outliers

For n < 25;

y= Y;-Y,
Y-V,

where: the subscripted values or Y represent the sequentially listed data and Y is
the suspected outlier
r is compared to table value

Forn > 25;

where: Y4 = suspected outlier

Y =the mean of the data set
S = sample standard deviation
r is compared to table value
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41. t-Test For Independent Means Assuming Equal Variances

{= }l - }2
SEdijf

where: SEgs = standard error (standard deviation) of difference computed as follows

_1).2 T
SEdW=\/(n1 D'+ (n:-Ds 2\/L+i

nl+n2'2 n; n:

where: the degrees of freedom is found by df = n1+n,-2

For small samples, the Wilcoxon Rank Sum test is a non-parametric equivalent to the
independant sample t-test

42. Components of Variance
S =8t 8,4t 5%

where: S%; = estimate of total variance
S2s = estimate of biological variance
S?a = estimate of analytical variance
S% = estimate of procedural variance

43. t-Test For Runs in Dichotomous Data
Employ this statistic when each sample size is unequal

and one of them is > 20
r [—annz :| 1
(nl + nz)

\/annz(znlnznlnz)
(ni+n) (ni+nl)

where: r = the number of runs
n, and n, = total number of occurrences for each of the dichotomous conditions

12



44. Water/Air Partition Coefficient for Ethanol
K watersair = 23017.268 80'064”‘

where: T = temperature in celcius

45. The Binomial Density Function
X is a random variable having the binomial distribution with parameters n and p

n

P(X=x) =( ] p-p)*  x=0123,..

X
46. Sample Size Calculation for Proportions

L 2PU-P)(Z.+2,)
(Pl'Pz)Z

Where: P4 = proportion in group 1
P2 = proportion in group 2

47. Limits of Detection and Limits of Quantitation

38

Jn

where: Sy = standard deviation estimated at concentration zero

LOD=33, LOQO=108, LOD;=
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48. Parts Per Million (PPM)

(EJ 1000 £& (25.204 L )
L mg Mole

[gram molecular weight ( g H
mole

PPM =

a4
4

where: gram molecular weight for ethanol = 46 g/Mole
49. Determining Total Body Water For Use in Widmark=s Equation

Men: TBW =2.447 -0.09516Age + 0.1074Height + 0.3362Weight
Women : TBW =-2.097 + 0.1069Height + 0.2466Weight
TBW
Y (Ci+ pY)
0.789(ml.Etoh/drink)

where: N = number of drinks
Weight = body weight in Kg
Height = height in cm.
TBW = total body water in liters
Ci = BAC at time t (g/L) and approximated from BrAC measurement
B = elimination rate (g/L/hr)
t = time in hours from first drink
0.8 (numerator) = water volume in blood L/L
0.789 (denominator) = density of ethanol g/ml

Watson, P.E., Watson, |.D. and Batt, R.D., "Prediction of Blood Alcohol Concentrations in
Human Subjects: Updating the Widmark Equation”, J. Studies on Alcohol, Vol.42 No.7,
1981, pp. 547-555.
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50. Determining Widmark=s p

Men: p=0.31608 -0.004821Weight + 0.004632Height
Women : p=0.31223-0.006446Weight + 0.004466Height

where: weight is in Kg. and height is in cm.

Seidl, S, Jensen, U. And Alt, A., "The Calculation of Blood Ethanol Concentrations in
Males and Females", Int. J. Legal Med., Vol.114, 2000, pp. 71-77.

51. Uncertainty Estimates Assuming Different Distributions
Given a flask is stated to contain: 100ml £ 0.1ml

Triangular Distribution:

SD=—"— = 0.0408 ml

Rectangular (Uniform) Distribution:

SD=—

2

0.1 ;”’ 0.0707 ml
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52. Truth Table Computations

Truth
<0.08 10,08
Correct
<0.08 Incorrect
™ FN
Decision
10.08 Incorrect Correct
FP TP

TP . TN
Sens=———=P(D"|T") Spec=————=P(D|T")

TP + FN TN + FP
TP N
PPV=——=P(T"| D" NPV=——=P(T | D
TP+ FP (110" TN + FN (11D’
TP+ TN
Efficiency =
fictency = N+ FP+ FN

53. Sample Size For Estimating a Population Proportion

n> ”(16'2”) [z.+ z,}

where: 7 = estimated proportion
& = critical difference to detect

54. Sample Size For Comparing Two Different Proportions

'nz—_(p,q,-pzqzz) [Zsuba+Zﬂ]z
(pl'pz)

where: ps = proportion in group 1
P, = proportion in group 2
q1=1-p1
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55. Confidence Interval When Systematic Error is Unknown But Bounded

X-m+[1.96 s5+d]

where: m = the midpoint of the interval within which the systematic error (bias) is
expected to lie
d = the half width of the interval within which the systematic error (bias) is
expected to lie
S = the standard deviation of the mean

56. Confidence Interval for the Mean of the Response Variable in Simple
Linear Regression

Y+ traraqn-2yar Sy £+%
x,-X

i=1

where: X = a given value for the independent X variable

X = the mean of all X variables used to generate the regression model
S, = the standard error of the estimate from the regression model
n = the number of points used to compute the linear regression model

57. Confidence Interval for an Individual Response Variable in Simple
Linear Regression

S

Y+ tiasaqn-2yar Sy n & —
Z(X,. _X)Z

i=1

where: X = a given value for the independent X variable

X = the mean of all X variables used to generate the regression model
S,. = the standard error of the estimate from the regression model
n = the number of points used to compute the linear regression model
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58. Test for Variances

0_2 = n-1I
where: $? = sample variance being evaluated
2
o -

population variance under the null hypothesis
(n-1) = degrees of freedom

RGG 8/4/2006
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