Workshop on Statistics and
Probability in Forensics Science
Cedric Neumann

EXERCISES AND NOTES

Exercises
Chapter I – Random variables
1. Calculate the mean, the median and the variance / standard deviation of the following
dataset on the observed dose of MDMA in 10 pills (in mg)
𝑋 = {55,40,52,55,47,54,49,49,60,46}
2. Define the type of the following variables
a. The number of minutiae in friction ridge impressions
b. The dose of MDMA in pills
c. The design of the face of pills
d. The size of shoes
e. Blood alcohol content
f. The color of fibers
g. The number of glass fragments transferred on a garment
h. The size of garments

Chapter II – Probability and probability distributions
1. The probability of observing an arch on any given person is 7%. The probability of
observing a certain spatial arrangement of 4 minutiae is 8%. The probability to observe
the same spatial arrangement of 4 minutiae on arches is 9%.
a. Check if spatial arrangement and friction ridge pattern are independent
b. Calculate the probability of observing the spatial arrangement given that you are
looking at an arch
c. Calculate the probability of observing something else than an arch
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d. Calculate the probability to observe the spatial arrangement on something else
than an arch
e. Calculate the probability of observing an arch or the spatial arrangement
2. The probability to observe red viscose fibers on a garment is 3%.
a. Calculate the probability that we observe red viscose on the first garment we
process
b. Calculate the probability that we observe red viscose on one of the first three
garments that we process
c. Calculate the probability that we need to process more than three garments to
observe red viscose
3. The probability to observe a counterfeit penny is about 5%. We observe a sample of 100
pennies from a much larger population of pennies.
a. Calculate the probability that we observe 4 (repeat for 5 and 6) counterfeit
pennies in the sample of 100.
b. Is the result in a surprising?
c. Calculate the probability to observe between 4 and 6 counterfeit pennies in the
sample.
4. A sample of 100 white pills contains 60 pills composed of MDMA. You sample 50 pills out
of the 100. What is the probability that 30 of them contain MDMA?
5. Solve the following equations:
Pr 𝑍 ≤ 2.58 =
Pr 𝑍 ≤ −1.25 =
Pr 𝑍 ≥ 1.96 =
Pr 𝑍 ≤ 𝑧 = 0.7190
Pr (𝑇 ≥ 𝑡) = 0.01

789:;
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Pr (𝑇 ≤ −𝑡) = 0.01

789:;

Pr (𝑇 ≤ 𝑡) = 0.995

789:@

Pr (Χ ; ≥ 𝜒 ; ) = 0.975

789::

Pr (Χ ; ≤ 𝜒 ; ) = 0.025

789::

Pr (Χ ; ≥ 𝜒 ; ) = 0.01

789:C

6. Solve the following equation for 𝜇 = 15 and 𝜎 ; = 4
Pr 𝑋 ≤ 17 =
Pr 𝑋 ≥ 11.7 =
Pr 12.5 ≤ 𝑋 ≤ 16.5 =

Chapter IV – Parameter estimates and confidence intervals
1. The purity of a shipment of 100 bags of cocaine is believed to be normally distributed.
The purity of 10 bags has been measured.
a. Estimate the purity of the shipment using a 95% confidence interval.
𝑥 = {0.7599, 0.7582, 0.7291, 0.7475, 0.7530, 0.7482, 0.7596, 0.7705, 0.7434, 0.7410}
b. What is the probability that the CI includes the true value of 0.75?
c. What would have happened if we were to analyze another 10 samples?
2. A random sample of 100 individuals are tested for blood alcohol content. After having
tested the 30 first individuals, it turns out that 12 of them have a BAC larger than the legal
limit.
a. Estimate the proportion of individuals that have a BAC larger than the legal limit
using a 90% confidence interval
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b. Estimate the proportion of individuals that have a BAC larger than the legal limit
using a 95% confidence interval
c. Repeat a and b, knowing that 27 out of 60 individuals have a BAC larger than the
legal limit.
d. What can you observe by comparing a, b and c.

Chapter V – Sample size
1. We want to characterize the proportion of individuals with arch friction ridge pattern in
the general population.
a. Calculate the sample size that we need to estimate that proportion with a
precision of ± 0.01 and a confidence of 95%
b. What would happen if you want to determine the same proportion (with the same
precision and confidence) in a finite population of 1,000 people?
c. What would happen if you want to redo b but you use the information that the
proportion should be around 5%?

Chapter VII – Hypothesis testing
1. A study shows that 80 out of 120 fingerprint “identifications” were made based on more
than 12 minutiae in common between the trace and control impressions. Test the
hypothesis that more than 65% of “identifications” are made based on more than 12
minutiae.
2. Two garments are processed for foreign fibers. On the first garment, 190 foreign fibers
(out of 336) are pink nylon, while on the second garment, 482 (out of 773) are pink nylon.
Test whether the proportion of foreign pink nylon fibers is the same on both garments.
3. The refractive indices of fragments from 2 different windows are compared to determine
if the average refractive index of both windows is the same. Use the following data to
perform the test
2016 - Two N’s Forensics, Inc.

4

𝑛K = 19; 𝑋K = 1.748421; 𝑆K; = 0.579314
𝑛N = 28; 𝑋N = 1.386429; 𝑆N; = 0.1651646
4. A researcher is interested in comparing the rates of different shoe designs in different
sub-populations. Test whether the distributions of patterns are different from one subpopulation to another.

Design A
Design B
Design C
Design D
Design E

Sport shoes
56
25
23
45
28

City shoes
83
44
53
89
37

Hiking shoes
43
18
21
38
17

Casual shoes
55
11
33
60
17

Chapter XI – Bayes theorem
1. A partial DNA profile is found at a crime scene and compared with that of Mr. X. The
probability of observing the partial DNA profile at the crime scene given that the biological
material was left by Mr. X. is 0.67. The probability to observe the partial DNA profile if Mr.
X. is not the source of the biological material is 0.0001.
a. Calculate the LR
b. Calculate the probability that Mr. X is the source of the partial DNA profile if the
population of potential offender is 10,000
c. What would happen if it is 1,000,000?
d. Does the LR change between b and c?
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2. A finger impression is found at a crime scene and compared with a control impression
from Mr. X by an examiner in laboratory A. The examiner declares that they “match”.
Examiners of laboratory A are known to be very good at correctly declaring matches when
the donors of the control impression are also the donors of the trace. Examiners from
laboratory A are known to have an error rate of 1 in 100,000 cases.
a. Calculate the LR
b. Calculate the probability that Mr. X is the source of the trace if the population of
potential offenders is 100,000?
c. What would happen if one considers that police detectives propose the correct
source (using non-fingerprint evidence) in about 80% of the cases?
d. What would happen if we assume prior odds that Mr. X is the source are “50/50”?
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Source: B. Lawal, Applied Statistical Methods in Agriculture, Health and Life Science, Springer, 2014

Appendix:
Statistical
Tables
Table 1 Standard normal
probabilities (area
between 0 and z)

Table 1 Standard normal probabilities (area between 0 and z)

B. Lawal, Applied Statistical Methods in Agriculture,
Health and Life Sciences, DOI 10.1007/978-3-319-05555-8,
c Springer International Publishing Switzerland 2014
⃝
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B. Lawal, Applied Statistical Methods in Agriculture,
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Appendix: Statistical Tables

Table 2 Values of tα in a t distribution with df degrees of freedom. (shaded area
P (t > tα ) = α)
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Table 3 Values of χ2α,df in a chi-square distribution with df degrees of freedom
(shaded area P (χ2 > χ2α,df ) = α)
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Appendix: Statistical Tables

Table 4 Values of fα,ν1 ,ν2 in an F distribution (shaded area P (F > fα,ν1 ,ν2 ) = α).
Numerator degrees of freedom is ν1 and denominator degrees of freedom is ν2 .
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Table 4 Values of fα,ν1 ,ν2 in an F distribution (continued)
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