Background

- Decisions In forensic examination procedure are often
based on subjective opinion of an expert.

- Subjective decisions are prone to variation. Reliability
and accuracy for such comiparisons is usually evaluateo
using plack box studies.

- Increasing interest in data that i1Is on an ordinal scale.

Objectives

- Provide a statistical model tfor assessing reliability of
feature-based comparisons in forensic science.

- We also consider a mixture model approach that
clusters examiners together based on their tendencies
to rate samples.

Modelling Ordinal Data

. Consider g case where decisions can be on an ordinal
scale of 1 — 3 (e.g.,, no value, VEO, VID).

- LetY;,, be the ordinal decision by examiner ¢ on sample
j at the k" trial, k allows for repeated observations.

- We assume that ordinal decisions are dependent on an
underlying continuous variable Z; .

- Assume T1;; and T2 are examiner “thresholds” for

classitying sample ¢ Into one of the three categories.
Y;ij — 1 4+ ](ZZ] > 7'7;’1) -+ ](ZZJ > 7'7;’2)
Zijk|Vjs 0i5 ~ N(vj + 0i5,1)

Ti2 = Ti1 + T0
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Results with Fingerprints

- Thresholds of 169 examiners for the Analysis phase of
the fingerprint analysis procedure.

. Thedataison ascaleof NV, VEO, and VID which indicate

iIncreasing level of detail in the latent print that makes
it suitable for comparisons.

- The reproducibility was estimated to e 0.72 with a 95%

credible interval of (0.69, 0.74) and the repeatability was
O.77 with a 95% credible interval (0.75, O./79).

% NV Estimated Loerage
decisions  thresholds  estimated -,
Examiner A 10.8 179 023
Examiner B 18.7 179 0.09

DPM on Examiner Tendencies

- We are interested iIn models that encourage parameter

sharing. Consider DPMM.

- We will assume that there are unknown number of

clusters of examiners such that examiners within a
cluster share tendencies to rate samples.

- Assume that a.4) In the model follows a Dirichlet

orocess mixture. Say that the base distribution is
a normal distribution with a zero mean and certain
variance oj.

- INn this case, we assume that the cutpoints or the

thresholds are shared between all examiners.

Y:L'jk: = 1+ [(ka > /ﬁ)l) + [(ka > %2)
Ko > K1
Zijk ~ Ny + 75, 1)

he concentration parameter Is sampled using
adaptive rejection sampling.

. Similartothe above setup, sample difficulties could also

be clustered.
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Results with Signhatures

- We analyzed the data collected from a handwritten

signature complexity stuady.

- Five forensic document examiners provided complexity

assessments for 123 signatures on a scale of 1-5.
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- We found that there are two clusters of examiners

based on examiner tendencies to rate samples.

- We found that examiners 1.4 were in the same cluster

based on their tendenciles.
another cluster.

Examiners 2.3 were IN

- Note that we plan to look at studies with binary anad

ordinal data and more examiners.

Conclusions

- We provided a methodology for assessing examiner
thresholds with ordinal decisions.

- We also provided a method to cluster examiners in

groups INn the absence of examiner covariates while
accounting for sample difficulties.

- We were able to obtain insights into the data collected

from two black-box studies.
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