UNIVERSITY OF AMSTERDAM
X

UvA-DARE (Digital Academic Repository)

Follow the trace

Evaluating physical and digital forensic findings given activity level propositions using
Bayesian networks

Vink, M.

Publication date
2025

Link to publication

Citation for published version (APA):

Vink, M. (2025). Follow the trace: Evaluating physical and digital forensic findings given
activity level propositions using Bayesian networks. [Thesis, fully internal, Universiteit van
Amsterdam].

General rights

It is not permitted to download or to forward/distribute the text or part of it without the consent of the author(s)
and/or copyright holder(s), other than for strictly personal, individual use, unless the work is under an open
content license (like Creative Commons).

Disclaimer/Complaints regulations

If you believe that digital publication of certain material infringes any of your rights or (privacy) interests, please
let the Library know, stating your reasons. In case of a legitimate complaint, the Library will make the material
inaccessible and/or remove it from the website. Please Ask the Library: https://uba.uva.nl/en/contact, or a letter
to: Library of the University of Amsterdam, Secretariat, Singel 425, 1012 WP Amsterdam, The Netherlands. You
will be contacted as soon as possible.

UVA-DARE is a service provided by the library of the University of Amsterdam (https://dare.uva.nl)

Download date:16 Dec 2025


https://dare.uva.nl/personal/pure/en/publications/follow-the-trace(592c3a76-7904-4277-89e1-7335a015442b).html

Part 11

STARTING SMALL: FROM
IDIOMS TO CASE MODELS

All chapters from Part II are based on' Vink, M., & Sjerps, M. J. 2023. A
collection of idioms for modeling activity level evaluations in forensic science.

Forensic Science International: Synergy 6, 100331.

'The publication is licensed under the CC BY-NC-ND 4.0 license. Minor modifications have been

made to the publication: see Page 289 for a clarification of the modifications.






Introduction

Introduction to Part 11

In forensic casework, many relevant questions go beyond the source of the
trace. Part of these questions, known as activity level questions (Cook et al.,
1998), regard the manner of deposition of the trace and accordingly, the case
propositions concern a dispute over an activity rather than a source. Forensic
scientists must assess the likelihood of their findings concerning these activity
level propositions. This assessment requires more information than source level
evaluations, such as background distributions and probabilities of transfer,
persistence, and recovery under different circumstances. The large amount of
required information makes evidence evaluations at activity level a challenging

practice. Some challenges include:

e a lack of knowledge on what variables influences the case findings
e a lack of available data on these variables

e a lack of uniformity in the evaluations, both between individual cases of

the same expert and between different experts.

Evaluations given activity level propositions can be complex, but they can
be invaluable for the legal process. Therefore, a more reliable and robust
assessment, framework is desired.

Aitken & Gammerman (1989) were one of the first to mention the use of
Bayesian networks (BNs) in forensic science. Nowadays, these networks are in-
creasingly being used to model activity level evaluations in this field. BNs are
probabilistic graphical models that use Bayes’ theorem to calculate event prob-
abilities. These networks consist of nodes and directed links, which represent
random variables and conditional dependencies between the variables respec-
tively. Each node has its own conditional probability table (CPT), containing
the probabilities of the various states of a variable conditioned on its parent

nodes. The model can be used to derive the probability of an event occurring
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Introduction

given all the relationships that exist within the model. For further informa-
tion on BNs and probabilistic reasoning in general, we recommend Aitken and
Gammerman (1989) and textbooks such as Garbolino & Taroni (2002) and
Fenton & Neil (2018).

BNs are advantageous because of their ability to easily represent complex
probabilistic relationships between variables. This makes them ideal for use in
forensic science, where transparency and accurate results are required. More-
over, BNs are based on probability theory, which allows experts to revise prob-
abilities for case propositions and uncertain variables. This helps them show
how each piece of evidence affects their evaluation. Lastly, BNs are transpar-
ent, providing space for discussion and illustrating sources of uncertainty in
the expert’s reasoning.

Despite its potential benefits, the use of BNs within the legal framework has
been limited. This is partly due to the complex, time-consuming and subjective
nature of constructing an acceptable BN model for a legal case. And so the
question is: how do we mitigate or eliminate these disadvantages?

Neil et al. (2000) propose an idiom-based approach to decrease the com-
plexity of modeling Bayesian networks. The idiom-based approach divides the
modeling process into smaller fragments, called idioms, that represent generic
types of probabilistic reasoning (Lagnado, 2021; Neil et al., 2000). They depict
a set of variables and their probabilistic relationship, and can be modified and

combined to form larger template or case models. Additional benefits include:

e Idioms can be constructed and reasoned about separately which makes

them beneficial to the designer.

e [dioms give experts quick access to certain generic reasoning patterns,
and they can choose which of these they want to integrate into a larger

system.

e Idioms can easily be instantiated by transforming the node names into

discipline- and case-specific variables.
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e [dioms are advantageous for maintenance; modifying an idiom is much

simpler than adjusting an entire template model.

e Idioms can be beneficial to (law) practitioners, as experts can explain

their case model in a clear and concise manner.

Neil et al. (2000) state that “idioms act as a library of patterns for the
BN development process.” (p. 269) Research domains such as legal reasoning
and medical reasoning (Kyrimi et al., 2020; Lagnado et al., 2013) have already
developed a collection of idioms. Our goal is to present a collection of idioms
particularly useful for modeling activity level evaluations in forensic casework.
Chapter 2 combines a literature review of existing idioms (either generic or
forensic) and our own suggestions of forensic idioms useful for activity level
evaluations. Many of the perceived idioms are specified for other disciplines
than forensic science. In such cases, we provide the generic version of the
idiom as well as a forensic instantiation of that generic version. Furthermore,
we extracted forensic reasoning patterns from template models and case models
and translated them into idioms.

We provide the forensic expert with a collection of idioms consisting of
five categories that are useful for evaluations given activity level propositions.
In Chapter 3, we illustrate the idiom-based approach and the relevance of
our collection by combining some of the presented idioms to create a larger
template model. This model can be used for any kind of transfer evidence, in
cases where the actor and/or the activity is disputed (Kokshoorn et al., 2017).
In addition, we provide concrete examples of how to use the idioms in forensic
casework in Appendix B. We also refer to literature that utilizes the idioms in

template models or case-specific models.
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