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My priorities 
are....

Timeliness

Cost

Make it stick
Don’t change 

your mind

No Appeals

Quality of
Science



Our laboratory systems are exhaustively documented, 
controlled, inspected and accredited to National and 

International standards

What about the knowledge, judgement and 
understanding of your practitioners?

Quality of
Science



EvaluatorInvestigator

This is the means for 
apprehending suspects 

A policing 
function

This is all about assisting 
courts of law

A legal process



I aim to form my 
opinion from logic 

and balance

I’ve carried out a successful 
investigation.  All we need  do 

now is nail him

In my opinion, the evidence 
is consistent with the 
prosecution allegation

I do not seek balance.  I will 
use the evidence to win my 

argument.

I also seek balance, but I 
know nothing of the logic 

needed to achieve it

Old school



Components in the defendant’s DNA 
are present in the crime sample

Therefore, in my opinion, the DNA in 
the crime sample could have come 

from the defendant

Why do you add that second 
sentence?

Because the Crown 
Prosecution Service like it

Current UK 
practice



Components in the defendant’s DNA 
are present in the crime sample

Therefore, in my opinion, the DNA in 
the crime sample could have come 

from the defendant

This is not an opinion...

...my cat could draw that 
conclusion

My master has a 
slight tendency to 

exaggeration



Components in the defendant’s DNA 
are present in the crime sample

Therefore, in my opinion, the DNA in 
the crime sample could have come 

from the defendant

It is widespread 
practice in the UK

Nevertheless, this kind of “opinion” 
has been promoted by the Court of 

Appeal in recent judgements*

This is prosecution biased – unless one says that it is 
also true that the DNA could have come from someone 

else

R v Dlugosz[2013] EWCA Crim 2 



These are “statements of possibility”

Not only are they worthless for conveying 
evidential weight...

...but used selectively they are prosecution 
biassed

could have... might have... consistent 
with...



The DNA profile from the 
crime sample is too complex 

for me to calculate a statistical 
assessment

Is it true that fifteen of the 
defendant’s components are 
present in the crime profile?

Yes
Well. surely, that 

means something?

These show 9 and 10 out of 11 components to be present, and 
notwithstanding the absence of statistical evidence ... I consider that they 

are of sufficient probative value to be considered by the jury.  
R v Walsh [2011] NICC 32 

See also:
R v Dlugosz, R v Pickering and R v MDS 

([2013] EWCA Crim 2)



A criminal trial is a process for 
decision making in the face of 

uncertainty

Probability theory is the calculus 
of reasoning in the face of 

uncertainty

The Bayesian approach provides a robust and 
logical model for such reasoning



What proportion of 
the judiciary 
understand 
probability?

What proportion of 
advocates understand 

probability?

What proportion of 
police investigators 

understand 
probability?

What proportion of 
forensic scientists 

understand 
probability?



The Court’s strong endorsement of 
the rejection of Bayes theorem in 
R v Adams should mean that the 
use of this and similar statistical 

approaches has been successfully 
nipped in the bud

[1997] Crim. L. R. 669 at 673



Rejecting Bayes’ theorem is a bit 
like demanding that the Earth be 

flat.

The Bayesian paradigm is not about Bayes’ theorem – it is 
about the nature of probability



The Bayesian paradigm for 
legal reasoning

1.  In a criminal trial, there are 
two competing views in relation 

to the defendant

𝐻𝑝

𝐻𝑑

2. There is circumstantial 
evidence (time, place, 
opportunity, alibi etc) I

3.  There is a set of scientific observations

E

A rational juror



A rational juror

How strongly do I believe 
the prosecution proposition, 

given the circumstantial 
information? 

I
How do the scientific 

observations affect my  
belief in the prosecution 

proposition? 

E



What is the weight of 
evidence* provided by the 

scientific observations? I

E

* Alan Turing



Weight of evidence is a function 
of the likelihood ratio

What is the probability that those observations would 
have been made if the prosecution proposition were true?

What is the probability that those observations would 
have been made if the defence  proposition were true?

𝑃𝑟 𝐸 𝐻𝑝, 𝐼

𝑃𝑟 𝐸 𝐻𝑑 , 𝐼



A rational juror

I ask questions of the kind “what is the 
probability that the prosecution proposition is 

true, given the evidence?”

I address questions of the kind “what is the 
probability of the evidence given that the 

prosecution proposition is true?”

A rational scientist

𝑃𝑟 𝐸 𝐻𝑝, 𝐼

𝑃𝑟 𝐻𝑝 𝐸, 𝐼

Confusion between these is known as the 
prosecutor’s fallacy



I address questions of the kind “what is the 
probability of the evidence given that the 

prosecution proposition is true?”

𝑃𝑟 𝐸 𝐻𝑝, 𝐼

and: “what is the probability of the evidence 
given that the defence proposition is true?”

𝑃𝑟 𝐸 𝐻𝑑 , 𝐼

The balanced 
scientist

The ratio of these two probabilities is a measure of “weight of 
evidence” or “support” for one or other of the two propositions



Probability is personal

Probability theory is the logic of reasoning in 
the face of uncertainty

Pr(𝐸|𝐻, 𝐼, 𝐾, 𝐽)

The Bayesian approach tells us the class of 
questions that the scientist should address

Probability is conditional

Probability changes in the light of 
new information



The Objective of CAI
To enable decisions to be made which will deliver a value for 

money service meeting the needs of our direct customers and 
the Criminal Justice System

Forensic Science Service, 1997
Case Assessment and Interpretation

Roger Cook
Ian Evett

Graham Jackson
Phil Jones

Jim Lambert
Gareth Booth

Christophe Champod
Stella Jones (McCrossan)

Sue Pope



CAI

Hierarchy of propositions

Pre-assessment

Investigator/evaluator

Explanations/propositions

Statement structure



CAI EAFS award 2000

PW Allen award of the Forensic Science Society 
(three times)

Principles of Balance, Logic, Robustness and 
Transparency adopted by ENFSI 2011

Charles Berger
John Buckleton

Christophe Champod
Ian Evett

Graham Jackson

R v T: 2010



R v T [2010] EWCA Crim LR 
2439

It is quite clear therefore that outside the field of 
DNA...this court has made it clear that Bayes 

theorem and likelihood ratios should not be used.



R v T [2010] EWCA Crim LR 
2439

An opinion that a shoe “could have made the mark” is 
not in our view the same as saying that “there was 

moderate...support for the prosecution case”.

The use of the term “could have made” is a 
more precise statement of the evidence;

...it enables a jury better to understand the true nature of 
the evidence than the more opaque phrase 

“moderate..support”.



Atkins & Anor v R [2009] 
EWCA Crim 1876

But we do not agree that the absence of such a 
database means that no opinion can be 

expressed by the witness 

An expert who spends years studying this kind of comparison can 
properly form a judgment as to the significance of what he has found 

in any particular case. It is a judgment based on his experience. 

We agree that the fact that a conclusion is not 
based upon a statistical database ...needs to be 

made crystal clear to the jury. 



I have 30 years’ experience and I have done 
tens of thousands of cases

To what extent has your judgement been 
evaluated under controlled conditions?

Calibration
(Found and Rogers)



Experience

Experience has taught me what 
works and what doesn’t work

I try to use my experience to gain 
deeper understanding...

I’ve done thousands 
of cases like this



E: a number fragments of 
glass on the clothing 

I need to consider the probability 
of the evidence given each of the 

propositions

Mr S is the person who smashed the window

Mr S had nothing to do with the incidentActivity level 
propositions



I need to consider the probability 
of the evidence given each of the 

propositions

Knowledge

Literature

Data



Calibration

Judgement

Knowledge

Knowledge
Management

Probability of the evidence



Knowledge Base

What do I 
think in this 

case?

What have other scientists 
thought in similar cases?



Knowledge base

Probabilities

Probabilities

This is technologically feasible

Pinchin and  Buckleton showed how to do it 
for glass in 1988



Knowledge base

Probabilities

Probabilities

But what assurance do we have 
that the knowledge is reliableThat’s where 

calibration comes in



Knowledge base

That’s where 
calibration comes in

Snapshot

Experimentation



Knowledge base

Calibration

This inspires the notion of
Knowledge Management



Old paradigm
Categoric Identification

Individual expertise

Reliability assessed by:
False positives
False negatives
Inconclusives



New paradigm
Quantified weight 
of evidence on a 
continuous scale

Mathematical 
modelling

Databases

Calibration



Calibration: nothing new



How should forensic science develop?
A police officer’s perspective

My priorities 
are....

More tests
Cheaper

Faster

Certainty: none of this 
probability stuff

More 
sensitive



The old school

Intuition

Heuristics

Experience

Probability of the

prosecution proposition

The modern forensic scientist

Knowledge
Understanding

Logic
Probability of the evidence 

given both propositions
Calibration

How should forensic science develop?
A forensic scientist’s perspective



The Future Is....

Bayesian

Evaluative forensic inference removed from 
police and CPS influence

Knowledge Management

Calibration



What are the obstacles:

My priorities are quick, 
cheap and unequivocal tests

We don’t really 
understand the principles 
of evidence evaluation...

I, and my 
colleagues, do not 
have time to think 

about science



The Washington Post
29 January 2015

The proposed change would address a major criticism of the 

nation’s top scientific organization and many legal experts, 

who have warned in recent years that police and prosecutors 

exercise too much control over crime labs, which suffer from 

weak standards over research, testimony and examinations. 

The failings that have led to dozens of lab scandals and 

hundreds of exonerations over the past two decades.

U.S. judge quits commission to 

protest Justice Department 

forensic science policy

http://www.washingtonpost.com/pb/local/crime/forensic-techniques-are-subject-to-human-bias-lack-standards-panel-found/2012/04/17/gIQADCoMPT_story.html


Thank you for 
your attention


