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214 Interpretation

7.2 PRE-ASSESSMENT AND RELEVANT
PROPOSITIONS

7.2.1 Levels of proposition

It is widely accepted for the assessment of scientific evidence that the forensic
scientist should consider different propositions which commonly represent
alternatives proposed by the prosecution and the defence to illustrate their
description of the facts under examination. The importance of these has been
illustrated in R. v. Clark. These alternatives are formalized representations of
the framework of circumstances. The forensic scientist evaluates the evidence
under these propositions. The formulation of the propositions is a crucial basis
for a logical and scientific approach to the evaluation of evidence (Cook et al.,
1998b). The framing of the propositions is an important and difficult stage of
the evaluation process, which can be specified by three key principles (Evett
and Weir, 1998):

• Evaluation is only meaningful when at least one alternative proposition
(two or more competing propositions) is addressed, conventionally denoted
throughout this book as Hp and Hd .

• Evaluation of scientific evidence (E) considers the probability of the evidence
given the propositions that are addressed, Pr!E ! Hp" and Pr!E ! Hd".

• Evaluation of scientific evidence is carried out within a framework of circum-
stances, denoted I. The evaluation is conditioned not only by the competing
propositions but also by the structure and content of the framework.

Therefore, propositions play a key role in this process.
Generally, propositions are considered in pairs. There will be situations where

there will be three or more, and comments on these situations are given in
Section 8.1.3. This happens quite often with DNA mixtures, for example, where
the number of contributors to the mixture is in dispute (Buckleton et al., 1998;
Lauritzen and Mortera, 2002). It is generally possible to reduce the number
of propositions to two, which will be identified with the respective prosecution
and defence positions. Clearly the two propositions must be mutually exclusive.
It is tempting to specify that they are exhaustive, but this is not necessary.
The simplest way to achieve this is with the addition of the word ‘not’ into
the first proposition, saying, for example: ‘Mr C is the man who kicked Mr Z’,
and ‘Mr C is not the man who kicked Mr Z’. However, this gives the court no
idea of the way in which the scientist has assessed the evidence with regard
to the second proposition. Mr C may not have kicked the victim, but he may
have been present at the incident. Analogously, consider the propositions ‘Mr B
had sexual intercourse with Miss Y’ and ‘Mr B did not have sexual intercourse
with Miss Y’. In fact, if semen has been found on the vaginal swab then it
may be inferred that someone has had sexual intercourse with Miss Y and,
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indeed, the typing results from the semen would be evaluated by considering
their probability given that it came from some other man. It will help the
court if this is made plain in the alternative proposition that is specified. So
the alternative could be ‘Some unknown man, unrelated to Mr B, had sexual
intercourse with Miss Y’ (with no consideration of relatives). In summary, the
simple use of ‘not’ to frame the alternative proposition is unlikely to be particu-
larly helpful to the court (Cook et al., 1998b). In the same sense, it is useful to
avoid the use of misleading words like ‘contact’ to describe the type of action
in the propositions. In fact, there is a danger in using such a vague word. As
stated by Evett et al. (2000a), the statement that a suspect has been in recent
contact with broken glass could mean many things. There is a clear need to
specify correctly the proposition in a framework of circumstances. Moreover, the
scientist may confuse propositions with explanations. For example, propositions
like ‘the crime stain originated from the suspect’, and ‘the crime stain originated
from some unknown person who happened to have the same genotype as the
suspect’ represent explanations. The probability of the evidence that the DNA
profile of the crime stain genotype matches the profile of the suspect given the
first proposition is one; the probability of the evidence given the alternative
proposition is also one. Thus, the likelihood ratio is simply 1. The interpretation
is uninformative because the alternative proposition explains the observation
but does not enable the weight of the evidence to be determined (Evett et al.,
2000b). The discussion above of Dawid’s (2002) analysis of R. v. Clark explains
how the prior odds and the likelihood ratio interact so that even though the
likelihood ratio is one, the posterior odds are intuitively reasonable. Explan-
ations can be useful as a kind of exploratory tool and they play an important
role in reconstruction (which normally contributes to the investigative phase).
Details and examples of the distinction are presented by Evett et al. (2000a).
Therefore, identification of the propositions to be considered is not an easy task
for the scientist. A fruitful approach to assist the scientist has been proposed by
Cook et al. (1998b). Practically speaking, the propositions that are addressed in
a judicial case depend on (a) the circumstances of the case, (b) the observations
that have been made and (c) the available background data. A classification
(called hierarchy) of these propositions into three main categories or levels has
been proposed, notably the source level (level I), the activity level (level II) and
the crime (or offence) level(level III).
The assessment of the level I category (the source) depends on analyses and

measurements on the recovered and control samples. The value of a trace (or
a stain) under source level propositions (such as ‘Mr X’s pullover is the source
of the recovered fibres’ and ‘Mr X’s pullover is not the source of the recovered
fibres’, so that another item of clothing is the source of the trace) does not
need to take account of any more than the analytical information obtaining
during examination. The probability of the evidence under the first proposition
(numerator) is considered from a careful comparison between two samples (the
recovered and the control). The probability of the evidence under the second
216 Interpretation

proposition (denominator) is considered by comparison of the characteristics of
the control sample and some kind of population of alternative sources.
The next level (level II) is related to an activity. This implies that the definitions

of the propositions of interest have to include an action. Such propositions could
be, for example, ‘Mr X assaulted the victim’ and ‘Mr X did not assault the victim’
(some other man assaulted her, and Mr X is not involved in the offence), or ‘Mr X
sat on the car driver’s seat’ and ‘Mr X never sat on the car driver’s seat’. The
consequence of this activity (the assault or the sitting on a driver’s seat) is the
contact (between the two people involved in the assault, or the contact between
the driver and the seat of the car) and consequently a transfer of material (fibres
in this example). So the scientist needs to consider more detailed information
about the case under examination relative to the transfer and persistence of the
fibres on the receptor (e.g., the victim’s pullover). Circumstances of the case (e.g.,
the distance between the victim and the criminal, the strength of the contact
and the modus operandi) are needed to be able to answer relevant questions like
‘is this the sort of trace that would be seen if Mr X were the man who assaulted
the victim?’ or ‘is this the sort of trace that would be seen if Mr X were not
the man who assaulted the victim?’. The assessment of evidence under level I
propositions requires little in the way of circumstantial information. Only I, the
background information, is needed. This could be useful in order to define the
relevant population for use in the assessment of the rarity of the characteristic of
interest. Activity level propositions cannot be addressed without a framework of
circumstances. The importance of this will clearly appear in the pre-assessment
approach (see Sections 7.2.2 and 12.3) when the expert is obliged to examine
the scenarios of the case and to verify that all relevant information for the proper
assessment of the evidence is available. The main advantage of level II over
level I propositions is that the evaluation of evidence under level II propositions
does not strictly depend on the recovered material; for example, it is possible
to assess the fact that no fibres have been recovered. It is clearly important to
assess the importance of the absence of material (such absence of material is
evidence of interest).
Level III, the so-called ‘crime level’ or ‘offence level’, is close to the activity

level. At level III, the propositions are really those of interest to the jury. Non-
scientific information, such as whether or not a crime occurred, or whether
or not an eyewitness is reliable, plays an important role in the decision. In
routine work, forensic scientists generally use the source level to assess scientific
evidence, notably for DNA evidence. Evidence under the activity level propos-
itions requires that an important body of circumstantial information is available
to the scientist (see Section 7.2.3). Unfortunately, this is often not the case
because of a lack of interaction between the scientists and investigators. There
are limitations in the use of a source level evaluation in a criminal investigation
compared with an activity level evaluation. The lower the level at which the
evidence is assessed, the lower is the relevance of the results in the context of the
case discussed in the courts. For ease of simplicity, note that even if the value,
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proposition (denominator) is considered by comparison of the characteristics of
the control sample and some kind of population of alternative sources.
The next level (level II) is related to an activity. This implies that the definitions

of the propositions of interest have to include an action. Such propositions could
be, for example, ‘Mr X assaulted the victim’ and ‘Mr X did not assault the victim’
(some other man assaulted her, and Mr X is not involved in the offence), or ‘Mr X
sat on the car driver’s seat’ and ‘Mr X never sat on the car driver’s seat’. The
consequence of this activity (the assault or the sitting on a driver’s seat) is the
contact (between the two people involved in the assault, or the contact between
the driver and the seat of the car) and consequently a transfer of material (fibres
in this example). So the scientist needs to consider more detailed information
about the case under examination relative to the transfer and persistence of the
fibres on the receptor (e.g., the victim’s pullover). Circumstances of the case (e.g.,
the distance between the victim and the criminal, the strength of the contact
and the modus operandi) are needed to be able to answer relevant questions like
‘is this the sort of trace that would be seen if Mr X were the man who assaulted
the victim?’ or ‘is this the sort of trace that would be seen if Mr X were not
the man who assaulted the victim?’. The assessment of evidence under level I
propositions requires little in the way of circumstantial information. Only I, the
background information, is needed. This could be useful in order to define the
relevant population for use in the assessment of the rarity of the characteristic of
interest. Activity level propositions cannot be addressed without a framework of
circumstances. The importance of this will clearly appear in the pre-assessment
approach (see Sections 7.2.2 and 12.3) when the expert is obliged to examine
the scenarios of the case and to verify that all relevant information for the proper
assessment of the evidence is available. The main advantage of level II over
level I propositions is that the evaluation of evidence under level II propositions
does not strictly depend on the recovered material; for example, it is possible
to assess the fact that no fibres have been recovered. It is clearly important to
assess the importance of the absence of material (such absence of material is
evidence of interest).
Level III, the so-called ‘crime level’ or ‘offence level’, is close to the activity

level. At level III, the propositions are really those of interest to the jury. Non-
scientific information, such as whether or not a crime occurred, or whether
or not an eyewitness is reliable, plays an important role in the decision. In
routine work, forensic scientists generally use the source level to assess scientific
evidence, notably for DNA evidence. Evidence under the activity level propos-
itions requires that an important body of circumstantial information is available
to the scientist (see Section 7.2.3). Unfortunately, this is often not the case
because of a lack of interaction between the scientists and investigators. There
are limitations in the use of a source level evaluation in a criminal investigation
compared with an activity level evaluation. The lower the level at which the
evidence is assessed, the lower is the relevance of the results in the context of the
case discussed in the courts. For ease of simplicity, note that even if the value,
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proposition (denominator) is considered by comparison of the characteristics of
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of the propositions of interest have to include an action. Such propositions could
be, for example, ‘Mr X assaulted the victim’ and ‘Mr X did not assault the victim’
(some other man assaulted her, and Mr X is not involved in the offence), or ‘Mr X
sat on the car driver’s seat’ and ‘Mr X never sat on the car driver’s seat’. The
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about the case under examination relative to the transfer and persistence of the
fibres on the receptor (e.g., the victim’s pullover). Circumstances of the case (e.g.,
the distance between the victim and the criminal, the strength of the contact
and the modus operandi) are needed to be able to answer relevant questions like
‘is this the sort of trace that would be seen if Mr X were the man who assaulted
the victim?’ or ‘is this the sort of trace that would be seen if Mr X were not
the man who assaulted the victim?’. The assessment of evidence under level I
propositions requires little in the way of circumstantial information. Only I, the
background information, is needed. This could be useful in order to define the
relevant population for use in the assessment of the rarity of the characteristic of
interest. Activity level propositions cannot be addressed without a framework of
circumstances. The importance of this will clearly appear in the pre-assessment
approach (see Sections 7.2.2 and 12.3) when the expert is obliged to examine
the scenarios of the case and to verify that all relevant information for the proper
assessment of the evidence is available. The main advantage of level II over
level I propositions is that the evaluation of evidence under level II propositions
does not strictly depend on the recovered material; for example, it is possible
to assess the fact that no fibres have been recovered. It is clearly important to
assess the importance of the absence of material (such absence of material is
evidence of interest).
Level III, the so-called ‘crime level’ or ‘offence level’, is close to the activity

level. At level III, the propositions are really those of interest to the jury. Non-
scientific information, such as whether or not a crime occurred, or whether
or not an eyewitness is reliable, plays an important role in the decision. In
routine work, forensic scientists generally use the source level to assess scientific
evidence, notably for DNA evidence. Evidence under the activity level propos-
itions requires that an important body of circumstantial information is available
to the scientist (see Section 7.2.3). Unfortunately, this is often not the case
because of a lack of interaction between the scientists and investigators. There
are limitations in the use of a source level evaluation in a criminal investigation
compared with an activity level evaluation. The lower the level at which the
evidence is assessed, the lower is the relevance of the results in the context of the
case discussed in the courts. For ease of simplicity, note that even if the value,
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Table 7.1 Examples of the hierarchy of propositions. (Reproduced by permission of
The Forensic Science Society)

Level Generic Examples

III Offence A Mr A committed the burglary
Another person committed the burglary

B Mr B raped Ms Y
Some other man raped Ms Y

C Mr C assaulted Mr Z
Mr C had nothing to do with the assault of Mr Z

II Activity A Mr A is the man who smashed window X
Mr A was not present when window X was smashed

B Mr B had sexual intercourse with Ms Y
Some other man had sexual intercourse with Ms Y

C Mr C is the man who kicked Mr Z in the head
Mr C was not present at the kicking of Mr Z

I Source A The glass fragments came from window X
They came from some other broken glass object

B The semen came from Mr B
The semen came from some other man

C The blood on Mr C’s clothing came from Mr Z
The blood on Mr C’s clothing came from an unknown person

V, of the evidence is such as to add considerable support to the proposition
that the stain comes from the suspect, this does not help determine whether
the stain had been transferred during the criminal action or for an innocent
reason. Consequently, there is often dissatisfaction if the scientist is restricted to
level I propositions.
There can be uncertainty around the relevance of the evidence for other

reasons also. Because of the sensitivity of DNA profiling technology, it is now
possible to envisage situations where it is not necessarily the case that a particu-
lar profile actually came from what was observed as a discernible region of
staining. In such cases, it may be necessary to address what are termed ‘sub-
level I’ propositions. In a DNA context, level I propositions such as ‘The semen
came from Mr Smith’, and ‘The semen came from some other man’ have to
be replaced by ‘DNA came from Mr Smith’, and ‘DNA came from some other
person’ (Evett et al., 2000a). The information available and the context of the
case influence the choice of proposition. Examples of the hierarchy of propos-
itions are given in Table 7.1.

7.2.2 Pre-assessment of the case

The evaluation process should start when the scientist first meets the case. It is
at this stage that the scientist thinks about the questions that are to be addressed
and the outcomes that may be expected. The scientist should attempt to frame
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from the above DNA example that the prior probability must ultimately 
be considered before returning a verdict. Even knowing that the odds in 
favor of guilt increase by a factor of one million may not “prove guilt 
beyond reasonable doubt” if this is the only evidence against the defen-
dant. That is because we already assume intuitively in such circum-
stances that the prior probability of guilt is also very low. But with or 
without a Bayesian approach, jurors inevitably have to make these con-
siderations. A key benefit of the Bayesian approach is to make explicit 
the ramifications of different prior assumptions. So, a judge could state 
something like: 

Whatever you believed before about the possible guilt of the defendant, 
the evidence is one million times more likely if the defendant is guilty 
than if he is innocent. So, if you believed at the beginning that there was 
a 50:50 chance that the defendant was innocent, then it is only rational 
for you to conclude with the evidence that there is only a million to one 
chance the defendant really is innocent. On this basis you should return a 
guilty verdict. But if you believed at the beginning that there are a million 
other people in the area who are just as likely to be guilty of this crime, 
then it is only rational for you to conclude with the evidence that there is 
a 50:50 chance the defendant really is innocent. On that basis you should 
return a “not guilty” verdict.

Note that such an approach does not attempt to force particular prior 
probabilities on the jury (the judiciary would always reject such an 
attempt)⎯it simply ensures that the correct conclusions are drawn from 
what may be very different subjective priors.

13.3  Building Legal Arguments Using Idioms
Despite its elegant simplicity and natural match to intuitive reasoning 
about evidence, practical legal arguments normally involve multiple 
pieces of evidence (and other issues) with complex causal dependencies. 
Fortunately, there are unifying underlying concepts which mean we can 
build relevant BN models, no matter how large, that are still conceptu-
ally simple because they are based on a very small number of special 
cases of the idioms that were described in Chapter 8.

13.3.1  The Evidence Idiom

We can think of the simple BN in Figure 13.1 (and its extension to mul-
tiple pieces of evidence) as the most basic BN idiom for legal reasoning. 
This basic idiom, which we call the evidence idiom, is an instantiation 
of the cause-consequence idiom and has the generic structure shown in 
Figure 13.4.

We do not distinguish between evidence that supports the prosecu-
tion (H true) and evidence that supports the defense (H false) since the 

Although the examples in the rest 
of this chapter do consider the 
prior probability for a hypothesis 
and compare this with the poste-
rior probability once the evidence 
is observed, we could equally as 
well have produced the likelihood 
ratio for the evidence (and thus 
ignored the need to consider the 
prior probability). It is simply a 
matter of convenience that we use 
the prior⎯with the BN tools we 
can simply read off the probabil-
ity values directly; it is less con-
venient to get the likelihood ratio 
because this involves an additional 
calculation outside the BN; specifi-
cally we would choose any prior 
(such as assigning equal probabil-
ity to the hypothesis being true and 
false) and then divide the prior for 
H by the posterior marginal for H 
once the evidence is entered.



Evidence Idiom
412 Risk Assessment and Decision Analysis with Bayesian Networks

BN model handles both types of evidence seamlessly. Hence, this idiom 
subsumes two basic patterns:

Corroboration pattern: This is simply the case where there are two pieces 
of evidence E1 and E2 that both support one side of the argument.

Conflict pattern: This is simply the case where there are two pieces 
of evidence E1 and E2 with one supporting the prosecution and 
the other supporting the defense.

A good example of the effect of combining diverse, conflicting evi-
dence in this way is provided in Box 13.2a

Box 13.2a  Combining Different Evidence
In the case of R v Adams (convicted of rape) a DNA match was the only prosecution evidence against the defen-
dant, but it was also the only evidence that was presented in probabilistic terms in the original trial, even though 
there was actually great uncertainty about the value (the match probability was disputed, but it was accepted to 
be between 1 in 2 million and 1 in 200 million). This had a powerful impact on the jury. The other two pieces 
of evidence favored the defendant⎯failure of the victim to identify Adams and an unchallenged alibi. In the 
Appeal the defense argued that it was wrong to consider the impact of the DNA probabilistic evidence alone 
without combining it with the other evidence. 

Figure 13.5 shows a BN that incorporates both the prosecution evidence and the defense evidence, with the 
priors and NPTs based on discussions during the trial. Using the assumption of a 1 in 2 million random match 
probability for the DNA, the impact of the DNA match evidence alone is shown in Figure 13.6.

Assuming random match
probability is 1 in 200 million

Figure 13.5 Hypothesis and evidence in the case of R v Adams.

H: Hypothesis

E2: Evidence 2 about
H is presented

En: Evidence n about
H is presented

E1: Evidence 1 about
H is presented

Figure 13.4 Evidence idiom.
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13.3.3  Idioms to Deal with the Key Notions 
of “Motive” and “Opportunity”

In the examples so far the ultimate hypothesis (defendant is guilty) 
has been modeled as a node with no parents. As discussed, this fits 
naturally with the intuitive approach to legal reasoning whereby it is 
the hypothesis about which we start with an unconditional prior belief 
before observing evidence to update that belief. But there are two very 
common types of evidence which, unlike all of the examples seen so 

H: Hypothesis
Generally

unknowable)
A: Accuracy of

evidence E

E: Evidence about
hypothesis is

presented

Figure 13.11 General idiom to model evidence taking account of its accuracy.

HO: Defendant Guilty

H1: Defendant blood
found at scene

H2: Blood not
subsequently
contaminated

H3: DNA match on
blood test in lab

E1: Blood found at
scene evidence

presented

E2: Blood not
contaminated

evidence presented

E3: DNA match on
blood test in lab

evidence

A1: Accuracy of
evidence E1

A2: Accuracy of
evidence E2

A3: Accuracy of
evidence E3

Figure 13.12 Full BN for DNA blood match evidence.
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far, support hypotheses that are causes, rather than consequences, of 
guilt. These hypotheses are concerned with “opportunity” and “motive” 
and they inevitably change the fundamental structure of the underlying 
causal model.

Opportunity: When lawyers refer to “opportunity” for a crime they 
actually mean a necessary requirement for the defendant’s guilt. By 
far the most common example of opportunity is “being present at the 
scene of the crime.” So, for example, if Joe Bloggs is the defendant 
charged with slashing the throat of Fred Smith at 4 Highlands Gardens 
on 1 January 2012, then Joe Bloggs had to be present at 4 Highlands 
Gardens on 1 January 2012 in order to be guilty of the crime. The correct 
causal BN model to represent this situation (incorporating the evidence 
accuracy idiom) is shown in Figure 13.13(a).

Note that, just as the hypothesis “defendant is guilty” is unknowable 
to a jury, the same is true of the opportunity hypothesis. Just like any 
hypothesis in a trial, its truth-value must be determined on the basis 

H1: Defendant present at
scene

H1: Defendant present at
scene

A: Accuracy of evidence

H2: Defendant guilty

H2: Defendant guilty

E: Evidence of defendant
present

A1: Accuracy of eye
witness evidence

A2: Accuracy of security
camera evidence

E1: Evidence of presence
from eye witness

E2: Evidence of presence
from security camera

(a) Idiom for incorporating “opportunity” (defendant present at scene of crime)

(b) Multiple types of evidence for opportunity hypothesis

Figure 13.13 Opportunity idioms.
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of evidence. In this particular example there might be multiple types 
of evidence for the opportunity hypothesis, each with different levels of 
accuracy as shown in Figure 13.13(b).

Given the natural reluctance of lawyers to consider prior probabilities 
for the ultimate hypothesis of “guilty” there is a clear benefit in the case 
where the notion of opportunity is relevant (see sidebar).

Motive: There is a widespread acceptance within the police and legal 
community that a crime normally requires a motive (this covers the 
notions of “intention” and “premeditation”). Although unlike opportu-
nity, a motive is not a necessary requirement for a crime, the existence of 
a motive increases the chances of it happening. This means that, as with 
opportunity, the correct causal BN model to represent motive in a legal 
argument is shown in Figure 13.14. If we wish to include both oppor-
tunity and motive into the argument then the appropriate BN idiom is 
shown in Figure 13.15.

Suppose it is known that the defen-
dant was one of a mob of 100 
people, among whom only one 
committed the crime. Then the 
Opportunity (being at the scene of 
the crime) has a non-controversial 
prior probability of 1%. In this case 
there is never any need to consider 
a prior for “guilty.”

H1: Defendant had motive A: Accuracy of  evidence

H2: Defendant guilty E: Evidence of defendant
motive

Figure 13.14 Idiom for incorporating motive.

Ao: Accuracy of
opportunity evidence 

Ho: Defendant had
opportunity

Hm: Defendant have
motive

Am: Accuracy of motive
evidence

Eo: Evidence of
opportunity H: Defendant guilty Em: Evidence of motive

Figure 13.15 Incorporating both opportunity and motive.
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of evidence. In this particular example there might be multiple types 
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where the notion of opportunity is relevant (see sidebar).

Motive: There is a widespread acceptance within the police and legal 
community that a crime normally requires a motive (this covers the 
notions of “intention” and “premeditation”). Although unlike opportu-
nity, a motive is not a necessary requirement for a crime, the existence of 
a motive increases the chances of it happening. This means that, as with 
opportunity, the correct causal BN model to represent motive in a legal 
argument is shown in Figure 13.14. If we wish to include both oppor-
tunity and motive into the argument then the appropriate BN idiom is 
shown in Figure 13.15.

Suppose it is known that the defen-
dant was one of a mob of 100 
people, among whom only one 
committed the crime. Then the 
Opportunity (being at the scene of 
the crime) has a non-controversial 
prior probability of 1%. In this case 
there is never any need to consider 
a prior for “guilty.”

H1: Defendant had motive A: Accuracy of  evidence

H2: Defendant guilty E: Evidence of defendant
motive

Figure 13.14 Idiom for incorporating motive.

Ao: Accuracy of
opportunity evidence 

Ho: Defendant had
opportunity

Hm: Defendant have
motive

Am: Accuracy of motive
evidence

Eo: Evidence of
opportunity H: Defendant guilty Em: Evidence of motive

Figure 13.15 Incorporating both opportunity and motive.
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This makes the task of defining the NPT for the ultimate hypothesis H 
a bit harder, since we must consider the probability of guilt conditioned 
on both opportunity and motive, but again these specific conditional pri-
ors are inevitably made implicitly anyway. What we do need to avoid is 
conditioning H directly on multiple motives, i.e. having multiple motive 
parents of H. Instead, if there are multiple motives, we simply model 
what the lawyers do in practice in such cases: Specifically, they consider 
the accuracy of each motive separately but jointly think in terms of the 
strength of overall motive. The appropriate model for this is shown in 
Figure 13.16 (using the object-oriented notation).

13.3.4  Idiom for Modeling Dependency 
between Different Pieces of Evidence

In the case of a hypothesis with multiple pieces of evidence (such as in 
Figure 13.4) we have so far assumed that the pieces of evidence were 
independent (conditional on H). But in general we cannot make this 
assumption. Suppose, for example, that the two pieces of evidence for 
“defendant present at scene” were images from two video cameras. If 
the cameras were of the same make and were pointing at the same spot, 
then there is clear dependency between the two pieces of evidence: If we 
know that one of the cameras captures an image of a person matching 
the defendant, there is clearly a very high chance that the same will be 
true of the other camera, irrespective of whether the defendant really 
was or was not present. Conversely, if one of the cameras does not cap-
ture such an image, there is clearly a very high chance that the same will 
be true of the other camera, irrespective of whether the defendant really 
was not present.

The appropriate way to model this would be as shown in 
Figure  13.17(a) (for simplicity we are ignoring the issue of accuracy 
here) with a direct dependency between the two pieces of evidence. 
Also, for simplicity, note from the NPTs that “dependence” here means 
the cameras will produce identical results (we can easily adjust the NPT 

Motive

H: Defendant
guilty

Motive 1 Motive 1 Motive 1

Motive

Figure 13.16 Appropriate model for multiple motives (using object-oriented notation).
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to reflect partial dependence by, for example, making the probability 
0.9 (as opposed to 1) that camera 2 will return “true” when H is true 
and camera 1 is true.

If we assume that the prior for H being true is 0.1 and the prior for the 
cameras being dependent is 0.5, then the initial marginal probabilities 
are shown in Figure 13.17(b). 

It is instructive to compare the results between the two models: (a) 
where there is no direct dependence between E1 and E2; and (b) where 
there is. Hence in Figure 13.18(a) and (b) we show both these cases where 
evidence E1 is true. Although both models result in the same (increased) 
revised belief in H, the increased probability that E2 will also be true is 
different. In (a) the probability increases to 43%, but in (b) the probabil-
ity is 100% since here we know E2 will replicate the result of E2.

Figure 13.18(c) and (d) shows the results of E1 and E2 being pre-
sented as true in both cases. When they are dependent the additional E2 
evidence adds no extra value. However, when they are independent our 
belief in H increases to 88%.

Figure 13.17 Idiom for modeling dependency between different pieces of evidence.
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The classic example of alibi evidence is an eyewitness statement con-
tradicting the hypothesis that the defendant was present at the scene of 
the crime, normally by asserting that the defendant was in a different 
specific location. What makes this type of evidence special is that the 
hypothesis itself may directly influence the accuracy of the evidence 
such as when the eyewitness is either the defendant herself or a person 
known to the defendant. Figure 13.19 shows the appropriate model with 
the revised dependency in the case where the witness is known to the 
defendant. A possible NPT for the node A1 (accuracy of alibi witness) is 
also shown in Figure 13.19.

Imagine that the witness is the partner of the defendant. Then what 
the NPT is saying is that, if the defendant is not guilty, there is a very 
good chance the partner will provide an accurate alibi statement. But if 
the defendant is guilty there is a very good chance the partner’s state-
ment will be inaccurate. Of course, if the witness is an enemy of the 
defendant the NPT will be somewhat inverted. But with the NPT of 
Figure 13.19 we can run the model and see the impact of the evidence 
in Figure 13.20.

The model provides some very powerful analysis, notably in the case 
of conflicting evidence (i.e. where one piece of evidence supports the 
prosecution hypothesis and one piece supports the defense hypothesis). 
The most interesting points to note are:

 ◾ When presented on their own ((b) and (c) respectively), both 
pieces of evidence lead to an increase in belief in their respec-
tive hypotheses. Hence, the alibi evidence leads to an increased 
belief in the defense hypothesis (not guilty) and the CCTV evi-
dence leads to an increased belief in the prosecution hypothesis 
(guilty). Obviously the latter is much stronger than the former 
because of the relative priors for accuracy, but nevertheless on 
their own they both provide support for their respective law-
yers’ arguments.

H1: Defendant
present at crime

scene
A1: Accuracy of

alibi witness
A2: Accuracy of

CCTV

H2: Defendant
guilty

E1: Witness says
defendant was not
present at crime

E2: CCTV
shows

defendant was
present

Figure 13.19 Alibi evidence idiom, with NPT for A1 (accuracy of alibi witness).
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 ◾ When both pieces of evidence are presented (d) we obvi-
ously have a case of conflicting evidence. If the pieces of 
evidence were genuinely independent the net effect would be 
to decrease the impact of both pieces of evidence on their 
respective hypotheses compared to the single evidence case. 
However, because the alibi evidence is dependent on H2, the 
result is that the conflicting evidence here actually strength-
ens the prosecution case even more than if the CCTV evi-
dence was presented on its own. Specifically, because of the 
prior accuracy of the CCTV evidence, when this is presented 
together with the alibi evidence it leads us to doubt the accu-
racy of the latter (we tend to believe the witness is lying) and 
hence, by backward inference, to increase the probability of 
guilt. 

13.3.6  Explaining away Idiom

As we saw in Chapter 6, one of the most powerful features of BN rea-
soning is the concept of “explaining away.” An example of explaining 
away was seen in the evidence accuracy idiom in Figure 13.10(a). The 
node E (evidence of blood match) has two parents H (defendant guilty) 
and A (accuracy of evidence) either of which can be considered as being 
possible “causes” of E. Specifically, H being true can cause E to be 
true, and A being false can cause E to be true. When we know that the 
blood match evidence has been presented (i.e. E is true) then, as shown 
in Figure 13.10(c), the probability of both potential “causes” increases 
(the probability of H being true increases and the probability of A being 
false increases). Of the two possible causes the model favors A being 
false  as the most likely explanation for E being true. However, if we 
know for sure that A is true (i.e. the evidence is accurate) then, as shown 
in Figure 13.5d, we have explained away the “cause” of E being true⎯it 
is now almost certain to be H being true. 

We could consider “explaining away” as an explicit idiom as shown 
in Figure 13.21.

However, it turns out that traditional “explaining away” does not 
work in a very important class of situations that are especially relevant 
for legal reasoning. These are the situations where the two causes are 
mutually exclusive (as discussed in Chapter 7), i.e. if one of them is true 
then the other must be false. 

Cause 1 Cause 2

event

Figure 13.21 Explaining away 
idiom.


