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Abstract
The interpretation of complex DNA profiles is facilitated by a Bayesian approach. This
approach requires the development of a pair of propositions: one aligned to the prosecution
case and one to the defense case. This note explores the issue of proposition setting in an
adversarial environment by a series of examples. A set of guidelines generalize how to
formulate propositions when there is a single person of interest and when there are multiple
individuals of interest. Additional explanations cover how to handle multiple defense
propositions, relatives, and the transition from subsource level to activity level propositions.
The propositions depend on case information and the allegations of each of the parties. The
prosecution proposition is usually known. The authors suggest that a sensible proposition is
selected for the defense that is consistent with their stance, if available, and consistent with a
realistic defense if their position is not known.
Keywords: forensic science, forensic DNA, likelihood ratio, propositions, Bayesian approach,
DNA mixtures
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Introduction
There is a reappraisal of DNA interpretation methods underway internationally, and this has
been given strong support from several standard-setting organizations such as the Scientific
Working Group on DNA Analysis Methods, (SWGDAM) (1), the European Network of
Forensic Science Institutes (ENFSI), the Association of Forensic Science Providers (AFSP) (2)
and the International Society for Forensic Genetics (ISFG) (3, 4). Europe and the UK have a
long association with the Bayesian approach but North America has, for many years, deployed
other methods such as the cumulative probability of inclusion (CPI) (5) and the random match
probability (RMP) (6). The emerging methods that enable interpretation of low template and
mixed samples, however, are based on the assignment of a likelihood ratio (LR):
𝑃𝑟(𝐸|𝐻𝑝 ,𝐼)

𝐿𝑅 = 𝑃𝑟(𝐸|𝐻

𝑑 ,𝐼)

(1)

where 𝐸 stands for the findings (e.g., DNA profile(s), presumptive test results, observations),
𝐻𝑝 and 𝐻𝑑 the propositions representing the standpoints of prosecution and defense,
respectively, and 𝐼 the relevant case information. From our teaching activities, especially in
the US, we have noticed that the assignment of propositions is one of the areas presenting
difficulty. For this reason it is timely to revisit the principles underlying the practical
implementation of the Bayesian approach, notably the formulation of the propositions.
The formulation of propositions is crucial to the interpretation of a set of observations. This
concept is founded strongly in the scientific method where it is vital to consider your
hypotheses before acquiring the data. Forensic science is no different (except that we will
speak of propositions instead of hypotheses). Note that in science hypotheses refer to
statements that can be tested by performing a scientific experiment, whereas a proposition is
not necessarily testable. In forensic science, a statement such as “The defendant murdered the
victim” cannot be tested in a lab, so we prefer to call this a proposition, and to generally refer
to the statements corresponding to 𝐻𝑝 and 𝐻𝑑 as propositions.
The value of the LR for the DNA typing results will be different for different pairs of
propositions. Choosing the appropriate pair of propositions is therefore just as essential as the
DNA lab work and assigning the probabilities for the numerator and denominator of the LR
formula.
The formulation of propositions needs to follow a number of principles. First, propositions
need to be mutually exclusive and exhaustive in the context of the case (i.e., one should not
consider all propositions as default, but only those that are of interest to the Court). The second
principle is that the propositions should help the Court address the issue of interest. Usually,
the ultimate question of interest is the question of guilt, but forensic scientists will rarely be
able to add value in such a context. They might however be able to help the Court discriminate
between alleged activities and alleged DNA sources.
The propositions in any given case depend on the case circumstances at the time the
interpretation is being carried out. Relevant case information may include, but is not limited
to, the following elements:
1. The activities alleged by the prosecution and defense (e.g., the defendant having
intercourse with the victim, the defendant biting the victim’s breast, or the defendant
giving the victim a hug),
2. The time at which these activities supposedly took place,
3. Where the activities supposedly occurred and what other activities took place at this
location before and after the alleged activities (e.g., in the defendant’s bed where the
2

defendant had had consensual sex with his girlfriend before the alleged activities with
the complainant),
4. The nature of the population of alternative sources for the DNA trace (e.g., close
relatives of the defendant or complainant, members of a particular ethnic group, or
individuals considered unrelated to the defendant and the complainant).
When we talk about the case information, we need to emphasize that we do not consider
information such as prior conviction, motive, presence of other types of evidence, or a
confession as relevant forensic information: these are only the concern of the court and forensic
scientists do not need, nor wish to have, this type of information.
In this note we attempt to address the challenge of helping the parties formulate an adequate
pair of propositions for DNA typing results by presenting guidelines, explanations and
examples on how one can handle common situations. We discuss the following topics: the
hierarchy of propositions; cases with one person of interest; cases with multiple individuals of
interest; cases where the number of unknown contributors under the defense proposition is not
equal to one plus the number of unknown contributors under the prosecution proposition;
relatives; and the transition from the sub-source level to the activity level in the hierarchy of
propositions. Although science is international, many of our views reflect our experience in
an adversarial environment where the defense is under no requirement to offer a proposition
and often do not do so. In such a case a principle is that every accused is entitled to the best
defense.
The hierarchy of propositions
Cook et al. (7) and Evett et al. (8, 9) classified propositions into four levels: from top to bottom
these are offense, activity, source, and sub-source (Figure 1). Please note that forensic
scientists must not address propositions, they evaluate their results given these propositions.
In order to rise in the hierarchy, forensic scientists ought to add value using their expertise (i.e.,
forensic knowledge).
Offense level
The highest level is the offense level. The propositions at this level address the issue of whether
a person of interest (POI), such as the defendant, is guilty or innocent of an offense. For
example, the pair of propositions “The defendant raped the complainant” and “The defendant
had consensual sex with the complainant” (Figure 1, row 1) consider whether or not the
defendant is guilty of the offense ‘rape’. Here the issue of interest is not whether the defendant
and the complainant had intercourse, but whether the complainant consented to this sexual act.
In such a case the forensic scientist is unlikely to have information to add value. Possible
information that may inform the issue of consent might be clothing tears or physical injuries
such as bruising.
Activity level
One level below the offense is the activity level. The issue of interest for a pair of activity level
propositions is what activity was performed. This pair is different from offense level
propositions because the activity specified in the prosecution proposition does not necessarily
qualify as an offense. For example, the pair of propositions “The defendant had intercourse
with the complainant” and “The defendant and the complainant only engaged in foreplay”
(Figure 1, row 2) are activity level propositions because they consider the activity ‘intercourse’
(versus ‘foreplay’). Alone, this activity does not qualify as an offense (e.g., ‘rape’) and thus
marks a clear distinction between the activity and the offense levels. However, note that there
are cases where the activity implies an offense: "The suspect fired the gun…", "The suspect
3

forged the signature…".
indistinguishable.

In these cases activity and offense level propositions are

Another point to emphasize in the example with the propositions “The defendant had
intercourse with the complainant” and “The defendant and the complainant only engaged in
foreplay” is that the source of the traces is not in dispute: both parties agree that the semen
(source level) and the DNA (sub-source level) came from the defendant. In this case forensic
scientists should help the court assess activity level propositions. That is if the evaluation of
these findings requires forensic knowledge, they will assess the findings (e.g., where the trace
was found) given the different alleged activities.
Source level
The source level is one level below the activity level. Source level propositions consider the
source of the crime stain, that is, from whom the crime stain comes. In source level
propositions, the crime stain is clearly defined as a particular body fluid, such as blood, saliva
or semen, or as a particular cell type, such as epithelial cells. An example of a pair of source
level propositions is “The semen recovered on the bed sheet came from the defendant” and
“The semen recovered on the bed sheet came from an unknown person” (Figure 1, row 3). In
addition to considering the probability of the DNA profile given each of the possible donors,
one needs to consider here the probability that this DNA profile came from the trace of interest
(i.e., the semen in this example) as opposed to coming from background DNA on the surface
or some other source.
Sub-source level
Finally, advances in DNA typing technology have made it possible to obtain DNA profiles for
latent traces (i.e., invisible to the naked eye), which means that it is no longer always possible
to infer from what body fluid or cell type the DNA came. As a result, the notion of “sub-source
level” propositions was proposed (9). These propositions do not imply any inference on the
body fluid or cell type of the biological trace. For example, the sub-source equivalent of the
pair of source level propositions stated in the previous paragraph is “The DNA recovered from
the bed sheet came from the defendant” and “The DNA recovered from the bed sheet came
from an unknown person” (Figure 1, row 4). These propositions are at the sub-source level
because they do not imply any inference on whether the DNA comes from semen: it could just
as well have come from saliva or epithelial cells.
An essential question is how to choose (or help the prosecution or defense choose) the
appropriate level. We find that the notion of hierarchy of propositions is useful in the sense
that it provides a framework that helps scientists think how they can help and what are the
findings that can be helpful for the court. In the absence of formal propositions given by the
parties, the appropriate level would thus depend on the issue of interest to the court that forensic
science can help with. That is, the pair of propositions that the scientific results can help
distinguish. As a guide, one could suggest, as stated in ((10) @ p. 259):
“The further down the hierarchy the scientist operates the more the responsibility for
interpreting the evidence is transferred to the court or to other experts. It is therefore important
that, if the assessment of the results demands forensic knowledge (e.g., factors such as transfer,
persistence, presence of material for reasons unconnected to the alleged offence), forensic
scientists help the court to the best of their abilities and that they explain clearly what the results
mean.”
Much of the time DNA analysts will be operating at the sub-source level, because they do not
have enough information about the case circumstances (e.g., observations made on the crime
4

scene, object or individual where the crime sample was collected) to help address propositions
at a higher level in the hierarchy. Also one has to consider sub-source level propositions to
assess the value of the DNA profiles whatever the level is in the hierarchy. For these reasons
we will use examples at the sub-source level. In the last section we will discuss two cases where
the sub-source level propositions given by the prosecution and defense both accept the source
of the DNA. In those cases, the parties disagree on the activity that led to the DNA’s presence,
and to interpret the findings, one has to consider activity level propositions.

Figure 1: The four levels of the hierarchy of propositions. The arrows indicate the additional
information needed to rise from one level to the next.
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Should propositions be assigned before the evidence is observed?
Considerable concerns have been voiced about the biasing effect of seeing the analytical results
before formulating the propositions. It is therefore highly beneficial to think through
propositions before a comparison to the complainant or POI, whichever is probative.
For example, imagine that a high vaginal swab is examined and found to be a two-person
mixture. The presence of the complainant would be expected and unsurprising. No harm will
accrue by examining the profile of the complainant because we assume the contribution of the
complainant under both the prosecution and the defense proposition. Let us imagine that the
profile supports the presence of the complainant. This only confirms our preliminary
assumption. The scientist would now be in a position to form the pair of competing propositions
and as yet has not examined the profile of the POI.
A useful distinction is drawn between investigative and evaluative analysis (8). During the
investigative phase propositions are explored that are suggested by the observations. During
the evaluative phase the value of the observations is assigned with regard to a given pair of
propositions.
Assigning propositions when there is one person of interest
The case of a single source DNA trace is straightforward, and we refer the reader to the subsource pair of propositions in Figure 1 for an example. The case of mixtures is less
straightforward. A typical example of a mixture with one person of interest is a two-person
mixture where the prosecution’s proposition is:
Hp: The DNA came from the complainant C and the person of interest POI.
The assignment of a prosecution proposition is often not a problem, but it is most often the case
that the scientist does not know the position that defense will take at court. In this case the
defense’s proposition could be any of the following:
Hd1: The DNA came from C and an unknown person U
Hd2: The DNA came from POI and an unknown person U
Hd3: The DNA came from two unknown people U1 and U2.
To choose which of these propositions to use as an alternative, we need to consider the
circumstances of the case. Relevant case information includes answers to the following
questions:
1. From where was the crime stain collected?
2. If it was collected on an object, does this object belong to either C or POI?
3. Should we expect to find the DNA of either C or POI in this trace?
The first defense proposition, Hd1, is appropriate whenever the crime stain is taken from the
complainant C, or from an object (or in a location) associated with C so that we expect to find
C’s DNA on it regardless of whether the prosecution’s or the defense’s position is true. The
second defense proposition, Hd2, is appropriate whenever the crime stain is taken from the
person of interest POI, or from an object (or in a location) associated with POI so that we expect
to find POI’s DNA on it regardless of whether the prosecution’s or the defense’s position is
true.
Assigning propositions when there is ambiguity in the defense proposition
When the crime stain is recovered on an object or in a location that is associated with neither
C nor POI, exonerations may be implied by any of Hd1…Hd3. It may be very difficult to
6

determine which proposition to use on behalf of the defense. This is one of the situations that
may cause the most difficulty. In an adversarial environment the defense regularly decline to
state a position and even more rarely do so in advance. The full assessment of the weight of
evidence takes into account all possible defense propositions (11):
𝑃𝑟(𝐸|𝐻𝑝 ,𝐼)
3
∑𝑖=1 𝑃𝑟(𝐸|𝐻𝑑𝑖 )𝑃𝑟(𝐻𝑑𝑖 |𝐻𝑑 ,𝐼)

(2)

where 𝑃𝑟(𝐻𝑑𝑖 |𝐻𝑑 , 𝐼) is the weight of the 𝑖’th defense proposition given that the defense’s
position is true. The terms 𝑃𝑟(𝐻𝑑𝑖 |𝐻𝑑 , 𝐼) are unlikely to be available.
To avoid this development of the weight of evidence (Eq. 2), it is the widespread practice
(though often unconsciously so) to adopt a “proxy” proposition that is no more than a
provisional representation of the defense position. If the scientist chooses this approach, he/she
should always make this clear and state a willingness to consider whatever alternative position
defense may take at trial.
Further, it can be shown that for any defense proposition Hdi:
𝑃𝑟(𝐸|𝐻𝑝 )

𝐿𝑅 ≥ 𝑚𝑎𝑥 𝑃𝑟(𝐸|𝐻
𝑖

𝑑𝑖 )

(3)

This states that the LR is minimized when the defense proposition is chosen that maximizes the
probability of the DNA results. A suggested phrasing in the statement for this might be:
“I have considered the propositions that the DNA came from C and POI against the
propositions that either C is not, or POI is not, or neither are donors to the DNA. The LR is at
least x no matter which of these propositions is chosen for the defense. Should any of the
information be incorrect or any further information become available (in particular if there is a
change in propositions), it will be necessary for me to reconsider my interpretation.”
In the case of multiple possibilities for the defense proposition the defense is unlikely to have
the scientific knowledge to inform themselves. A way forward would be to spell out the
consequences of each choice. Since it is rare that this will be done before the issuance of a
statement we would suggest that this could be done by providing an appendix in the statement
that outlined the LR for the different choices. These multiple LRs would be investigative. Once
one has been selected by the defense, in all probability at trial, then this LR becomes evaluative.
The provision of three LRs for three defense propositions invites “proposition shopping” from
the defense. From an adversarial standpoint this is acceptable. The defense are entitled to
choose their best defense and those scientists appearing for the prosecution see it as their duty
to inform the defense of scientific matters that may be in their interests.
Table 1 gives a summary of these ideas, and the four examples below show how one can apply
them to casework. We start with some simple examples. It is often suggested, quite correctly,
that casework is not always simple. It is certainly possible to find situations where the
principles exposed by simple examples confront each other and selection is not obvious. We
explore some of these in examples 3 and 4.
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Table 1: The formulation of a pair of sub-source level propositions in a two-person mixture
case with one person of interest POI.
“The DNA came from…”
𝐻𝑝
if the crime stain was
recovered from C:
if the crime stain was
recovered from POI:
“…the
complainant
C and the
if the crime stain was not
person of
recovered from C, nor POI,
interest
and there is no information
POI.”
attributing the stain to C or
POI:

𝐻𝑑
“…C and an unknown person U.”
“…POI and an unknown person U.”
“…C and an unknown person U.”
“…POI and an unknown person U.”
“…two unknown people U1 and U2.”
(If 𝐻𝑑 is not specified by the defense, either
assign an LR that weighs the different
possibilities in its denominator (eq 2 or 3), or
choose the most plausible one and clearly state
the assumption made.)

Example 1. Imagine that the sample is a vaginal swab taken from the complainant, C. The
profile is a two-person mixture and the complainant’s DNA is supported as being present.
It seems a reasonable assumption that any DNA components matching C have indeed come
from her. That assumption should be stated in the scientist’s report and is rightfully open to
challenge down the line. However there is no advantage to the defense to debate the presence
of C: it is the presence of POI which is under question. Therefore the propositions “The DNA
came from C and POI” and “The DNA came from C and an unknown person U” are perfectly
reasonable for the prosecution and defense propositions, respectively.
Example 2. Next, imagine that the DNA sample was taken from a shirt belonging to the person
of interest, POI. The profile is a two-person mixture and DNA from the POI is supported as
being present.
Again it seems a reasonable assumption that the DNA components matching POI have indeed
come from the person of interest. Therefore the propositions “The DNA came from C and
POI” and the “DNA came from POI and U” are perfectly reasonable.
Example 3. Let us consider that the sample is from an object, for example a cloth, neither
associated with the complainant nor the person of interest. Further let us assume that there is
absolutely no other information that could guide us such as evidence that the cloth was taken
from the complainant’s house. We assume we are examining this cloth for some reason and
the only logical one is that the prosecution suspects it is involved with the crime. Imagine that
it is a two-person mixture.
It seems likely the prosecution will assert that the DNA is from C and POI. Exoneration could
follow if any of the propositions below were true:
Hd1: The DNA came from C and an unknown person U,
Hd2: The DNA came from POI and an unknown person U,
Hd3: The DNA came from two unknown people U1 and U2.
The defense therefore has a right to any of Hd1…Hd3. A pragmatic approach to the uncertainty
might be to calculate the LR for all three and report the lowest, and in the absence of any
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emergent evidence to guide the decision that is our recommendation. The lowest will almost
never be for Hd3. This approach is consistent with the inequality in equation 3.
Example 4. The complainant states that she was assaulted while jogging along a path and
raped. She states that the assailant used a scrap of fabric with which he cleaned up. A scrap of
fabric was found at the scene that is semen positive. The complainant identifies POI as her
assailant. DNA profiling produces a two-person mixture. A person of interest is asked to
provide a DNA sample. He makes no comment when interviewed.
The prosecution proposition is quite straightforward.
Hp: The DNA came from C and POI.
The difficulty in this case comes, as usual, with Hd. The defense appears to have three options.
Hd1: The DNA came from C and U (leading to LR1),
Hd2: The DNA came from POI and U (leading to LR2), and
Hd3: The DNA came from U1 and U2 (leading to LR3).
This is an example where we can find a point where the principles become very hard to
implement. It is the decision of which proposition most suits the defense but is still consistent
with innocence that is difficult. It would be best, but unlikely, for the defense to choose one.
In our experience the more likely response is that nothing is conceded: the defense position is
simply that the complainant is wrong. This is, of course, their right.
Of the three options, we feel that LR2 does the defense the least good. It carries with it an
admission that POI was in the area. LR1 admits at least part of the complainant’s story (i.e.,
that the complainant’s DNA is on the cloth). However this is close to admitting the already
proven. At this point we have her testimony and a DNA profile supporting the statement that a
cloth potentially bearing her and the assailant’s DNA was deposited here. We are confident
that rational scientists might split between LR1 and LR3. If this is so then defense attorneys
might also split between these.
We find this a good place to reproduce a triangle attributable to John Buckleton that highlights
the compromises present in court writing and testimony.

Figure 2: A triangle attributable to John Buckleton illustrating the goals and compromises made
when communicating with the court. The three goals are truthfulness, candor and
comprehensibility. The triangle shows that pursuing one of them requires sacrificing the others.
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It suggests that the goals of any communication with the court should be truthfulness, candor
and comprehensibility. However the pursuit of candor often requires the sacrifice of
comprehensibility and vice versa. Example 4 highlights this tension. That full disclosure of
every detail reduces comprehensibility is obvious but the recognition of this was valuable to us
when considering how to phrase some matters. We find that most differences of opinion within
or between laboratories arise from different decisions about these compromises. The inclusion
of all three LRs in a statement with their associated sets of propositions will lengthen the
statement and lower the chance of comprehension. Picking one over the others means the
scientists are making decisions on behalf of the defense that are not straightforward.
In the case under discussion we suggest allowing the scientist's best judgment between LR1 and
LR3. To encourage discussion with the defense we suggest that all three LRs and the associated
propositions be placed in an appendix accepting the fact that this lengthens the report.
Again in our experience the defense will like the smaller number no matter what concessions
this involves.
Assigning propositions when there are multiple individuals of interest
Another situation where setting propositions needs considerable thought is when there are
multiple individuals of interest. We distinguish between two situations:
1. The prosecution considers each of the multiple individuals of interest separately as a
contributor,
or
2. The prosecution considers the multiple individuals of interest together as the
contributors.
We discuss each of these below and give a summary in Table 2.
Considering the individuals of interest separately (POI1 or POI2)
This is the case of a two-contributor stain where the prosecution allegation is that either POI1
or POI2 is a contributor, so that we have two prosecution propositions:
Hp1: The DNA came from POI1 and an unknown person U,
Hp2: The DNA came from POI2 and an unknown person U,
and one defense proposition:
Hd: The DNA came from two unknown people U1 and U2.
Let Hp1 lead to LR1 and Hp2 lead to LR2. We would suggest that both of these be reported.
However, in the event of both LR1 and LR2 being large, we suggest that the analysis should be
repeated using the “POI1 and POI2” pairs of propositions described below.
Considering the individuals of interest together (POI1 and POI2)
This is the case of a two-contributor stain where the prosecution allegation is that both person
of interest POI1 and person of interest POI2 are contributors:
Hp: The DNA came from POI1 and POI2.
In this case, any issue arises when we consider Hd. There are three possibilities:
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Hd1: The DNA came from POI2 and an unknown person U (leading to LR3),
Hd2: The DNA came from POI1 and an unknown person U (leading to LR4), and
Hd3: The DNA came from two unknown people U1 and U2 (leading to LR5).
We suggest that all three will be needed (but not necessarily reported). Here LR3 measures the
weight of the evidence in support of person of interest POI1 being a contributor, given the
assumption that POI2 is the other contributor, and LR4 the weight of the evidence in support of
person of interest POI2 being a contributor, given the assumption that POI1 is a
contributor. These are the values we would suggest might be reported as the individual weights
of the evidence in support of the contribution of each person of interest if the case
circumstances and the defense’s position render Hd1 and Hd2 plausible.
However, we could imagine that in some cases the circumstances may make it impossible for
POI1 to concede the presence of POI2 and vice versa. For example if the defense proposition
is that POI1 and POI2 were at a football game together at the time of the crime. In such a case
the propositions should be Hp and Hd3, leading to LR5.
Table 2: The formulation of a pair of sub-source level propositions in a two-person mixture
case with two individuals of interest POI1 and POI2.
“The DNA came from…”
𝐻𝑝
“…the person of
interest POI1 and an
unknown person U.”
OR
“…the person of
interest POI2 and an
unknown person U.”

𝐻𝑑
“…two unknown
people U1 and U2.”
“…POI2 and an
unknown person U.”

AND

“…the individuals of
interest POI1 and
POI2.”

“…POI1 and an
unknown person U.”
“…two unknown
people U1 and U2.”

LR1 is a measure of the weight of
evidence in support of POI1 being one of
the contributors.
LR2 is a measure of the weight of
evidence in support of POI2 being one of
the contributors.
LR3 is a measure of the weight of
evidence in support of POI1 being one of
the contributors, assuming POI2 is the
other contributor.
LR4 is a measure of the weight of
evidence in support of POI2 being one of
the contributors, assuming POI1 is the
other contributor.
LR5 is a measure of the weight of
evidence in support of the pair of
individuals POI1 and POI2 being the two
contributors.

Under either of the situations given above, it is possible that the defense nominate Hd. For example, “. . .person
X and an unknown person U” could replace “. . .two unknown people U 1 and U2”.

Practical implementation
When considering “POI1 and POI2” situations, we have noted a tendency to use the sets:
Hp1: The DNA came from POI1 and an unknown person U,
Hd3: The DNA came from two unknown people U1 and U2 (leading to LR1),
and
Hp2: The DNA came from POI2 and an unknown person U,
Hd3: The DNA came from two unknown people U1 and U2 (leading to LR2),
11

instead of the set:
Hp: The DNA came from POI1 and POI2,
Hd3: The DNA came from two unknown people U1 and U2 (leading to LR5).
In our opinion, the first two sets (LR1 and LR2) are useful for a preliminary examination in this
case. Yet the prosecution proposition in this case is clear: it is that both POI1 and POI2 are
donors. So this proposition must be tested prior to court by obtaining a value for LR5.
In this type of case, we could envisage some significant risk in presenting only LR1 and LR2.
It is possible that LR1 and LR2 each have a high value, and yet we obtain a low value or 0 for
LR5. This would suggest that the DNA typing results of the mixture support either POI1 or
POI2 being a donor, but do not support POI1 and POI2 being the two donors together. This
would obviously introduce questions about the validity of Hp. It is likely that this is vital
information for a court and the scientist should report it.
Again, we recommend that the reported LR should be the one for the propositions that best
describe the standpoints of prosecution and defense. We also note that the more known
contributors there are, the fewer possibilities there are for the genotypes of the unknown
contributor(s). This leads to two consequences: (i) fewer false inclusions of possible
contributors to the mixture (i.e., the candidates not having a genotype in this restrained set of
possibilities), and (ii) higher LR values for those candidates having a genotype in this restrained
set of possibilities.
Should the number of unknowns under Hd always be one more than under Hp?
There is no need for the number of unknowns under the defense proposition to be one more
than under the prosecution proposition. Consider the following examples.
Example 5. In a multiple homicide four people, D1, …, D4, are killed. A blood stain is
recovered from the address of the person of interest. This stain appears to arise from four
contributors. The prosecution proposition would be:
Hp: The stain arises from D1, …, D4.
It is likely that defense cannot meaningfully accept the presence of any of the deceased in the
stain. Hence we would suggest:
Hd: The stain arises from U1, …, U4.
Clearly the difference in the number of unknowns between the two propositions is four.
Example 6. A woman, C, attends a party at a gang house which is next door to her own house.
She states that she was raped by POI in her own bed the following morning. POI states that he
had consensual sex with her on his bed and then more consensual sex with her in her bed the
next morning. A stain is analyzed from the sheet of POI’s bed. This can be explained as a
mixture of three contributors. We know that A is the usual partner of POI. This would suggest
the following pair of propositions:
Hp: The DNA on the sheet of POI’s bed comes from POI, A, and an unknown person,
Hd: The DNA on the sheet of POI’s bed comes from POI, A, and C.
In this example there is actually one fewer unknown under Hd, because the defense claims the
presence of C’s DNA in the mixture, whereas the prosecution denies the presence of C’s DNA
in the mixture.
Relatives
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The Bayesian approach is suitable even if the individuals of interest or the person of interest
and complainant are related. We could envisage two situations:
1. The known individuals are related and have been genotyped, or
2. One, or more, of the postulated unknown individuals is related to the genotyped
individuals.
In either case the Bayesian approach is suitable and has considerable advantages.
The issue of relatedness applies only to the probability of the genotype of an unknown person.
If the individuals are genotyped then the probability of their genotype is 1 no matter to whom
they are related. Therefore if the known individuals are genotyped the issue of relatedness has
no effect. Consider the following examples.
Example 7. The complainant, C, states that she was raped by her uncle, POI. Both are
genotyped. A high vaginal swab was obtained and it produced a two-person mixture that may
be explained by C and one other person.
Suitable propositions are:
Hp: The DNA came from C and POI,
Hd: The DNA came from C and an unknown person U.
The only genotype probability we will need is the probability that the unknown person has
genotype GU given the information about the genotypes of POI and C, GPOI and GC:
Pr(GU|GPOI,GC, Hd). If U is unrelated to C and POI then there is no effect of relatedness
although there may be a minor effect via co-ancestry if it is postulated that U, C, and POI,
although unrelated, come from the same subpopulation (12).
Example 8. The complainant, C, states that she was raped by a family friend, POI, at a
gathering. Both are genotyped. A high vaginal swab was obtained and it produced a twoperson mixture that may be explained by C and one other person. The defense suggests that it
was not POI but his natural brother B, who was also at the gathering, who raped POI. B
declined to be genotyped.
Suitable propositions are:
Hp: The DNA came from C and POI,
Hd: The DNA came from C and B.
The genotype probability we will need is the probability that B has genotype GB given the
information about the genotypes of POI and C, GPOI and GC: Pr(GB|GPOI,GC, Hd). There are
readily available formulae for this problem (5, 13, 14) and the fact of relatedness between B
and POI significantly affects the calculation. However it is easily incorporated into the
Bayesian framework (15).
The transition from sub-source to activity
In routine DNA analysis the propositions addressed will typically be at sub-source level. The
evaluation of these results will be reported as a match probability or preferably an LR. In our
experience this may be referred to as “the number” by prosecutor and defense attorney. This
practice breaks the connection between the LR and the propositions, and this is regrettable. Our
experience is that discussion in court then very likely evolves to activity level, yet there is no
direct relationship between the LR at sub-source level and one at activity level.
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In practice the most likely line of questioning concedes the source of the DNA and asks about
mechanisms of transfer and persistence. If both parties agree that the DNA came from the
accused then the LR at sub-source level is no longer relevant. In this case, it is the activity that
caused the transfer of the DNA that makes the defense proposition different from the
prosecution proposition (we refer the reader to the section The hierarchy of propositions for an
explanation on activity level propositions). The relevant information in E is no longer the
trace’s intrinsic characteristics (i.e., the alleles present in the DNA trace) but the trace’s
extrinsic characteristics, such as the quantity, quality and location of the recovered trace
material:
1. The quantity of material provides information about the type of activity that caused the
transfer. It is useful for differentiating between two activities where one activity
transfers a large amount of DNA and the other a small amount. If there is information
on the conditions and actions to which the trace was subject, then it may also provide
information on the amount of time that has elapsed since the transfer.
2. The quality, for example a fresh stain versus an old stain, may help the court decide on
issues such as the time elapsed since the transfer and/or the conditions it was subject to
after the transfer. It is useful for differentiating between two activities performed at
different times and separated by a large lapse of time.
3. The location provides information about the type of activity performed and can help
differentiate between activities that would leave a trace at different locations.
It is important that analysts are prepared for the transition from sub-source to activity level.
We would suggest that useful tools are an understanding of the hierarchy of propositions as
this allows the analyst to recognize the shift in propositions. A comprehensive study of transfer
and persistence of DNA is vital for reporting scientists in order to help address activity level
issues. The following two examples illustrate how consideration of a pair of sub-source level
propositions can progress to a pair of activity level propositions when the issue of interest to
the court becomes one about what activity was performed.
Example 9. The complainant states that she was raped at her home by POI after a drunken
party. No statement is available from the defense at the time of analysis. The reporting officer
proceeds with the propositions:
Hp sub-source: The DNA came from POI (or C and POI if it is a mixture),
Hd sub-source: The DNA came from U (or C and U if it is a mixture).
POI matches the DNA from the complainant’s cervical swab. The reporting officer assigns
and reports an LRsub-source=109.
At trial, the defense said that POI had previously masturbated and cleaned up with the last of
the toilet paper on the roll and threw it in a trash can next to the toilet. Defense suggest that C
used the toilet, realized there was no toilet paper on the roll, so she must have reached into the
trash and used that toilet paper. This now suggests that activity level propositions are being
considered. In our experience this is a very common transition. That is, from a report at subsource to questions at trial at activity level, the pair of propositions becomes:
Hp activity: POI had intercourse with C,
Hd activity: POI masturbated, cleaned up with the toilet paper, and C wiped using the toilet paper.
This requires a different body of knowledge. What is required here is an understanding of the
probability of transfer of the observed amount of DNA by the mechanisms described:
intercourse and transfer from toilet paper. The initial LRsub-source is now redundant. Both parties
are accepting that the DNA came from POI (or POI and C). Now we require:
14

𝐿𝑅activity =

𝑃𝑟(𝐸|𝐻𝑝 activity , 𝐼)
𝑃𝑟(𝐸|𝐻𝑑 activity , 𝐼)

.

It is probably quite difficult to assign numerical probabilities to the terms in the numerator and
denominator; however it might be quite reasonable to state that the probability of a strong signal
in the DNA profile and the presence of sperm in a cervical swab is much higher given
intercourse than given contamination via toilet paper.
Example 10. The complainant states that she was digitally penetrated by an assailant whom
she identifies as POI after a night of bar-hopping and clubbing. Subsequently POI put her into
a taxi to send her home. POI states that he went back to the clubs. A DNA mixture is obtained
from under the fingernails of POI. There are two minor alleles that match POI and a strong
major component that may be explained by C. The reporting officer assigns an LRsub-source =
109 for the pair of propositions:
Hp sub-source: The DNA came from POI and C,
Hd sub-source: The DNA came from POI and U.
At trial the defense claim that the DNA resulted from transfer whilst POI walked C out to the
taxi with his hands on her bare arms and shoulders to keep her from falling. This suggests the
following propositions at the activity level:
Hp activity: POI digitally penetrated C, and held C’s bare arms and shoulders with his hands
while walking C to a taxi,
Hd activity: POI held C’s bare arms and shoulders with his hands while walking C to a taxi.
Pr (𝐸|𝐻

,𝐼)

Again we require Pr (𝐸|𝐻𝑝 𝑎𝑐𝑡𝑖𝑣𝑖𝑡𝑦 ,𝐼). As in Example 9 above, it may be difficult to quantify this
𝑑 𝑎𝑐𝑡𝑖𝑣𝑖𝑡𝑦

LR. Relevant considerations would include the observation that the DNA was a two person
mixture that may be explained by C and POI. There was no other DNA present. C is the very
strong major. Knowledge of transfer and persistence of DNA by casual contact and by digital
penetration is the key to assigning the probabilities. We could be confident that this evidence
is more probable if digital penetration had occurred than if casual contact alone had occurred.
Please note that even when stating a non-numerical LR such as this, it is important to state the
probability of the findings given the two propositions, rather than the other way around. The
statement “It is more probable that digital penetration occurred rather than casual contact alone
given these DNA results” is known as the fallacy of the transposed conditional (16) and should
be avoided.
We add a cautionary note about uninformed speculation. It is important when a non-numerical
assignment of probability is given that we ensure that it has some sound scientific foundation.
The risks of this have been elegantly debated by Gill (17).
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Conclusions
In this note we provide a set of guidelines, explanations and examples for helping to formulate
pair of propositions required for assigning an LR for DNA typing results. We have shown how
the choice of these propositions depends on the case information and the allegations of each of
the parties. This dependence is unavoidable for the forensic scientist to be able to accomplish
his/her duty of presenting what the DNA results mean with regard to the issue of interest to the
court.
We realize that choosing the most adequate pair of propositions can be challenging for the
forensic scientist because it requires many pieces of information, and the scientist may not have
all of these pieces. We suggest (as we have done in some of the examples in this note) that a
reasonable way for handling these cases is to: (i) open a discussion with the defense, likely to
actually take place in court, by assigning an LR given plausible propositions and underline
one’s willingness to consider other propositions should the ones considered be inadequate, or
(ii) state, in the body of the report, the smallest of these LR values if based on the available
information where multiple pairs of propositions are plausible. The most important factor is
for the scientist to remain transparent and clear about what propositions and assumptions lie
behind the presented LR value(s).
Finally, we also recognize that real cases can involve more complex issues than those described
in this note (e.g., being uncertain about the number of contributors, not knowing how to
combine the results of several traces, or not knowing how additional variables, such as
probabilities of transfer and persistence, will affect the value of the LR). We advocate
considerable restraint in these areas. There are certain profiles or situations where there is so
much uncertainty that attempting an interpretation may be significantly hazardous. For
example mixed profiles where the number of contributors is greater than four should, at least
at time of writing, be considered very complex. The need to formalize one’s propositions to
create an LR may act as a beneficial restraint. If it is simply not possible to form propositions
then maybe the situation is beyond interpretation.
For issues on more advanced topics, we can recommend education (18) and tools such as
Bayesian networks as a slightly more advanced topic (18-24).
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