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! The Scientific Working Group on DNA Analysis (SWGDAM; see SWGDAM.org) is comprised of
forensic science practitioners and other experts who represent government laboratories within the U.S and
Canada, as well as intra- and international professional groups and academia. SWGDAM recommends to
the FBI Director revisions to the Quality Assurance Standards for Forensic DNA Testing Laboratories
and the Quality Assurance Standards for DNA Databasing Laboratories (QAS). SWGDAM provides a
forum for its members and invited guests to discuss research, technologies, techniques, and training; and
to conduct or recommend studies to develop, test, and validate methods for use by forensic laboratories.
SWGDAM'’s Guidelines and Recommendations represent best practices within the discipline. The term
“should” is used herein to indicate good practices identified by SWGDAM. “Shall” distinguishes
mandatory elements, which may be specified in the Quality Assurance Standards for Forensic DNA
Testing Laboratories and/or Quality Assurance Standards for DNA Databasing Laboratories.

2 Corrected (April 30, 2025), at p. 2 93 to include a sentence previously approved by the Executive Board
but omitted from original final publication. This version constitutes the whole of the document as of the

corrected date.
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SWGDAM GUIDELINES FOR REPORTING LIKELIHOOD RATIOS

The Scientific Working Group on DNA Analysis Methods (SWGDAM) Working Group for
reporting of likelihood ratios (LRs) was reconvened for the purposes of reviewing and updating
the previously published recommendations. This group was again composed of experts in the
application of statistical principles to forensic evidence and forensic practitioners with expertise
in the interpretation of mixed DNA specimens and probabilistic genotyping (PG).

The current document provides updates and additional information with regards to the original
published recommendations. Some of this additional information came from the Forensic
Technology Center of Excellence webinar, provided in 2018 when the original recommendations
were published.

The purpose of these guidelines is to promote consistency among laboratories when reporting the
results of direct comparisons of evidentiary and reference profiles. These guidelines apply to LRs
derived from probabilistic and binary interpretation approaches, as well as kinship analyses.
These recommendations are not intended to be applied to LRs calculated for 1) establishing a
conditioning profile, 2) data determined by the laboratory to be unsuitable for comparisons (i.e.,
profiles or components of profiles), or 3) familial and other database searching.

This document was accepted by the membership of SWGDAM, received approval of the
Executive Board of SWGDAM on April 7™, 2025, and is not intended to be applied
retroactively. This document supersedes the previously published recommendations.

1. REPORTING OF QUANTITATIVE AND QUALITATIVE STATEMENTS TO
CONVEY LIKELIHOOD RATIOS

1.1: The numerical value for an LR shall be reported as a quantitative estimate of statistical
weight, whether it supports the first proposition (referred to as HI in this document; often
thought of as the prosecutor’s proposition) or alternative proposition (referred to as H2 in this
document; often thought of as the defense proposition), with the exception of results deemed
exclusionary as discussed in Guideline 2.1.

LRs >1 indicate greater support for the H1 proposition than for the H2 proposition. LRs <1 may
be reported as the reciprocal of the LR to indicate the degree of support for H2 relative to H1. In
this manner, an LR of 0.01 (1/100), for example, would reflect that the DNA evidence is 100
times more likely if it originated from an unknown, unrelated individual (H2) than if it originated
from the person of interest (H1).

1.1.1 LRs exist in distributions, and no calculated LR value can be assumed to be the true LR
for a particular comparison. Several ways of reporting LRs are valid, although the options
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available to the laboratory will be limited by the capabilities of the software being used. To
ensure transparency the laboratory must disclose the reporting option used (e.g., in a report
appendix) and the value(s) (e.g., lowest) being reported. All calculated values must be
retained in the case record.

1.1.1.1 Reporting point estimate LR(s) for one or multiple populations: report calculated
LRs for all population groups, or if reporting a single value, the laboratory should generally
choose the single lowest value from all populations.

1.1.1.2 Reporting one-sided interval(s) of LR distributions (e.g., 95 or 99% lower HPD?)
for one or multiple populations: report calculated one-sided intervals for all population
groups, or if reporting a single value, the laboratory should generally choose the single
lowest value from all populations.

1.1.1.3 Reporting two-sided interval(s) of LR distributions (e.g., 95 or 99% interval) for
one or multiple populations: report the upper and lower values of the chosen (e.g., 99%)
interval for all population groups, or if reporting a single interval, report the upper and
lower values from a single population’s interval, generally the one with the lowest lower
bound.

1.1.1.4 Stratified or unified LRs may be reported, but the underlying assumptions (i.e.,
population data, or average number of children) for those calculations must be included in
the case record.

1.1.1.5 Reporting LRs from multiple analyses of the same data using different seeds under
the same parameters: report calculated LRs for all population groups for all analyses, or
and reporting a single value, the laboratory should generally choose the single lowest value
from all analyses.

1.1.1.6 Reporting LRs from multiple analyses using different propositions, e.g., NOC, will
be dependent upon the case scenario and laboratory policies. Laboratories should have
procedures that guide which LR(s) to report.

Note that SWGDAM does not recommend reporting a single LR value closest to 1 among
population groups when it is not the lowest. For example, if LRs among population groups are
4.0, 1.0, and 0.10 (i.e., 1/10), in cases where the lab only reports one LR, the LR of 0.10 should
be reported.

Reporting a single LR value closest to 1:

e Ignores potentially exculpatory LR values;

3 HPD = Highest posterior density
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e May understate the exclusionary support for non-contributors when using population
groups disparate from the sources of DNA in the evidence samples (see Rohlfs RV,
Fullerton SM, Weir BS (2012)); and

e Could be mistaken as an upper bound of the LR for values below 1.

1.1.2 As a matter of policy, a laboratory may establish an LR cap (i.e., set an upper bound on
reported LR values).

1.1.2.1 If a laboratory elects to cap the value(s) of reported LRs, it is recommended a cap
not be less than one trillion (10'?).

1.1.2.2 If an LR cap is employed, the calculated LR values must be maintained in the case
record.

1.1.2.3 Laboratories employing a cap should take care that the cap value not be
misinterpreted as an identity threshold (e.g., source attribution), or a threshold above which
any association is definitive.

1.2: A qualitative (verbal) statement that conveys the degree of support indicated by the results
may be reported in addition to the numerical value for the LR. The qualitative statement, if
provided, should be reported in accordance with the verbal scale provided herein.

LRs are not probabilities, nor are they frequencies, and they may be difficult to conceptualize for
lay people. To aid the court or other laypersons in understanding evidential strength, Ian Evett
(1987) suggested a scale of verbal qualifiers to convey the degree of support for a given
proposition, providing context to the magnitude of the LR. The scale categorizes LR values as
limited, moderate, strong, and very strong in support of one proposition relative to an alternative
proposition. The use of a verbal scale is supported across various disciplines of forensic science
and has been adopted by the Association of Forensic Science Providers (AFSP, 2009) and the
European Network of Forensic Science Institutes (ENFSI, 2015).

There are many published and unpublished verbal scales in use that SWGDAM considered in
making these guidelines. Verbal scales are conventions that arise through a consensus process; a
single verbal scale promotes the use of the same language for the same numerical values within
and across jurisdictions. When used in reports and testimony by forensic analysts within and
among different laboratories, the use of the same verbal scale promotes a consistent
representation of evidential weight.
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Table 1. Scale of verbal qualifiers for reporting LRs

LR for HI Support and 1/LR for H2 Support | Verbal Qualifier

1 Uninformative
2-<100 Limited Support

100 — <10,000 Moderate Support
10,000 — <1,000,000 Strong Support
>1,000,000 Very Strong Support

LR results may be reported using the following quantitative and qualitative statements
demonstrating application of the SWGDAM verbal scale, as exemplified for a two-person
mixture:

The DNA typing results for Item 1 are 23 billion times more likely if they originated from
SMITH and an unknown, unrelated individual than if they originated from two unknown,
unrelated individuals. The results provide very strong support for the proposition that
SMITH is a contributor to the DNA obtained from Item I rather than the alternate
proposition.

1.2.1 If a verbal qualifier is reported, the laboratory report should include the entire scale for
purposes of providing context to any numerical value and may include an explanation of the
scale, such as follows:

When the probability of the DNA results is the same given both propositions, this results
in an LR of 1, which is qualified as "uninformative". This means that the results do not
support one proposition over the other, and therefore they do not help distinguish
between the propositions considered. As LRs increase in magnitude, the scale reflects
stronger degrees of support. LRs occur on a continuum; the categories recommended
here have been chosen in part based on the observation that adventitious support for a
proposition (e.g., LR >1 for an individual whose DNA is not present in the sample; or LR
<[ for an individual whose DNA is present in the sample) is most commonly observed
within the Limited Support category and generally not expected within the Very Strong
Support category.

1.2.2 Additional context (e.g., text or images) should be provided whenever results fall into the
“limited support” range.

A phenomenon termed the “weak evidence effect” has been described in the literature (Martire et
al., 2013). It has been observed that the recipient of verbal scale information may interpret “weak
evidence” for one proposition to mean “strong evidence” for the alternate proposition. In the
Martire study, this appeared to be directional, where weakly inculpatory evidence was seen as
strongly exculpatory. For this and other reasons, SWGDAM’s verbal qualifier scale (Table 1)
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replaces the term “weak” with “limited.” This change alone may not correct the misconception.
Such text could alert readers to the issue and emphasize the true meaning by tying the support
statement back to the LR (see also Guidance Note 4 of ENFSI 2015). For example:

The use of the phrase ‘limited support’ for one proposition does not indicate or imply
that the results provide more support for the alternate proposition. The results still
provide more support for the first proposition than the alternate proposition.

1.2.3 The verbal qualifier should not be communicated without a numerical value for the LR.

1.3: Qualifiers other than a verbal scale may be used to provide context for LRs in addition to the
numerical value of the LR. The following are examples:

e Turing’s rule (P(LR > x|H2 true) < 1/x) states that the rate of non-contributor profiles that
would be expected to provide LRs the same magnitude (or greater) as that of a tested
individual is at most the reciprocal of the LR. For example, if an LR for a person of
interest (POI) was calculated to be 1000, it would be expected that at most one in a
thousand unrelated non-contributors would have an LR of the same magnitude or greater
(i.e.,>1000).

e H2-True testing (i.e., non-contributor testing) provides an interpretation-specific
distribution of LRs for non-contributors. Similar to Turing’s rule, this can be used to
determine the proportion of non-contributor LRs that would be the same magnitude, or
greater, as that of a tested individual. H2-True testing of a particular evidence profile
interpretation involves using non-contributor profiles as the person of interest (POInc) in
the calculation of LRs. POInc profiles are typically created in silico in proportion to allele
frequencies in a relevant database. The distribution of LRs obtained from a large number
of H2-True tests can provide context to the LR for the POI in relation to LRs for people
known not to be contributors to the evidence.

e HI-True testing (i.e., true-contributor testing) provides an interpretation-specific
distribution of LRs for possible contributor profiles as the person of interest (POlpc) in
the calculation of LRs. POlrc profiles are typically created in silico using genotypes that
have been determined to potentially contribute to a sample through use of a probabilistic
genotyping system. The distribution of expected LRs obtained from a large number of
H1-True tests can provide context to the LR for the POI in relation to LRs from profiles
that could fit as contributors to the evidence.

These distributions do not replace the LRs reported for the POI(s), nor are they intended to create
a determination that an LR outside 1 is uninformative. Interpretation-specific Hl1-True and H2-
True testing can, however, provide context on whether the LR of the POI falls within the typical
range for possible contributors.
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(Figure A), non-contributors (Figure B), both (Figure C), or neither (Figure D).

Turing’s rule and H2-True or H1-True tests speak to the expectations of the scientist about the
data producing an LR of a certain value. They also relate directly to the propositions used in the
calculated LR. For example, if the H2 proposition of the original interpretation included a single
unrelated, unknown individual, the statement applying Turing’s rule would apply to the rate of
unrelated non-contributors expected to produce an LR of the same, or greater, magnitude as the
POI. Alternatively, if the H2 proposition of the original interpretation included a single untested
sibling of the POI, the statement applying Turing’s rule would apply to the rate of non-
contributing siblings expected to produce an LR of the same, or greater, magnitude as the POI.

2. REPORTING AN EXCLUSION BASED ON LIKELIHOOD RATIOS THAT
SUPPORT THE ALTERNATE PROPOSITION

2.1: As a matter of policy, a laboratory may establish an LR value below which an individual
may be reported as excluded as a possible contributor to the DNA results without reporting the
LR value that supports exclusion.

2.1.1 If a laboratory chooses to establish a threshold for reporting exclusions, this value should
be at most 1/100. This ensures that any reported “exclusion” falls outside the limited support
range of the verbal scale.
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2.1.2 While the LR need not be communicated in a report regarding the decision to exclude, the
upper bound below which exclusions are made should be specified in the report. For example, it
could be specified as part of the verbal scale, or the report may include a statement such as, “LRs
less than 0.01 are reported as exclusions.”

2.1.3 All calculated values must be maintained in the case record.

3. REPORTING LIKELTHOOD RATIO VALUES THAT ARE CLOSE TO 1.

3.1: An “inconclusive zone” or other similarly named range (e.g., “uninformative zone” other
than LRs of approximately 1) should not be used.

As LRs approach 1, the extent of support provided by the results for a given proposition
decreases, and the probability of adventitious support for an incorrect proposition increases.
However, with the exception of results deemed exclusionary as discussed in Guideline 2.1, LRs
appropriately express the strength of the evidence and should be reported no matter how low or
high the numerical value.

In general, LRs close to 1 indicate that the data is less informative relative to the propositions
considered, but the results are not inconclusive. This may be due to lower template amounts for
contributors, potential allelic drop-out, few obligatory alleles detected, and/or allele masking.
This is an expected outcome and the LR values obtained generally reflect the quality of the data.
The LR values alone should not be used to determine whether a POI is “included” or whether a
particular conclusion is correct. Instead, the LR value is providing logically relevant (e.g.,
Federal Rules of Evidence 401), albeit limited, information to the trier of fact for the evaluation
of the two propositions offered.

3.1.1 LRs should not be deemed inconclusive to mitigate a potential risk of adventitious support
for either proposition.

In general, analysts should be comfortable explaining reasons there may be false support for
either proposition, rather than rely on an “inconclusive zone” to buffer expectations. As an
example, ground truth experiments have shown that overestimating the number of contributors
may provide false support for the inclusionary proposition for true non-contributors, while
underestimating the number of contributors may provide false support for the exclusionary
proposition for a true contributor. Note that incidents of false support increase for either
proposition as LRs approach 1, but this false support for a proposition may go beyond the limited
support range.

Numerical values in the range of limited support for H1 are comparable to Random Match
Probabilities (RMPs) or Combined Probabilities of Inclusion (CPIs) that have been reported
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irrespective of magnitude (e.g., 1 in 5 or 1 in 100) despite the possibility that a true non-
contributor might have been included as a possible contributor to the evidence.

3.1.2 Results that provide Limited Support for H2 versus H1 should be reported as support for
H2 rather than as inconclusive. These LRs are potentially exculpatory and should be reported for
transparency.

3.1.3 Calculations performed using different populations or multiple analyses of the same data

(i.e., input file) with different seeds that result in LRs supporting opposing hypotheses (e.g., 10,
which supports H1 and 0.1, which supports H2) should not be deemed inconclusive. Reporting
these results should be done in accordance with Guideline 1.1.

3.1.4 Specificity studies should not be used to establish an inconclusive zone.

Non-contributor testing has often been misunderstood as a reason to determine LRs of various
magnitudes “inconclusive” because non-contributors providing LRs of the same magnitude were
thought to be indicative of uncertainty of a POI’s “inclusion” in the sample. Inconclusive zones
implemented for the purposes of limiting or mitigating the chance of false “inclusions” are
attempting to put binary answers on an infinite scale of LR magnitudes.

Non-contributor studies are ill-suited to designating “inconclusive zones”. Non-contributor
testing generally confirms the expectation that LRs supporting the inclusionary proposition are
more common when there is less information in the data. The range of any assigned
“inconclusive zone” will be dependent upon the number of profiles the laboratory used in the
non-contributor tests based on Turing’s rule. Those with sample sizes of hundreds of profiles
may have inconclusive zones in the 100s to 1000s, while labs using several thousands of non-
contributor profiles may generate inconclusive zones orders of magnitude wider (see Table 2).

Table 2. Example of Maximum LR values based on database size.

H2 True DB Size |5:1 Mixture Max LR
100 0.002
1,000 0.28
10,000 85
100,000 3.40E+04
1,000,000 2.70E+05

In addition, regardless of the range or the method of development (e.g., a percentile of non-
contributor LRs), the presence of an inconclusive zone perpetuates a myth that LR values outside
of this zone are conclusive with respect to a POI’s “inclusion” or “exclusion” in a sample. This
unintended consequence of using an “inconclusive zone” undermines the reason to use one in the
first place, namely, to prevent conveying a certainty that is absent in the LR value.
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In contrast, non-contributor testing conducted during validation may help inform a laboratory
how well their probabilistic genotyping system and the model used within it is performing
relative to expectations (i.e., Turing’s rule). This testing may also provide information on the
magnitude of the LR values expected given the quality of data present in the evidentiary profile.
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APPENDIX: EXAMPLE CONCLUSION STATEMENTS

An example of statements that could be used to report and contextualize an LR result is

presented below:

A.
B.

The profile is assumed to be a mixture of DNA from two individuals.

Inclusionary proposition (H1): The DNA originated from Joe Smith and one unrelated,
unknown individual.

Exclusionary proposition (H2): The DNA originated from two unrelated, unknown
individuals.

The DNA profile is 1.2 trillion times more likely if it originated from Joe Smith and one
unrelated, unknown individual than if it originated from two unrelated, unknown individuals.
Based on this calculation, there is very strong support for the proposition that Joe Smith is a
contributor to the DNA profile obtained from the evidence.

The probability of an unrelated individual in the population, who has not contributed DNA to
this sample, yielding this level of support or greater, is less than 1 in 1.2 trillion.

LR for H1 Support and 1/LR for H2 Verbal Qualifier
Support

1 Uninformative

2 -<100 Limited Support

100 — <10,000 Moderate Support
10,000 —<1,000,000 Strong Support
>1,000,000 Very Strong Support

In the example above, statements E and F may be used to provide additional context to the LR
value presented in statement D. E and F may be presented in a report or offered to explain the LR
during testimony.
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