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 1 

What is the best way to present likelihood ratios? A review of past research and 2 

recommendations for future research 3 

 4 

Abstract  5 

As a first step in addressing the research question “What is the best way for forensic 6 

practitioners to present likelihood ratios so as to maximize their understandability for 7 

legal-decision makers?”, this paper reviews existing empirical literature on the 8 

comprehension of likelihood ratios by laypersons. The existing literature tends to 9 

research understanding of expressions of strength of evidence in general, rather than 10 

focusing specifically on likelihood ratios. We review the literature with respect to the 11 

CASOC indicators of comprehension (particularly sensitivity, orthodoxy, and 12 

coherence), and compare different formats that have been used to express likelihood 13 

ratios: numerical likelihood-ratios values, numerical random-match probabilities, and 14 

verbal strength-of-support statements (none of the studies that we reviewed tested 15 

comprehension of verbal likelihood ratios). We also critically review the studies with 16 

respect to methodology, and consider additional factors that could potentially assist 17 

with communication of the meaning of likelihood ratios. We conclude that the existing 18 

literature does not answer our research question, but, based on our review, we provide 19 

recommendations for the methodology of future research aimed at addressing our 20 

research question. 21 

 22 

Keywords 23 

Communication; Comprehension; Likelihood ratio; Recommendation; Review; 24 
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 26 
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1 Introduction 27 

The likelihood-ratio framework is advocated as the logically correct framework for 28 

evaluation of evidence by the vast majority of experts in forensic inference and 29 

statistics, including in Aitken et al. [1], Morrison et al. [2], Morrison et al. [3], and 30 

Morrison et al. [4], with 31, 19, 20, and 57 authors and supporters respectively. Its use 31 

is also advocated by key organizations including: Association of Forensic Science 32 

Providers of the United Kingdom and of the Republic of Ireland (AFSP [5]); Royal 33 

Statistical Society (Aitken et al. [6]); European Network of Forensic Science Institutes 34 

(Willis et al. [7]); National Institute of Forensic Science of the Australia New Zealand 35 

Policing Advisory Agency (Ballantyne et al. [8]); American Statistical Association 36 

(Kafadar et al. [9]); and Forensic Science Regulator for England & Wales [10].  37 

There is, however, a common belief that likelihood ratios are difficult for legal-decision 38 

makers to understand (Bali et al. [11], Swofford et al. [12]), and there are many legal 39 

rulings that include misunderstandings of the meaning of likelihood ratios, the England 40 

& Wales Court of Appeal ruling in R v T [2010] EWCA Crim 2439 being an infamous 41 

example (e.g., Aitken et al. [1], Berger et al. [13], Redmayne et al. [14], Morrison [15], 42 

Thompson [16]).  43 

The benefits of forensic practitioners adopting the likelihood-ratio framework will not 44 

be fully realized if legal-decision makers are unable to understand the meaning of the 45 

likelihood ratios that forensic practitioners present. It is therefore important to conduct 46 

research to determine the best way for forensic practitioners to present likelihood ratios 47 

so as to maximize their understandability for legal-decision makers. 48 

Martire [17], Thompson [18], Eldridge [19], and Martire & Edmond [20] reviewed 49 

empirical research on laypersons’ understanding of forensic practitioners’ expressions 50 

of strength of forensic evidence. These reviews included comparisons of understanding 51 

of likelihood ratios with understanding of other expressions of strength of evidence 52 

such as:  53 
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• categorical conclusions  54 

• e.g., “identification”, “exclusion” 55 

• numerical posterior probabilities  56 

• e.g., “95% probable that the items came from the same source” 57 

• verbal posterior probabilities  58 

• e.g., “highly probable that the items came from the same source” 59 

• vague verbal expressions  60 

• e.g., “consistent with”, “cannot be excluded”, “to a reasonable degree of 61 

scientific certainty” 62 

Eldridge [19] concluded: 63 

Jurors do not, as a rule, interpret forensic findings in the way examiners intend 64 

them. They often undervalue evidence, particularly if it is in a discipline that they 65 

may have previously considered to be less discriminating. They do not understand 66 

numerical testimony well, although they may prefer to hear it, and they vary 67 

widely in their interpretation of verbal expressions, although they do tend to rank 68 

them in approximately the correct order. 69 

The research that Martire [17], Thompson [18], Eldridge [19], and Martire & Edmond 70 

[20] reviewed was diverse in terms of conditions tested, methodologies used, and 71 

aspects of understanding tested. It was also diverse in terms of results obtained. On the 72 

basis of these reviews, it is therefore difficult to draw a clear answer to the question of 73 

whether likelihood ratios are actually harder for laypersons to understand than are other 74 

expressions of strength of evidence.  75 

Expressions of strength of evidence other than likelihood ratios are, however, not 76 



What is the best way to present LRs - review - 2025-09-27a Page 7 of 70 

logically tenable (e.g., Jackson [21], Kaye [22], Morrison & Thompson [23], 77 

Thompson [18]). We therefore begin with the premise that forensic practitioners should 78 

use the likelihood-ratio framework to evaluate strength of forensic evidence, and we 79 

ask the question:  80 

• What is the best way for forensic practitioners to present likelihood ratios so as to 81 

maximize their understandability for legal-decision makers?  82 

In the present paper, as a first step in addressing this question, we review the existing 83 

empirical literature on the comprehension of likelihood ratios by laypersons. The 84 

particular laypersons we are ultimately interested in are legal-decision makers, who 85 

could be judges or juries in the context of legal hearings, but who could also include 86 

prosecutors deciding whether to prosecute, defence attorneys deciding whether to 87 

recommend plea deals to their clients, etc. 88 

In §2 we describe different formats that have been used to present likelihood ratios. In 89 

§3 we describe how studies were selected for inclusion in our review. In §4 we explain 90 

a key concept for our review, effective likelihood ratio. In §5 we critically review the 91 

studies with respect to three indicators of comprehension (sensitivity, orthodoxy, and 92 

coherence) and consider whether the results are informative with respect to the 93 

question of the best format for presenting likelihood ratios. In the course of reviewing 94 

studies with respect to presentation formats, we also consider the potential effect of 95 

other factors that may contribute to understandability of likelihood ratios, such as 96 

providing participants with a whole verbal scale or providing them with a table for 97 

converting from priors to posteriors. In §6, we critically review methodological issues 98 

and make recommendations for methodology in future research addressing our 99 

research question. §7 provides additional recommendations, and §8 provides a 100 

conclusion. 101 

 102 
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2 Formats for presenting likelihood ratios 103 

2.1 Overview 104 

There are several formats in which likelihood ratios have been presented, or it has been 105 

proposed that they be presented. These include: 106 

• numerical likelihood ratios 107 

• e.g., the observations are 1,000 times more likely if 𝐻1 were true than if 𝐻2 108 

were true1 109 

• numerical random-match probabilities 110 

• e.g., the observations made on the questioned-source item and the known-111 

source item match, the probability of observations made on an item randomly 112 

selected from the relevant population matching the observations from the 113 

questioned-source item is 1 in 1,000 114 

• verbal likelihood ratios 115 

• e.g., the observations are much more probable if 𝐻1 were true than if 𝐻2 were 116 

true 117 

• verbal strength of support for hypotheses2 118 

• e.g., the observations provide strong support for 𝐻1 relative to 𝐻2 119 

In §2.2 and §2.3, we describe these formats and the relationships between them. 120 

 
1 𝐻1 and 𝐻2 represent mutually exclusive hypotheses. In this paper, we adopt the convention that 𝐻1 

represents a same-source hypothesis and 𝐻2 represents a different-source hypothesis. 

2 We will often abbreviate verbal strength of support for hypotheses to verbal strength-of-support 

statement. 
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2.2 Numerical values 121 

Numerical likelihood ratios can be calculated using relevant data, quantitative 122 

measurements, and statistical models.  123 

If the data are discrete and have no within-source variability (as in single-source high-124 

template DNA profiles, assuming no drop-out no drop-in, and no ambiguity as to 125 

weather a peak is allelic or stutter), then the numerator of the likelihood ratio will have 126 

a probability of either 0 or 1. If the questioned-source item and the known-source item 127 

do not have exactly the same discrete value(s), then the numerator of the likelihood 128 

ratio will be 0. If the numerator is 0, then the value of the denominator is irrelevant, the 129 

likelihood-ratio value will be 0, and, barring this result having occurred due to a 130 

mistake, one can infer that the questioned-source item and known-source items did not 131 

come from the same source. If the questioned-source item and the known-source item 132 

have exactly the same discrete value(s), then the numerator of the likelihood ratio will 133 

be 1, and the denominator will be the random-match probability (RMP), i.e., the 134 

probability that an item selected at random from the relevant population would have 135 

exactly the same discrete value(s) as the questioned-source item. Under the latter 136 

circumstance, instead of presenting the whole likelihood ratio, the random-match 137 

probability can be presented. Under this circumstance, the numerical likelihood ratio 138 

and the numerical random-match probability are numerically equivalent. 139 

In contrast, if the data are discrete but have within-source variability, or if the data are 140 

continuously valued and have within-source variability (as is the case for data in most 141 

branches of forensic science), then the numerator of the likelihood ratio will not have 142 

a probability of 0 or 1. For discrete data it will be a probability value between 0 and 1, 143 

and for continuously-valued data it will be a probability-density value greater than 0. 144 

Under these circumstances, the denominator alone does not capture the same 145 

information as the whole likelihood ratio, and a numerical likelihood ratio, rather than 146 

a numerical random-match probability, should be presented as the strength-of-evidence 147 

statement.  148 



What is the best way to present LRs - review - 2025-09-27a Page 10 of 70 

For continuously-valued data, some publications (e.g., President’s Council of Advisors 149 

on Science and Technology [24]) have proposed applying a threshold to the degree of 150 

similarity between the questioned-source item and the known-source item in order to 151 

determine whether they “match”, and, if they match, then calculating and reporting a 152 

random-match probability. This procedure, however, suffers from the “cliff-edge 153 

effect”3 and underutilizes the available data. Applying continuously-valued statistical 154 

models to calculate numerical likelihood-ratio values is a better solution (Morrison et 155 

al. [2], Morrison & Enzinger [27]). 156 

If relevant data, quantitative measurements, and statistical models are not available, 157 

some publications advocate subjectively assigning numerical likelihood ratios. Willis 158 

et al. [7] and Marquis et al. [28] recommend that the practitioner subjectively assign a 159 

numerical value for the numerator of the likelihood ratio, subjectively assign a 160 

numerical value for the denominator of the likelihood ratio, then divide the former by 161 

the latter. Uncalibrated unvalidated subjective assignment of likelihood-ratio values 162 

has been criticized in Risinger [29], Martire et al. [30], and Morrison et al. [31]. Martire 163 

et al. [32] found that forensic handwriting practitioners’ subjective assignment of 164 

probabilities of occurrence of discrete handwriting features had an average 20 165 

percentage point absolute-error rate compared to the frequency of occurrence of those 166 

features in sample data.  167 

2.3 Verbal expressions 168 

Especially when likelihood ratios are assigned subjectively, many publications (e.g., 169 

Evett et al. [33], AFSP [5], Aitken et al. [1], Berger et al. [13], Norgaard et al. [34], 170 

Willis et al. [7], ISO 21043-4:2025 [35]) advocate expressing likelihood ratios using 171 

verbal expressions, either in addition to or instead of numerical values. These verbal 172 

 
3 In the forensic-statistics literature, Evett [25] and Walsh et al. [26] attribute the term “fall-off-the-

cliff effect” to personal communication from “Ken Smalldon”, presumably Kenneth Wallace 

Smalldon. 
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expressions are arranged in ordinal scales in which each level on the scale corresponds 173 

to a range of numerical likelihood-ratio values. In such verbal scales, the 174 

correspondences between ranges of numerical values and verbal expressions are 175 

arbitrary and are simply specified by the scales. Different scales can, and do, use 176 

different verbal expressions and different ranges of numerical likelihood-ratio values.  177 

An example of a verbal scale (based on Willis et al. [7]) is provided in Table 1. This 178 

table presents examples of expressions of verbal likelihood ratios, i.e., each expression 179 

has the form of a likelihood ratio:  180 

• The observations are [qualifier] more probable if 𝐻1 were true than if 𝐻2 were 181 

true. 182 

Another example of a verbal scale (also based on Willis et al. [7]) is provided in Table 183 

2. This table presents examples of expressions of verbal strength of support for 184 

hypotheses, i.e., each expression has the form:  185 

• The observations provide [qualifier] support for 𝐻1 relative to 𝐻2. 186 

In the latter example, two hypotheses are mentioned, but in some verbal scales (e.g., 187 

AFSP [5]), only one hypothesis is mentioned:  188 

• The observations provide [qualifier] support for 𝐻1.  189 

Verbal expressions of strength of support for hypotheses do not have the form of 190 

likelihood ratios, i.e., they do not express the probability of observing the evidence if 191 

one hypothesis were true relative to the probability of observing the evidence if the 192 

other hypothesis were true (𝑝(𝐸|𝐻1) 𝑝(𝐸|𝐻2)⁄ ). For this reason, in our opinion, verbal 193 

strength-of-support statements are not actually expressions of likelihood ratios. 194 

Willis et al. [7] recommends that a numerical value for a likelihood ratio be assigned 195 

first and then the corresponding verbal expression be selected, not the other way round. 196 

This (along with the recommendation to assign the numerical value of a likelihood ratio 197 
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by first assigning a numerical value for the numerator and a numerical value for the 198 

denominator) is intended to ensure that users of the scale actually follow the logic of 199 

the likelihood-ratio framework.  200 

Some criticisms of verbal scales appear in Mullen et al. [36], Martire & Watkins [37], 201 

Marquis et al. [28], and Morrison & Enzinger [38]. Eldridge [19] includes a review of 202 

empirical research on the understandability of verbal expressions taken from verbal 203 

scales. 204 

 205 



What is the best way to present LRs - review - 2025-09-27a Page 13 of 70 

Table 1. Examples of verbal likelihood ratios intended to correspond to ranges of numerical 206 

likelihood-ratio values. If the likelihood ratio is less than 1, the same verbal expressions can be used 207 

with the ratio inverted and the order of 𝐻1 and 𝐻2 reversed. 208 

Ranges of numerical 

likelihood ratios 
Verbal likelihood ratios 

0.5 < Λ < 2 
The observations are approximately equally probable irrespective of 

whether 𝐻1 were true or whether 𝐻2 were true. 

2 ≤ Λ < 10 
The observations are slightly more probable if 𝐻1 were true than if 𝐻2 

were true. 

10 ≤ Λ < 100 
The observations are more probable if 𝐻1 were true than if 𝐻2 were 

true.  

100 ≤ Λ < 1,000 
The observations are appreciably more probable if 𝐻1 were true than if 

𝐻2 were true.  

1,000 ≤ Λ < 10,000 
The observations are much more probable if 𝐻1 were true than if 𝐻2 

were true.  

10,000 ≤ Λ < 1,000,000 
The observations are far more probable if 𝐻1 were true than if 𝐻2 were 

true.  

1,000,000 ≤ Λ 
The observations are exceedingly more probable if 𝐻1 were true than if 

𝐻2 were true.  

 209 
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Table 2. Examples of verbal strength-of-support statements, intended to correspond to ranges of 210 

numerical likelihood-ratio values. If the likelihood-ratio value is less than 1, the same verbal 211 

expressions can be used with the ratio inverted and the order of 𝐻1 and 𝐻2 reversed. 212 

Ranges of numerical 

likelihood ratios 
Verbal strength-of-support statements 

0.5 < Λ < 2 The observations provide no support for either 𝐻1 or 𝐻2. 

2 ≤ Λ < 10 The observations provide weak support for 𝐻1 relative to 𝐻2. 

10 ≤ Λ < 100 The observations provide moderate support for 𝐻1 relative to 𝐻2. 

100 ≤ Λ < 1,000 
The observations provide moderately strong support for 𝐻1 relative to 

𝐻2. 

1,000 ≤ Λ < 10,000 The observations provide strong support for 𝐻1 relative to 𝐻2. 

10,000 ≤ Λ < 1,000,000 The observations provide very strong support for 𝐻1 relative to 𝐻2. 

1,000,000 ≤ Λ 
The observations provide extremely strong support for 𝐻1 relative to 

𝐻2. 

 213 

3 Selection of studies for inclusion in review 214 

To be in scope for our review, a study had to report on empirical research in which 215 

numerical likelihood ratios were presented to participants. It could also include 216 

presentation of numerical random-match probabilities, verbal likelihood ratios, and/or 217 

strength-of-support statements. Commentary papers lacking primary research were 218 

excluded.  219 
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To select studies for inclusion in our review, we started with known studies on the topic 220 

and then iteratively searched references listed in studies that we had already included. 221 

We found 17 papers that included studies which met the criterion for inclusion. These 222 

were: Koehler (1996) [39], Taroni & Aitken (1998) [40], Nance & Morris (2002) [41], 223 

Nance & Morris (2005) [42], Langenburg et al. (2013) [43], Martire et al. (2013) [44], 224 

Martire et al. (2014) [45], Thompson & Newman (2015) [46], Bayer et al. (2016) [47], 225 

Thompson et al. (2018) [48], Ribeiro et al. (2020) [49], van Straalen et al. (2020) [50], 226 

Bali et al. (2021) [51], Ribeiro et al. (2023) [52], van Straalen et al. (2023) [53], Bali 227 

& Martire (2025) [54], Thompson et al. (2025) [55]. 228 

 229 

4 Effective likelihood ratios 230 

A key concept in our review is that of effective likelihood ratio.  231 

According to Bayes’ theorem, a participant’s posterior odds (their belief as to the 232 

relative probabilities of 𝐻1 and 𝐻2 after they have considered the likelihood ratio) 233 

should be the product of their prior odds (their belief as to the relative probabilities of 234 

𝐻1 and 𝐻2 before they have considered the likelihood ratio) and the likelihood ratio, 235 

see Equation (1). 236 

(1) 
𝑝(𝐻1|𝐸)

𝑝(𝐻2|E)
=

𝑝(𝐻1)

𝑝(𝐻2)
×

𝑝(𝐸|𝐻1)

𝑝(𝐸|𝐻2)
 237 

posterior odds = prior odds × likelihood ratio  238 

If one elicits a participant’s prior odds before presenting them with the likelihood ratio, 239 

and elicits their posterior odds after presenting them with the likelihood ratio, one can 240 

divide their posterior odds by their prior odds to calculate the effective likelihood ratio 241 

that they used, see Equation (2). The effective likelihood-ratio value will not 242 

necessarily equal the presented likelihood-ratio value. 243 
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(2) 

(
𝑝(𝐻1|𝐸)

𝑝(𝐻2|E)
)

(
𝑝(𝐻1)

𝑝(𝐻2)
)

=
𝑝(𝐸|𝐻1)

𝑝(𝐸|𝐻2)
 244 

posterior odds ÷ prior odds = effective likelihood ratio  245 

 246 

5 Review with respect to presentation formats and CASOC indicators of 247 

comprehension 248 

5.1 CASOC indicators of comprehension 249 

Empirical research into lay comprehension of expressions of strength of evidence has 250 

made use of different concepts and criteria for what constitutes comprehension. Martire 251 

[17], Martire & Edmond [20], and Bali et al. [51] developed a list of indicators of 252 

comprehension, which they called the CASOC indicators of comprehension 253 

(Consistency, Sensitivity, Coherence, Ability, Orthodoxy).4 Rather than treating 254 

comprehension as a unitary construct, the CASOC framework distinguishes different 255 

types of understanding. This allows for a more nuanced synthesis of findings. Although 256 

classifying studies with respect to CASOC indicators involves a series of binary 257 

classifications based on subjective judgement and does not capture all nuances, it offers 258 

a transparent way to make sense of a conceptually and methodologically diverse field. 259 

For greater robustness in making the classifications, the following procedures were 260 

adopted: The second and third authors of the present paper independently classified 261 

each study with respect to each of the CASOC indicators. They then discussed and 262 

resolved any discrepancies in their classification. The classifications were later 263 

checked by the first author. 264 

In this paper, we present results with respect to three of the indicators: Sensitivity, 265 

 
4 The CASOC definitions of sensitivity, coherence, and consistency are different from the definitions 

that these words have when they are used in statistics. 
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Orthodoxy, Coherence. These results are presented in §5.2, §5.3, and §5.4 respectively. 266 

Each of these subsections is further divided into three subsubsections:  267 

1. Definition  268 

2. Summary of results 269 

3. Detailed results 270 

In the first subsubsection, we provide the definition of the indicator from Martire & 271 

Edmond [20]. The Martire & Edmond [20] definitions cover all formats that have been 272 

used for presenting strength of evidence, not just likelihood ratios. We follow each 273 

definition from Martire & Edmond [20] with a modified definition which is specific to 274 

likelihood ratios and is adapted to the context of our review. We also provide an 275 

explanation of how we assessed studies with respect to each indicator. The second 276 

subsubsection provides a summary of the results of the review, and the third 277 

subsubsection provides detailed results. This structure is intended to help the reader 278 

understand the big picture without getting bogged down in the details, but also to have 279 

access to the details that underlie the conclusions presented in the summaries. A reader 280 

wanting just to get the big picture could read only the definition and summary 281 

subsubsections, and skip the details subsubsections. 282 

Results are also presented in a series of three tables: 283 

• Table 3 shows the formats used to present likelihood ratios, and the likelihood-284 

ratio values presented. For expository purposes, for some papers, different 285 

experiments and/or different response conditions and/or different evidence types 286 

are listed as different “studies”. None of the studies presented participants with 287 

verbal likelihood ratios. With two exceptions (Langenburg et al. [43], Thompson 288 

et al. [55]), all of the studies presented the experiments to participants in written 289 

format. 290 

• Table 4 indicates the response conditions that were tested. Closed responses 291 
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involved picking a discrete level from a multilevel scale, or making a binary 292 

choice as to which of two statements was stronger. Open responses asked 293 

participants to give a number in the form of odds or in the form of a probability. 294 

All studies that included probability responses elicited them as numbers in the 295 

range 0 to 100. Except for the binary choice in Thompson et al. [48] Study 3, all 296 

response conditions, whether open or closed, elicited some form of posterior 297 

judgement. Table 4 also indicates whether the experiment design was within-298 

participant (each participant responded to multiple presentation formats) or 299 

between-participants (different participants responded to a different presentation 300 

format), and whether priors and posteriors were elicited from the same individual 301 

participants or whether they were elicited from different groups of participants.  302 

• Table 5 indicates the evidence types that were tested and the demographic groups 303 

to which participants belonged.  304 

Table 3, Table 4, and Table 5 include the classification of each study with respect to 305 

all five CASOC indicators. In the interests of brevity and relevance, this paper omits 306 

detailed discussion of the results of our review with respect to ability and consistency. 307 

We omitted detailed discussion of these results because they had limited relevance for 308 

answering our research question. Immediately below, we provide the Martire & 309 

Edmond [20] definitions of these two indicators, and an explanation of why the results 310 

with respect to these indictors have limited relevance for answering our research 311 

question. 312 

•  “Ability is being capable of applying statistical evidence or principles provided 313 

by a forensic scientist (or statistician) to the resolution of new problems. This is 314 

distinct from mere recognition or recollection of the statistical information. Ability 315 

requires an active application for the purposes of deriving information beyond 316 

what was originally provided.” 317 

o The second and third author originally classified three studies as using ability 318 



What is the best way to present LRs - review - 2025-09-27a Page 19 of 70 

as an indicator of comprehension. On close inspection, however, the first author 319 

was not convinced that the experiments in these studies tested application of 320 

principles to a different problem (ability), as opposed to testing whether 321 

understanding of the presented likelihood ratios was logically correct 322 

(coherence). In some cases, results that the original papers counted as 323 

demonstrating lack of ability could have been due to participants making 324 

reasonable interpretations of what was written in the experiment questions, and 325 

these being counted as misunderstanding only because they differed from what 326 

the authors had intended when writing the questions. Irrespective of these 327 

issues, results from only three studies would not provide convincing evidence 328 

with respect to answering our research question.  329 

• “Consistency is giving equal weight to evidence with quantitatively equal 330 

strength.” 331 

o Even if there were clear evidence (which there was not) that some formats were 332 

consistent with one another and others were not, this alone would not help us 333 

decided which format, or which set of consistent formats, was the best for 334 

maximizing understandability of likelihood ratios for legal-decision makers.  335 

  336 
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Table 3. For studies reviewed: indicators of comprehension used (Sensitivity, Orthodoxy, Coherence, 337 

Ability, Consistency), formats used to present likelihood ratios, and the likelihood-ratio values 338 

presented. Shading is to help visually distinguish header groupings.  339 

Indicator 

Study 

Likelihood-ratio format 

Numerical Verbal Visual 

S O C A C likelihood ratio RMP 

support statement 

1 hypothesis 

support statement 

2 hypotheses location on line 

●    ● 
Koehler [39] 1000 

100 

1 in 1000 

1 in 100 

   

● ● ●  ● 
Taroni & Aitken 

[40] 

10k 

50 

1 in 10k 

1 in 50 

   

 ● ●  ● 
Nance & Morris 

[41] Principal study 

25 a 1 in 25 b    

 ●   ● 

Nance & Morris 

[41] Follow-up 

study 

25 a     

 ●   ● 
Nance & Morris 

[42] 

40k a 1 in 40k    

     
Langenburg et al. 

[43] 

250k c 1 in 250k c    

● ● ●  ● 

Martire et al. [44] 

Experiment 1 

495k  

450 

4.5 

  very strong  

moderately strong 

weak or limited d 

 

● ● ●  ● 

Martire et al. [44] 

Experiment 2 

4.5 

1/4.5 e 

1/495k e 

  weak or limited in 

favour of 𝐻1 d 

weak or limited in 

favour of 𝐻2  

very strong in 

favour of 𝐻2  

 

● ● ●  ● 

Martire et al. [45] 5.5k 

5.5 

  strong 

weak or limited d,f 

“×” just past half 

way from midpoint 

to right end of line g 

“×” just to right of 

midpoint d,g 

● ● ●  ● 

Thompson & 

Newman [46] odds 

response - DNA 

1M  

100 

1 in 1M  

1 in 100 

extremely strong  

moderately strong 

  

● ● ●  ● 

Thompson & 

Newman [46] odds 

response - footwear 

1M  

100 

1 in 1M  

1 in 100 

extremely strong  

moderately strong 

  

● ● ●  ● 

Thompson & 

Newman [46] scale 

response - DNA 

1M  

100 

1 in 1M  

1 in 100 

extremely strong  

moderately strong 

  

● ● ●  ● 

Thompson & 

Newman [46] scale 

response - footwear 

1M  

100 

1 in 1M  

1 in 100 

extremely strong  

moderately strong 

  

 ●    

Bayer et al. [47] 1M h 

1k h 

1/1k e,h 

    

●    ● 
Thompson et al. 

[48] Study 3 

10M  

100k 

1 in 10M i 

1 in 100k i 

extremely strong 

very strong 

  

●     
Ribeiro et al. [49] 5.5M 

5.5k 
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Indicator 

Study 

Likelihood-ratio format 

Numerical Verbal Visual 

S O C A C likelihood ratio RMP 

support statement 

1 hypothesis 

support statement 

2 hypotheses location on line 

●  ● ● ● 
van Straalen et al. 

[50] 

5M 

50 

 extremely strong j 

moderately strong j 

  

● ● ● ● ● 
Bali et al. [51] 

Study 2 

1M 

100 

1 in 1M 

1 in 100 

extremely strong j 

moderately strong j 

  

●     

Ribeiro et al. [52] 

Experiment 1 

550k 

5.5k 

550 

55 

5 

    

  ● ●  
van Straalen et al. 

[53] 

5M 

50 

 extremely strong j 

moderately strong j 

  

    ● Bali & Martire [54] 1k 1 in 1k strong   

● ● ●   
Thompson et al. 

[55] 

30 

3k 

    

 340 
a In one condition, the numerical likelihood ratio was presented by itself. In another condition, a chart was also provided showing prior values (e.g., 

from 0% to 100% in 5 percentage-point steps) and the corresponding posterior probabilities after Bayesian updating using the presented likelihood-

ratio value. 

b In the same condition, both the RMP of “1 in 25” and “4% of the population” were presented. 

c All of the following were presented together: The numerical likelihood ratio of 250k, the RMP of 1 in 250k, and the expected count of people in 

the population expected to exhibit the observed features. For the latter, values were given for Minneapolis-St Paul (10 people from a population of 

1.5M), for Minnesota (21 people from a population of 5.3M), for the US (1.4k people from a population of 350M), and for the world (28k people 

from a population of 7B). 

d This expression elicited the weak-evidence effect. 

e Values greater than one were actually presented, but with the order of the hypotheses reversed, i.e., the value of 𝑝(𝐸|𝐻2) 𝑝(𝐸|𝐻1)⁄  was presented 

rather than the value of 𝑝(𝐸|𝐻1) 𝑝(𝐸|𝐻2)⁄ . 

f In one condition, the verbal strength-of-support statement was presented by itself. In another condition, the whole verbal scale and corresponding 

ranges of numerical likelihood-ratio values was also presented. The numerical range associated with the highest end of the scale was “> 1,000,000”. 

g This was a logarithmically scaled line covering the range log(1/10k) to log(10k), with log(1) at the midpoint (in contrast to the verbal scale for 

which the maximum value was > 1M). The line, however, did not include numbers indicating the scale or the range covered. Left end, midpoint, and 

right end were labelled “In favour of Hypothesis 2”, “Neutral”, and “In favour of Hypothesis 1”. A line does not have the form of a likelihood ratio, 

and this one was not labelled with likelihood-ratio values. 

h In one condition, the numerical likelihood-ratio value was presented by itself. In a second condition, a whole verbal scale showing single-

hypothesis strength-of-support statements and corresponding ranges of numerical likelihood-ratio values was also presented. In a third condition, in 

addition to the numerical likelihood-ratio value and the verbal scale, a graph was also provided showing the relationship between the “number of 

potential offenders based on case circumstances” (this was on a logarithmic scale and was related to prior probability) and the posterior probability 

(as a percentage) after Bayesian updating using the presented likelihood-ratio value. 

i Of respondents who compared RMP values, 18% interpreted “1 in 100k” as stronger than “1 in 10M”. 

j It is unclear whether the statements presented to participants included one or two hypotheses. 

  341 
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Table 4. For studies reviewed: indicators of comprehension used (Sensitivity, Orthodoxy, Coherence, 342 

Ability, Consistency), response condition, experiment design, and whether priors and posteriors were 343 

elicited from the same participants of from different participants. Shading is to help visually 344 

distinguish header groupings. 345 

Indicator  

Response 

Experiment design 

Prior & posterior elicited 

from Open Closed 

S O C A C Study odds probability 

multilevel 

scale 

binary 

choice 

within 

participant 

between 

participant 

same 

participant 

different 

participants 

●    ● Koehler [39]  ●    ●   

● ● ●  ● 
Taroni & 

Aitken [40] 
 ●    ●  k 

 ● ●  ● 

Nance & 

Morris [41] 

Principal 

study 

 ●      ● 

 ● ●   

Nance & 

Morris [41] 

Follow-up 

study 

 ●     ●  

 ●   ● 
Nance & 

Morris [42] 
 ●      ● 

     
Langenburg 

et al. [43] 
  ● l      

● ● ●  ● 
Martire et 

al. [44] 
●     ● ●  

● ● ●  ● 
Martire et 

al. [45] 
●     ● ●  

● ● ●  ● 

Thompson 

& Newman 

[46] 

●  ● m   ● ●  

 ●    
Bayer et al. 

[47] 
  ● n    ●  

●    ● 

Thompson 

et al. [48] 

Study 3 

   ● o ●    

●     
Ribeiro et 

al. [49] 
 ●    ●   

●  ● ● ● 
van Straalen 

et al. [50] 
  ● p,q  ● ●   

● ● ● ● ● 
Bali et al. 

[51] Study 2 
 ●   ● ● ●  

●     

Ribeiro et 

al. [52] 

Experiment 

1 

 ●    ●   

  ● ●  
van Straalen 

et al. [53] 
   ● q ● ●   

    ● 
Bali & 

Martire [54] 
 r    ●   

● ● ●   
Thompson 

et al. [55] 
●  ● s   ● ●  

 346 
k A prior probability of 0.6 was provided to participants. 
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l A series of multiple-choice / Likert-scale questions were asked of mock-jury members and of spectators. The questions solicited information 

including mock-jurors’ familiarity with statistics, their opinions about the validity of fingerprint evidence in general, and their opinions of the 

quality of the testimony. Answer options to questions about the strength of the evidence consisted of qualitative statements that can be summarized 

as: definitely same source; very-likely same source, could be same source, definitely not same source. Some answer options only referred to the 

likelihood ratio for the fingerprint evidence, and other answer options referred to the whole of the evidence presented. 

m 17 level scale: “certain”, “9,999,999 chances in 10 million”, “999,999 chances in 1 million”, …, “1 chance in 1 million”, “1 chance in 10 million”, 

“impossible”. Excluding the first and last level, the scale was base-ten logarithmic.  

n Priors were elicited using an 8-level scale and posteriors were elicited using a 5-level scale. These scales tended to be worded in terms of the 

number of individuals who could have been the source of the questioned-source item, but the format was not consistent within or between scales.  

o Participants were presented with two statements and asked to chose which was stronger. 

p Participants used a 5-level Likert scale labelled “very unlikely” … “very likely” to respond to the question “How likely is it that the fingermark 

belongs to the suspect?” 

q A series of yes/no/maybe questions were asked, including: “Do you think it is impossible for the finger mark to be from someone other than the 

suspect?” “The conclusion better fits the scenario that the finger mark belongs to the suspect than the scenario that it belongs to someone else.” 

“There is more than a 50% chance the finger mark belongs to the suspect.” 

r Participants were asked to indicate, as a number from 0 to 100, how much weight they would give to the whole expert report in deciding the 

suspect’s guilt. 

s Participants first responded which hypothesis was more likely, or whether they were equally likely, then, if they did not choose equally likely, 

chose from a 6-level scale for how many times more likely their chosen hypothesis was than the other hypothesis: “Between 1 and 10 times more 

likely (51%–91% chance)”, “Between 10 and 99 times more likely (91%–99% chance)”, …, “More than 100,000 times more likely (More than 

99.9999% chance)”. They then gave an open numerical response for how many times more likely their chosen hypothesis was than the other 

hypothesis. 

  347 
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Table 5. For studies reviewed: indicators of comprehension used (Sensitivity, Orthodoxy, Coherence, 348 

Ability, Consistency), evidence types to which strength-of-evidence statements were purported to 349 

relate, and participant demographic. Shading is to help visually distinguish header groupings. 350 

Indicator  Evidence type Participant demographic 

S O C A C Study DNA 

finger-

prints footwear 

voice 

recordings 

university 

students 

general 

community 

jury-

eligible 

community 

former 

jurors / 

jury-pool 

members 

criminal-

justice 

profession-

als 

●    ● Koehler [39] ●      ●   

● ● ●  ● 
Taroni & 

Aitken [40] 
●    ●    ● 

 ● ●  ● 

Nance & 

Morris [41] 

Principal 

study 

●       ●  

 ● ●   

Nance & 

Morris [41] 

Follow-up 

study 

●       ●  

 ●   ● 
Nance & 

Morris [42] 
●       ●  

     
Langenburg 

et al. [43] 
 ●    ●   ● 

● ● ●  ● 
Martire et al. 

[44] 
  ●  ● ●    

● ● ●  ● 
Martire et al. 

[45] 
 ●   ● ●    

● ● ●  ● 

Thompson 

& Newman 

[46] 

●  ●    ●   

 ●    
Bayer et al. 

[47] 
 ● ●  ●     

●    ● 

Thompson 

et al. [48] 

Study 3 

●      ●   

●     
Ribeiro et al. 

[49] 
●     ●    

●  ● ● ● 
van Straalen 

et al. [50] 
●        ● 

● ● ● ● ● 
Bali et al. 

[51] Study 2 
●      ●   

●     

Ribeiro et al. 

[52] 

Experiment 

1 

 ●    ●    

  ● ●  
van Straalen 

et al. [53] 
 ●   ●    ● 

    ● 
Bali & 

Martire [54] 
  ●    ●   

● ● ●   
Thompson 

et al. [55] 
   ●  ●    

  351 
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5.2 Sensitivity 352 

5.2.1 Definition 353 

• “Sensitivity is assigning greater weight to evidence of greater value, and lesser 354 

weight to evidence of lesser value.” 355 

• Participants’ responses are sensitive if they reflect relative differences between 356 

different presented likelihood-ratio values. 357 

In the studies we reviewed, a participant was judged to have shown sensitivity to 358 

likelihood-ratio values if their effective likelihood ratio or (if the latter was not 359 

calculable) if their posterior odds were further from 1 when the presented likelihood-360 

ratio value was further from 1 than when the presented likelihood-ratio value was closer 361 

to 1. 362 

5.2.2 Summary of results 363 

Eleven of the papers reviewed, explicitly or tacitly, used sensitivity as an indicator of 364 

comprehension.  365 

With only a few exceptions, the studies which used sensitivity as an indicator of 366 

comprehension found that participants were sensitive to differences in likelihood-ratio 367 

values across all likelihood-ratio-presentation formats that were tested, across all 368 

response conditions that were tested, across all evidence types that were tested, and 369 

across all demographic groups that were tested.  370 

These results were not, therefore, informative with respect to the question of the best 371 

way for forensic practitioners to present likelihood ratios so as to maximize their 372 

understandability for legal-decision makers. 373 

Analysis of results across studies suggested that it could be that participants are 374 

sensitive to different presented likelihood-ratio values that fall on different sides of a 375 

threshold that is somewhere between presented likelihood-ratio values of 100 and 450, 376 
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but are not sensitive to different presented likelihood-ratio values that fall only below 377 

the threshold or that fall only above the threshold. 378 

Earlier reviews (Martire [17], Thompson [18], Eldridge [19], Martire & Edmond [20]) 379 

concluded that participants were sensitive to differences in the values of presented 380 

likelihood ratios. If, however, sensitivity is dependent on crossing a threshold, rather 381 

than being gradient, then one could argue that this does not demonstrate appropriate 382 

understanding of the meaning of likelihood ratios.  383 

Even if one did decide that participants were sensitive to differences in presented 384 

likelihood-ratio value, as a criterion for determining whether participants have 385 

understood likelihood ratios, sensitivity constitutes a low bar. One might consider it a 386 

necessary but not sufficient criterion. In §5.3 below, we discuss orthodoxy, which 387 

constitutes a higher bar. 388 

5.2.3 Detailed results 389 

The papers in the review that, explicitly or tacitly, used sensitivity as an indicator of 390 

comprehension were: Koehler [39], Taroni & Aitken [40], Martire et al. [44], Martire 391 

et al. [45], Thompson & Newman [46], Thompson et al. [48], Ribeiro et al. [49], van 392 

Straalen et al. [50], Bali et al. [51], Ribeiro et al. [52], Thompson et al. [55].  393 

With only a few exceptions (Koehler [39], Ribeiro et al. [49], and some conditions in 394 

Martire et al. [44], Thompson & Newman [46], and Ribeiro et al. [52] Experiment 1), 395 

the studies which used sensitivity as an indicator of comprehension found that 396 

participants were sensitive to differences in likelihood-ratio values across all 397 

likelihood-ratio-presentation formats that were tested, across all response conditions 398 

that were tested, across all evidence types that were tested, and across all demographic 399 

groups that were tested.  400 

In Thompson & Newman [46], when participants were asked to respond in the form of 401 

odds and the evidence type was footwear marks, sensitivity was observed for effective 402 



What is the best way to present LRs - review - 2025-09-27a Page 27 of 70 

likelihood-ratio values calculated when numerical random-match probabilities were 403 

presented but not when numerical likelihood ratios or when verbal strength-of-support 404 

statements were presented. In contrast, when the evidence type was DNA, sensitivity 405 

was observed for all three likelihood-ratio formats. Perhaps these results were due to 406 

participants having a belief about the validity of footwear-mark comparison and thus 407 

having a ceiling for how strong they believed footwear evidence could be, which may 408 

already have been reached by a presented numerical likelihood-ratio value of 100. This 409 

would explain why there was no difference in participant’s responses to likelihood 410 

ratios of 100 or 1M. As noted in Thompson & Newman [46], the ceiling effect could 411 

also be due to participant’s being incredulous that footwear evidence could produce a 412 

likelihood ratio as large as 1M. Participants gave greater weight to the same presented 413 

likelihood-ratio values when they were purported to relate to DNA than when they 414 

were purported to relate to footwear marks. It is not clear, however, why random-match 415 

probabilities would have been exempt from such a ceiling effect, or why the verbal 416 

strength-of-support statements “moderately strong” and “extremely strong” were 417 

interpreted differently when they were purported to relate to footwear marks then when 418 

they were purported to relate to DNA.  419 

All except three studies that used sensitivity as an indicator of comprehension tested 420 

only two likelihood-ratio values. The exceptions were Martire et al. [44] Experiments 421 

1 and 2, which each tested three levels, and Ribeiro et al. [52] Experiment 1, which 422 

tested five levels. In Martire et al. [44] Experiment 1, participants’ median effective 423 

likelihood-ratio values were larger when the presented numerical likelihood-ratio value 424 

was 450 compared to when it was 4.5, but responses were not larger when the presented 425 

numerical likelihood-ratio value was 495k compared to when it was 450. In Ribeiro et 426 

al. [52] Experiment 1, the mean posterior probabilities were approximately equal when 427 

the presented numerical likelihood-ratio values were 5 and 55, and the mean posterior 428 

probabilities were approximately equal when the presented numerical likelihood-ratio 429 

values were 550, 5.5k, and 550k, but the mean posterior probabilities were larger for 430 

the higher three presented likelihood-ratio values than for the lower two presented 431 
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likelihood-ratio values. In Ribeiro et al. [49], in which sensitivity to the values of the 432 

presented numerical likelihood ratio was not observed, the presented values were 5.5k 433 

and 5.5M.  434 

Considering these results, and also considering the presented numerical likelihood-435 

ratio values in almost all the studies which presented only two values,5 we posit a 436 

potential explanation for these observations: Participants had a floor and a ceiling for 437 

how they responded to likelihood-ratio values with a step function between the floor 438 

and ceiling occurring at a threshold somewhere between a presented likelihood-ratio 439 

value of 100 and a presented likelihood-ratio value of 450. In almost all studies that 440 

presented two likelihood-ratio values, one value was below the threshold and another 441 

above the threshold, so the plateaus at floor and ceiling were not observed.  442 

5.3 Orthodoxy 443 

5.3.1 Definition 444 

• “Orthodoxy is used in the sense of compliance with or adherence to normative 445 

expectations, i.e., orthodoxy is updating beliefs in a manner that is consistent 446 

with the normative expectations derived using Bayes’ theorem.” 447 

• Participants’ responses are orthodox if they reflect use of the values of 448 

presented likelihood ratios to update priors to posteriors as per correct 449 

application of Bayes’ theorem. 450 

In the studies we reviewed, a participant’s responses were judged to be orthodox if they 451 

indicated that the participant used the presented likelihood-ratio value to update their 452 

beliefs as would be expected if they had correctly applied Bayes’ theorem, i.e., if their 453 

effective likelihood-ratio value was the same as (or close to the same as) the presented 454 

 
5 The exceptions were Koehler [39], the particular instances in Thompson & Newman [46] that we 

discussed above, and Thompson et al. [48] Study 3, which used a different response format. 



What is the best way to present LRs - review - 2025-09-27a Page 29 of 70 

likelihood-ratio value.  455 

5.3.2 Summary of results 456 

Nine of the papers reviewed used orthodoxy as an indicator of comprehension.  457 

For all but one of the studies that used orthodoxy as an indicator of comprehension, 458 

average effective likelihood ratios were always weaker than the presented likelihood 459 

ratios, i.e., the effective likelihood ratios were closer to the neutral value of 1 than the 460 

presented likelihood ratios (the potential exception was Bayer et al. [47]). In the vast 461 

majority of cases the average effective likelihood ratios were much much weaker, e.g., 462 

a presented likelihood ratio of 1 million often resulted in a median effective likelihood 463 

ratio of less than ten. This was true for numerical likelihood ratios, numerical random-464 

match probabilities, and for verbal strength-of-support statements.  465 

Taken together, the results of the studies indicated that participants’ responses were, in 466 

general, not orthodox. No presentation format (and no addition such as also presenting 467 

a full verbal scale) resulted in effective likelihood-ratio values that were consistently 468 

more orthodox than for any other presentation format. The results were not, therefore, 469 

informative with respect to the question of the best way for forensic practitioners to 470 

present likelihood ratios so as to maximize their understandability for legal-decision 471 

makers. 472 

A priori, we would expect providing an explanation of the meaning of likelihood ratios 473 

including how to apply Bayes’ theorem would lead to more orthodox results, but the 474 

one study in our review (Thompson et al. [55]) that tested this did not find convincing 475 

evidence that this was the case. 476 

5.3.3 Detailed results 477 

The papers in the review that used orthodoxy as an indicator of comprehension were: 478 

Taroni & Aitken [40], Nance & Morris [41], Nance & Morris [42], Martire et al. [44], 479 

Martire et al. [45], Thompson & Newman [46], Bayer et al. [47], Bali et al. [51], 480 
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Thompson et al. [55].6  481 

Except for Taroni & Aitken [40] (which provided participants with a prior and elicited 482 

posteriors), all studies which used orthodoxy as an indicator of comprehension elicited 483 

both priors and posteriors.  484 

Table 4 indicates the response types used for eliciting priors and posteriors. In all 485 

studies which elicited probabilities, these were elicited as numbers between 0 and 100. 486 

Note that this will tend to limit the range of effective likelihood-ratio values compared 487 

to what could be calculated from elicited prior odds and posterior odds. If a participant 488 

responded using integers between 0 or 100 exclusive (1 to 99 inclusive), the lowest 489 

possible prior probability would be 1% (corresponding to prior odds of 1/99) and the 490 

highest possible posterior probability would be 99% (corresponding to posterior odds 491 

of 99), resulting in a maximum possible effective likelihood ratio of 9,801. Asking 492 

participants to provide a number within a limited range imposes a floor and ceiling, 493 

whereas asking for odds does not. The floor and ceiling of 0 and 100 may discourage 494 

responses such a 0.1 or 99.9, whereas odds of 1,000:1 in favour of 𝐻1 or 1,000:1 in 495 

favour of 𝐻2 would not be discouraged by a floor or ceiling. 496 

Table 4 also indicates whether priors and posteriors were elicited from the same 497 

participants of from different participants. In studies in which priors and posteriors 498 

were elicited from different participants, responses were elicited from a group of 499 

participants who were presented with the background information about the case, but 500 

who were not presented with forensic testimony (or who were presented with testimony 501 

 
6 Langenburg et al. [43] asked mock jurors to indicate their judgements as to the strength of the 

evidence using qualitative statements that can be summarized as: definitely same source; very-likely 

same source, could be same source, definitely not same source. Some answer options only referred 

to the likelihood ratio for the fingerprint evidence, and other answer options referred to the whole of 

the evidence presented. It does not appear to be possible to use this response format to calculate 

effective numerical likelihood ratios, so we have not counted Langenburg et al. [43] as a study that 

used orthodoxy as an indicator of comprehension. 
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that was inconclusive), and these responses were used to calculate priors for groups of 502 

participants who were presented with (non-inconclusive) forensic testimony. The 503 

validity of an approach in which the priors and posteriors do not belong to the same 504 

individuals is questionable. 505 

For studies which used orthodoxy as an indicator of comprehension (except for Bayer 506 

et al. [47], Bali et al. [51] Study 2, and Thompson et al. [55], which we discuss later), 507 

Figure 1 presents average effective log-likelihood-ratio values relative to the 508 

logarithms of presented likelihood ratios. We extracted median effective log-509 

likelihood-ratio values from the text, tables, or figures provided in the papers. If it was 510 

not possible to extract median values, we extracted means.7 From other information 511 

provided in these papers, it was usually clear that medians or means obscured 512 

substantial between-participant variability and that between-participant distributions 513 

were unlikely to be Gaussian. The medians and means were, therefore, poor summary 514 

statistics, but we use them for want of any better way of comparing results within and 515 

between these studies.  516 

 517 

 
7 In Martire et al. [44], Martire et al. [45], and Thompson & Newman [46], effective likelihood-ratio 

values were provided. In Taroni & Aitken [40], Nance & Morris [41], and Nance & Morris [42], 

average prior probabilities and posterior probabilities were provided, and from these we calculated 

the average effective log-likelihood-ratio values. For Taroni & Aitken [40] and for Thompson & 

Newman [46] median values were not provided but mean values were, so we used mean values. 
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 518 

Figure 1. Average effective log-likelihood-ratio values relative to logarithms of presented likelihood 519 

ratios in selected studies that used orthodoxy as an indicator of comprehension. To increase visual 520 

separation between symbols, plotted values for logarithms of presented likelihood-ratio values have 521 

been jittered. Symbols that have approximately the same value on the x axis represent the logarithm 522 

of exactly the same presented likelihood-ratio value.  523 

 524 

On examining Figure 1, it is immediately obvious that the average effective likelihood 525 

ratios were always weaker than the presented likelihood ratios (the effective log 526 

likelihood ratios were closer to the neutral value of 0 than the logarithms of the 527 

presented likelihood ratios), and in the vast majority of cases they were much much 528 

weaker, e.g., a presented likelihood ratio of 1 million often resulted in a median 529 

effective likelihood ratio of less than ten. This was true for numerical likelihood ratios, 530 

numerical random-match probabilities, and for verbal strength-of-support statements 531 

(and for the visual representation in Martire et al. [45]). None of these studies obtained 532 
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average effective likelihood ratios that could be said to be orthodox. 533 

In Thompson & Newman [46], the mean of the responses was closer to being orthodox 534 

when DNA evidence was purportedly presented and responses were collected using a 535 

multilevel scale compared to when DNA evidence was purportedly presented and 536 

responses were collected as odds, and compared to when footwear evidence was 537 

purportedly presented and either response format was used. The scale had 17 levels, 538 

which (excluding the first and last level) had order-of-magnitude steps (or log-base-ten 539 

steps):  540 

• Certain to be guilty 541 

• About 9,999,999 chances in 10 million that he is guilty 542 

• About 999,999 chances in 1 million that he is guilty 543 

… 544 

• One chance in 2 (fifty-fifty chance) that he is guilty 545 

… 546 

• About 1 chance in 1 million that he is guilty 547 

• About 1 chance in 10 million that he is guilty 548 

• Impossible that he is guilty 549 

Thompson & Newman [46] called this a “log scale”. Using this scale, mean responses 550 

to numerical random-match probabilities were closer to being orthodox than mean 551 

responses to numerical likelihood ratios and than mean responses to verbal strength-552 

of-support statements.  553 

Since the combination of DNA evidence and responses collected using odds did not 554 

lead to responses that were anywhere near orthodox, we conclude that the more 555 
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orthodox results were due to using the multilevel scale to collect responses. Thompson 556 

& Newman [46] p. 344 noted: “People may simply find it easier to give high estimates 557 

on the log scale, where they must check a box to indicate their answer, than on the odds 558 

scale, where they must generate a number on their own.”  559 

The question arises, however, of whether the results elicited by selecting a level on a 560 

multilevel scale are indicative of better understanding of the meaning of a likelihood 561 

ratio, or whether they are an artifact of using the scale – perhaps the participants were 562 

just picking a relative level on the scale irrespective of the numbers written on the 563 

levels. On a scale with the same number of levels but with different numbers written 564 

on the levels, participants might have selected the same relative levels. As in Basu et 565 

al. [56], odds can be elicited by asking a participant to enter a number 1 or greater in 566 

either of two boxes, one for 𝐻1 ≥ 𝐻2 and the other for 𝐻2 ≥ 𝐻1, thus there is no limit 567 

on the maximum odds value that can be elicited in either direction. In contrast, a scale 568 

is finite and suggests that the top and bottom levels are as strong as the evidence can 569 

get in support of each of the hypotheses. Changing the most extreme values written on 570 

the scale from 10 million to 1 million, or from 10 million to 1 billion might not affect 571 

the relative levels that participants select.  572 

When participants were presented with the same likelihood-ratio values but the 573 

evidence type was purported to be footwear instead of DNA, the levels on the scale 574 

that participants selected were closer to the neutral level in the middle of the scale. This 575 

may suggest that the participants did not believe that footwear evidence could be very 576 

strong (which Thompson & Newman [46] discussed as “credibility of the evidence”), 577 

and that they therefore selected levels closer to the neutral level, not because of a 578 

relation between the likelihood-ratio value presented and the numbers written on the 579 

levels, but because of the relative locations of the levels on the scale.8  580 

 
8 Even if one concluded that such a response scale did aid understanding, it seems an unrealistic 

proposition that juries, or even judges, would use them in a courtroom. 
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Bayer et al. [47] included three conditions: In one condition, the numerical likelihood-581 

ratio value was presented by itself. In a second condition, a whole verbal scale showing 582 

single-hypothesis strength-of-support statements and corresponding ranges of 583 

numerical likelihood-ratio values was also presented. In a third condition, in addition 584 

to the numerical likelihood-ratio value and the verbal scale, a graph was also provided 585 

showing the relationship between the number of potential offenders who could have 586 

been the source of the questioned-source item (this was on a logarithmic scale) and the 587 

posterior probability (as a percentage) after Bayesian updating using the presented 588 

likelihood-ratio value – the x axis was not explicitly prior probability and the two axes 589 

were not scaled the same way. Bayer et al. [47] elicited priors using an 8-level scale 590 

and posteriors using a 5-level scale – the scales were inconsistent with one another. 591 

The levels on the response scales tended to be worded in terms of the number of 592 

individuals who could have been the source of the questioned-source item, but the 593 

scales were internally inconsistent. We do not understand how effective likelihood 594 

ratios were calculated from these inconsistent scales, but from the presentation of the 595 

results it was apparent that the resolution was single orders of magnitude. The median 596 

values in the results suggested that providing the verbal scale resulted in a larger 597 

proportion of orthodox responses,9 but the boxplots used to present the results did not 598 

effectively convey the relative proportion of responses at each order of magnitude.  599 

In Bali et al. [51] Study 2, prior and posterior probabilities (as numbers between 0 and 600 

100) were elicited from the same participants before and after presentation of forensic 601 

testimony about each of a series of a pieces of evidence, each piece of evidence relating 602 

to a different suspect. Within-participant comparisons were performed between 603 

different formats for presentation of (purportedly) the same likelihood-ratio value: a 604 

numerical random-match probability of 1 in 100; a numerical likelihood ratio of 100; 605 

and “moderate” strength of support. Figure 2 shows violin plots of the effective log 606 

 
9 Martire et al. [45] also tested a condition in which participants were presented with the whole verbal 

scale, but this did not lead to orthodox results. 



What is the best way to present LRs - review - 2025-09-27a Page 36 of 70 

likelihood ratios which we calculated using the prior-probability and posterior-607 

probability responses from Bali et al. [51] Study 2.10 Substantial between-participant 608 

variability is apparent, but participants’ effective log-likelihood-ratio values tended to 609 

be closer to the neutral value of 0 than the logarithm of the presented likelihood-ratio 610 

value. Although the presented likelihood ratio value was (purportedly) 100 irrespective 611 

of the presentation format, the median effective likelihood-ratio value for each 612 

presentation format was less than 10. No presentation format resulted in distributions 613 

of elicited likelihood-ratio values that were obviously more orthodox than those for the 614 

other presentation formats. 615 

 616 

 
10 Figure 2 excludes 15 effective log likelihood ratios from when participants gave a prior-probability 

response or a posterior-probability response that was either 0% or 100%. These would have resulted 

in effective log-likelihood-ratio values of plus infinity or minus infinity.  
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 617 

Figure 2. For each of the three presentation formats, violin plots of effective log-likelihood-ratio 618 

values calculated using the response data from Bali et al. [51] Study 2.  619 

 620 

In Thompson et al. [55], videoed testimony was presented to participants. Figure 3 621 

shows violin plots of effective log-likelihood-ratio values given each combination of 622 

conditions tested: a condition designed to elicit higher prior odds versus a condition 623 

designed to elicit lower prior odds; a presented numerical likelihood ratio of 3,000 624 

versus 30; and provision of an explanation of the meaning of likelihood ratios versus 625 

no provision of an explanation.  626 

 627 
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 628 

Figure 3. Effective log likelihood ratios given each combination of conditions in Thompson et al. 629 

[55]. 630 

 631 

The results shown in Figure 3 indicate sensitivity: Participants tended to have higher 632 

effective log likelihood ratios when the presented numerical likelihood ratio was 3,000 633 

compared to when it was 30. With respect to orthodoxy, however, most participants 634 

had effective log-likelihood-ratio values that were lower than the logarithm of the 635 

presented likelihood-ratio value.  636 

Interpretation of results was complicated by the fact that, across conditions, a 637 

substantial proportion of participants’ prior odds were 1,11 and one could not determine 638 

 
11 In Thompson et al. [55], participants gave open prior odds responses (and later open posterior odds 

responses), but this was the third of three elicitation stages. In the first stage, participants responded 

to a forced-choice question about whether the speaker of questioned identity was more likely to be 

the suspect, equally likely to be the suspect or someone else, or more likelihood to be someone else. 

If a participant responded “equally likely”, the odds were recorded as 1, and the participant did not 
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whether effective likelihood-ratio values that equalled the presented likelihood-ratio 639 

value were due to correct application of Bayes’ theorem to the presented likelihood-640 

ratio value, or due to the prosecutor’s fallacy (Thompson and Schumann [57], the 641 

prosecutor’s fallacy is discussed in §5.4 below). Excluding participants whose effective 642 

likelihood-ratio values appeared to be orthodox but whose prior odds were 1, across 643 

prior-odds and presented-likelihood-ratio conditions, the number of participants whose 644 

effective likelihood-ratio values were orthodox was 7 out of 232 (3.0%) for those 645 

provided with the explanation of the meaning of likelihood ratios, and 2 out of 272 646 

(0.74%) for those not provided with the explanation. The proportion of participants 647 

whose effective likelihood-ratio values equalled the presented likelihood-ratio values 648 

was higher for participants provided with the explanation than for participants not 649 

provided with the explanation, but (as discussed in Thompson et al. [55]) even if this 650 

were taken as evidence that providing the explanation of the meaning of likelihood 651 

ratios resulted in a higher proportion of orthodox responses, the proportion of 652 

participants whose responses were orthodox was still small. Thompson et al. [55] 653 

concluded that this did not constitute convincing evidence that providing the 654 

explanation of the meaning of the likelihood ratio led to more orthodox responses. 655 

5.4 Coherence  656 

5.4.1 Definition 657 

• “Coherence is responding to evidence in a logical manner.” “This definition 658 

excludes a range of potentially ‘incoherent’ lay responses to statistical 659 

statements that are incompatible with genuine comprehension such as the 660 

 

proceed to the second and third stages. This procedure might have induced a larger proportion of prior 

odds responses of 1 than if only an open elicitation of prior odds had been used. (The second stage 

asked participants to respond using a six-level scale in which the levels were at orders of magnitude, 

which might have influenced the values of the open odds responses that participants provided at the 

third stage.) 
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Prosecutor’s and Defense Attorney’s Fallacies (e.g., Thompson and Schumann 661 

[57]), directional errors (e.g., Martire et al. [44]), and aggregation errors (e.g., 662 

Koehler et al. [58]).” 663 

• Participants’ responses are coherent if they reflect logically correct 664 

interpretation of likelihood ratios, i.e., if they indicate that participants have 665 

avoided reasoning errors and logical fallacies.  666 

In the studies we reviewed, participants were judged to have understood the meaning 667 

of the likelihood ratios if their responses indicated that they avoided reasoning errors 668 

and logical fallacies.  669 

Diversity within and between studies with respect to which reasoning errors and logical 670 

fallacies were investigated and how they were investigated makes summarizing the full 671 

range of results with respect to coherence difficult. Instead, we focused only on the 672 

weak-evidence effect (Martire et al. [44]), and on the most widely discussed fallacy 673 

with respect to interpretation of likelihood ratios: the transposition of the conditionals, 674 

also known as the prosecutor’s fallacy (Thompson & Schumann [57]).  675 

The weak-evidence effect occurs when, for example, “weak support” for 𝐻1 is 676 

interpreted as support for 𝐻2, or a numerical likelihood ratio that is a little larger than 677 

1 is interpreted as if it were a numerical likelihood ratio that is less than 1.  678 

The prosecutor’s fallacy occurs when a likelihood ratio (the relative probabilities of the 679 

evidence given the hypotheses, 𝑝(𝐸|𝐻1) 𝑝(𝐸|𝐻2)⁄ ) is interpreted as if it were the 680 

posterior odds (the relative probabilities of the hypotheses given the evidence, 681 

𝑝(𝐻1|𝐸) 𝑝(𝐻2|𝐸)⁄ ), i.e., when the effect of the prior odds are ignored.  682 

5.4.2 Summary of results 683 

Nine of the papers reviewed used coherence as an indicator of comprehension.  684 

The weak-evidence effect was much more prevalent for verbal strength-of-support 685 
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statements than for numerical likelihood ratios. Providing participants with the whole 686 

verbal scale reduced the prevalence of the weak-evidence effect for strength-of-support 687 

statements. 688 

The prosecutor’s fallacy appeared to occur more frequently when participants were 689 

presented with numerical likelihood ratios than when they were presented with 690 

numerical random-match probabilities, and much more frequently than when they were 691 

presented with verbal strength-of-support statements, but these results may have been 692 

an artifact of experiment design.  693 

In studies that asked participants to identify fallacies in written statements, the rate at 694 

which participants failed to identify statements that contained the prosecutor’s as 695 

fallacious, was much higher than the rate of spontaneous occurrence of the prosecutor’s 696 

fallacy in studies in which priors were elicited, likelihood-ratio values were presented, 697 

and posteriors were elicited. The high rates observed for the prosecutor’s fallacy when 698 

written statement were presented might have been induced by the experiment design 699 

itself. The low rates observed for spontaneous occurrence of the prosecutor’s fallacy 700 

might suggest that the prosecutor’s fallacy is not as prevalent as it is often feared to be.  701 

The results suggest that numerical likelihood ratios are better for avoiding the weak-702 

evidence effect, but that verbal strength-of-support statements are better for avoiding 703 

the prosecutor’s fallacy (although the latter comes with the caveat that the results may 704 

have been artifacts of experiment design). These results suggest a trade-off with respect 705 

to the question of the best way for forensic practitioners to present likelihood ratios so 706 

as to maximize their understandability for legal-decision makers. 707 

5.4.3 Detailed results 708 

5.4.3.1 Papers 709 

The papers in the review that used coherence as an indicator of comprehension were: 710 

Taroni & Aitken [40], Nance & Morris [41], Martire et al. [44], Martire et al. [45], 711 
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Thompson & Newman [46], van Straalen et al. [50], Bali et al. [51] Study 2, van 712 

Straalen et al. [53], Thompson et al. [55].  713 

5.4.3.2 Weak-evidence effect 714 

As is apparent from examination of Figure 1, in Martire et al. [44] Experiment 1, 715 

Martire et al. [44] Experiment 2, and Martire et al. [45], verbal strength-of-support 716 

statements of “weak or limited support” for 𝐻1 resulted in median effective log-717 

likelihood-ratio values that were negative. In Martire et al. [44] Experiment 2, however, 718 

the weak-evidence effect was not observed for “weak of limited” support for 𝐻2, i.e., 719 

the median effective log-likelihood-ratio value was not positive.  720 

Martire et al. [45] included a condition in which a whole verbal scale including verbal 721 

strength-of-support statements and corresponding ranges of numerical likelihood-ratio 722 

values was presented.12 Presenting the whole verbal scale has been recommended in 723 

AFSP [5], Jackson et al. [59], and ISO 21043-5:2025 [60], although Marquis et al. [28] 724 

argued against this practice. As is apparent from examination of Figure 1, the results 725 

in Martire et al. [45] indicated that presenting the whole verbal scale (at least partially) 726 

alleviated the weak-evidence effect observed when only a verbal strength-of-support 727 

statement was presented; however, they also indicated that presenting the whole verbal 728 

scale did not produce more orthodox responses compared to when only a numerical 729 

likelihood ratio is presented.  730 

 
12 Martire et al. [45] presented 55 and 5,500 as numerical likelihood ratios. The corresponding 

numerical likelihood-ratio ranges on the verbal scale were 10–100 and 1,000–10,000. For the 

strength-of-support statements (with or without the whole verbal scale), the values used for 

comparison with the effective likelihood-ratio values were 55 and 5,500. The stated logic was that 55 

and 5,500 were in the middle of the numerical likelihood-ratio ranges on the verbal scale. On the 

logarithmic scaling of the verbal scales the middles of the ranges were actually 32 and 3,162, but 

using these values instead would not have affected the conclusion that the responses were not 

orthodox. 
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More fine-grained analysis revealed that, although the weak-evidence effect was 731 

strongest for verbal strength-of-support statements, it also occurred to lesser extents for 732 

other formats for presenting likelihood ratios. Martire et al. [45] reported that the weak-733 

evidence effect was exhibited in the responses of 64% of participants in its verbal-734 

strength-of-support condition, 32% of participants in its verbal-strength-of-support + 735 

verbal-scale condition, 38% of participants in its visual-representation condition, and 736 

13% of participants in its numerical-likelihood-ratio condition.  737 

Negative log-likelihood-ratio values in Figure 2 and Figure 3 also reveal small 738 

proportions of responses in Bali et al. [51] Study 2 and in Thompson et al. [55] 739 

exhibiting the weak-evidence effect for numerical random-match probabilities, 740 

numerical likelihood ratios, and verbal strength-of-support statements. As noted in 741 

Thompson et al. [55], however, these results could have been due to participants in 742 

online experiments not paying attention.  743 

5.4.3.3 Prosecutor’s fallacy  744 

In Nance & Morris [41] the random-match probability was 1 in 25, or 4%. Nance & 745 

Morris [41] therefore suggested that a posterior-probability response of 96% could be 746 

considered an indication that the participant had committed the prosecutor’s fallacy.13 747 

Assuming this to be true, participants presented with the numerical random-match 748 

probability committed the prosecutor’s fallacy at a rate of 2%, participants presented 749 

with the equivalent numerical likelihood ratio at a rate of 8%, and participants 750 

presented with both the numerical likelihood ratio and a chart for converting from prior 751 

probabilities to posterior probabilities at a rate of 9%. Nance & Morris [41] noted that 752 

the testimony using the numerical random-match probability was designed to reduce 753 

the incidence of the prosecutor’s fallacy. If these results are indeed due to erroneous 754 

 
13 The logic is, perhaps, more easily understood in terms of likelihood ratios and odds: If the 

likelihood ratio of 25 is misinterpreted as posterior odds of 25, the posterior probability is, to two 

significant figures, 25 (1 + 25) = 25 26⁄ = 0.96⁄ .  
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understanding, the rates of occurrence of the prosecutor’s fallacy was relatively low.  755 

In Thompson et al. [55], participants were presented with numerical likelihood ratios. 756 

Excluding participants whose posterior odds were consistent with them having 757 

committed the prosecutor’s fallacy but whose prior odds were 1, the number of 758 

participants who committed the prosecutor’s fallacy was 31 out of 232 (13%) for those 759 

provided with an explanation of the meaning of likelihood ratios versus 47 out of 272 760 

(17%) for those not provided with the explanation. Thompson et al. [55] concluded 761 

that, based on these results, there was no evidence that providing the explanation of the 762 

meaning of likelihood ratios reduced the prevalence of the prosecutor’s fallacy.  763 

The rates of occurrence of the prosecutor’s fallacy in Thompson et al. [55] were 764 

somewhat higher than those in Nance & Morris [41]. Since Thompson et al. [55] only 765 

presented participants with numerical likelihood ratios, the results are not informative 766 

with respect to relative coherence for different likelihood-ratio-presentation formats. 767 

In Taroni & Aitken [40], participants were presented with twelve excerpts of transcripts 768 

from real cases and asked whether the statements made in the excerpts were correct or 769 

incorrect. All twelve statements involved correct or incorrect interpretations of 770 

random-match probabilities. Three statements included the prosecutor’s fallacy. On 771 

average forensic-medicine students responded that the latter statements were correct at 772 

a rate of 69%, forensic-science students at a rate of 32%, and criminal-justice 773 

professionals at a rate of 15%. Although the criminal-justice professionals performed 774 

the best, their failure to recognize the prosecutor’s fallacy at a rate of 15% may still be 775 

of concern. Since the statements in Taroni & Aitken [40] only involved random-match 776 

probabilities, the results are not informative with respect to relative coherence for 777 

different likelihood-ratio-presentation formats. 778 

Thompson & Newman [46] gave participants three written texts interpreting the 779 

meaning of presented strength-of-evidence statements and asked them to respond 780 

whether the interpretations were correct or incorrect. Two of these interpretations 781 
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committed the prosecutor’s fallacy, one stated in odds format, e.g., “it is 100 times 782 

more likely that the DNA came from the defendant than from a random person”, and 783 

the other stated in frequency format, e.g., “there is one chance in 100 that the DNA 784 

came from any person other than the defendant”. The percentage of participants who 785 

responded that at least one of these interpretations was correct was 86% for participants 786 

who were presented with numerical likelihood ratios, 78% for participants presented 787 

with numerical random-match probabilities, and 26% for participants presented with 788 

verbal strength-of-support statements.  789 

Participants who were presented with numerical likelihood ratios were more likely to 790 

respond that the odds-format version of the prosecutor’s fallacy was correct, and 791 

participants presented with numerical random-match probabilities were more likely to 792 

respond that the frequency-format version of the prosecutor’s fallacy was correct. As 793 

discussed in Thompson & Newman [46], participants may simply have agreed with 794 

wording that was superficially similar to the wording of the strength-of-evidence 795 

format that they were presented with, i.e., they may not have carefully read the 796 

interpretations and noticed that they differed from the strength-of-evidence statements 797 

but still decided they had the same meaning. The results may have been induced by the 798 

format of the task rather than actually representing underlying understanding. Neither 799 

of the wordings of the prosecutor’s fallacy were similar to the verbal strength-of-800 

support format, and participants who were presented with that format responded that 801 

the prosecutor’s fallacy interpretations were correct at a much lower rate.  802 

The results may appear to suggest that the numerical likelihood-ratio format is more 803 

prone to eliciting the prosecutor’s fallacy than the numerical random-match probability 804 

format which in turn is more prone to eliciting the prosecutor’s fallacy than the verbal 805 

strength-of-support format, but this may be an artifact of the design of the experiment.  806 

Bali et al. [51] Study 2 presented participants with a written statement containing the 807 

prosecutor’s fallacy and asked whether it was correct or incorrect. Participants who had 808 

earlier in the experiment been presented with numerical likelihood ratios failed to 809 
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recognize that the statement was incorrect at a rate of 93%, participants presented with 810 

numerical random-match probabilities at a rate of 74%, and participants presented with 811 

verbal strength-of-support statements at a rate of 84%. The rate for verbal strength-of-812 

support statements was much higher than in Thompson & Newman [46]. 813 

The error rates for forensic-medicine students and forensic-science students in Taroni 814 

& Aitken [40] and for members of a jury-eligible communities in Thompson & 815 

Newman [46] and in Bali et al. [51] Study 2 were much higher than those observed for 816 

former jurors / jury-pool members in Nance & Morris [41] and for members of the 817 

general population in Thompson et al. [55]. The tasks that participants were asked to 818 

perform were, however, very different. Whereas Nance & Morris [41] and Thompson 819 

et al. [55] may have uncovered spontaneous instances of the prosecutor’s fallacy, the 820 

much higher rates in Taroni & Aitken [40], Thompson & Newman [46], and Bali et al. 821 

[51] Study 2 may have been an artifact of the experiment task: Participants may have 822 

agreed to statements that appeared to be superficially similar to testimony that was 823 

presented to them, rather than carefully reading the testimony and the statements and 824 

noticing that they differed but still deciding that they meant they same thing, i.e., the 825 

results may have been due to lack of attention to detail.  826 

In van Straalen et al. [50], and in van Straalen et al. [53], participants were asked to 827 

respond whether a number of statements about the presented testimony were correct or 828 

incorrect. One of these statements was “There is more than a 50% chance the 829 

fingermark belongs to the suspect.” Table 6 shows rates at which participants 830 

responded that this was correct.14 Van Straalen et al. [50] claimed that participants who 831 

responded that this was correct committed the prosecutor’s fallacy because the 832 

testimony presented the probability of the evidence given the hypotheses, not the 833 

probability of the hypotheses. At the higher strength of evidence, participants who were 834 

 
14 For simplicity, in the present paper, when summarizing multiple studies or multiple conditions, if 

multiple studies or conditions results in different values but those differences are not important, we 

write the range of values from across the studies or conditions (e.g., 40–42).  
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presented with a numerical likelihood ratio of 5M therefore appeared to commit the 835 

prosecutor’s fallacy at a higher rate than participants who were presented with a verbal 836 

strength-of-evidence statement of “extremely strong”. It seems reasonable, however, 837 

that in answering this question participants could have combined the presented strength 838 

of evidence with their own priors to arrive at their own posteriors, and then answered 839 

on the basis of whether their own posterior probability was greater than 50%, thus 840 

accounting for why participants who were presented with stronger strengths of 841 

evidence responded “correct” at higher rates.  842 

Table 6. Percentages of participants in van Straalen et al. [50] and in van Straalen et al. [53] who 843 

responded “correct” to “There is more than a 50% chance the fingermark belongs to the suspect.” 844 

Strength of evidence Numerical likelihood ratio Verbal strength of support 

5M or “extremely strong” 40–42 31 

50 or “moderately strong” 10–11 8–9 

 845 

 846 

6 Review and recommendations with respect to methodological issues 847 

6.1 Overview 848 

Many of the studies that we reviewed suffered from weaknesses in experimental 849 

design, and all the studies that we reviewed (except Thompson et al. [55]) were 850 

intended to answer research questions that differed from our own. This often led to 851 

research designs that were suboptimal for addressing our research question. In the 852 

present section, we focus on methodological issues, and make recommendations for 853 

methodology in future research that addresses our research question. 854 

6.2 Presented likelihood-ratio values  855 

In §5.2.3, based on consideration of sensitivity results across studies, we hypothesized 856 
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that participants were not sensitive to differences between presented likelihood-ratio 857 

values that all fell below a threshold, or sensitive to differences between presented 858 

likelihood-ratio values that all fell above the threshold, but only sensitive to differences 859 

between presented likelihood-ratio values if one fell below the threshold and another 860 

fell above the threshold. The posited threshold was somewhere between a presented 861 

likelihood-ratio value of 100 and a presented likelihood-ratio value of 450. To test this 862 

hypothesis, we recommend testing presentation of at least two likelihood-ratio values 863 

on each side of the posited threshold.  864 

With the exception of Martire et al. [44] Experiment 2, all studies only presented 865 

likelihood ratios for which 𝑝(𝐸|𝐻1) 𝑝(𝐸|𝐻2)⁄ > 1, and did not present likelihood 866 

ratios for which 𝑝(𝐸|𝐻1) 𝑝(𝐸|𝐻2)⁄ < 1. Martire et al. [44] found a differential effect 867 

with respect to the weak-evidence effect. To further investigate the understanding of 868 

both 𝑝(𝐸|𝐻1) 𝑝(𝐸|𝐻2)⁄ > 1 and 𝑝(𝐸|𝐻1) 𝑝(𝐸|𝐻2)⁄ < 1, we recommend presenting 869 

both. 𝑝(𝐸|𝐻1) 𝑝(𝐸|𝐻2)⁄ < 1 would be presented as numbers greater than 1, but with 870 

the hypotheses inverted, i.e., 𝑝(𝐸|𝐻2) 𝑝(𝐸|𝐻1)⁄ > 1. 871 

6.3 Elicitation of priors and posteriors 872 

For reasons explained in §5.3.3 we recommend: 873 

• that prior and posterior responses be elicited in open odds format, not as 874 

probabilities and not using a multilevel scale;15 and  875 

• that prior odds and posterior odds be elicited from the same individuals, not from 876 

different groups. 877 

 
15 A reviewer pointed out that many people are more familiar with percentages than with odds; 

however, we think the disadvantages of percentages outweigh any benefit that may be due to their 

familiarity. The form of Bayes’ theorem that uses prior odds and posterior odds is simpler, and thus 

is expected to be easier to understand than the form that uses prior probability and posterior 

probability. 
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As discussed in §5.3.3 and §5.4.3.3, if the elicited prior odds are 1 and the elicited 878 

posterior odds equal the presented likelihood-ratio value, one cannot distinguish 879 

whether the latter is due to the participant correctly applying Bayes’ theorem to the 880 

presented likelihood-ratio value or whether it is due to them committing the 881 

prosecutor’s fallacy. We therefore recommend that case scenarios be designed with the 882 

intent of eliciting prior odds that are substantially different from 1, e.g., substantially 883 

less than 1. 884 

6.4 Source level versus offence level 885 

Although all of the studies in our review presented likelihood-ratio values addressing 886 

source-level hypotheses, seven papers (Taroni & Aitken [40], Nance & Morris [41], 887 

Nance & Morris [42], Martire et al. [44], Martire et al. [45], Thompson & Newman 888 

[46], Bali & Martire [54]) did not elicit probabilistic responses phrased in terms of 889 

source-level hypotheses, but, instead, elicited probabilistic responses phrased in terms 890 

of guilt, i.e., offence-level hypotheses.16  891 

A participant could potentially have an orthodox interpretation of a source-level 892 

likelihood ratio, but (quite reasonably) consider other information or other factors when 893 

asked about their probabilistic beliefs with respect to offence-level hypotheses. The 894 

participant’s effective offense-level likelihood ratio would then differ from their 895 

effective source-level likelihood ratio. It would also differ from the presented 896 

likelihood-ratio values, giving the false impression that they did not understand the 897 

meaning of likelihood ratios. 898 

We recommend that priors and posteriors be elicited using questions that are clearly 899 

 
16 Some studies elicited binary “guilty”/“not guilty” responses. We did not consider these in our 

review. For this reason, we did not include Garrett et al. [61] in our review.  
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phrased in terms of source level, not offence level.17 900 

6.5 Extraneous information  901 

Eleven studies (Koehler [39], Taroni & Aitken [40], Nance & Morris [41], Nance & 902 

Morris [42], Langenburg et al. [43], Martire et al. [44], Martire et al. [45], Thompson 903 

& Newman [46], Bali et al. [51], Bali & Martire [54], Thompson et al. [55]) presented 904 

elaborate case scenarios.18  905 

In these case scenarios, extraneous information that was unrelated to controlled 906 

experimental factors may have affected the results in unanticipated ways. It may have 907 

affected participants’ assessments of the presented likelihood-ratio values and thus 908 

affected the strength of their effective likelihood ratios. Rather than updating their 909 

beliefs based solely on the likelihood-ratio value presented and on controlled 910 

experimental factors, participants’ updating of beliefs may have also taken account of 911 

extraneous information.  912 

Although related to an experimental factor rather than to extraneous case information, 913 

a clear example of context affecting participants’ responses occurred in Thompson & 914 

Newman [46]. In Thompson & Newman [46], participants’ responses gave more 915 

weight to the same likelihood-ratio values when they were purported to relate to DNA 916 

than when they were purported to relate to footwear marks.19 A possible explanation is 917 

that participants did not believe that footwear-mark evidence could be as strong as 918 

 
17 If activity-level testimony is presented, then priors and posteriors should be elicited using questions 

that are clearly phrased in terms of activity level, not offence level. 

18 Some other studies lacked details of what was presented as case scenarios. Van Straalen et al. [50] 

explicitly presented casework reports with minimal information. 

19 Similar results occurred in Garrett et al. [61], in which participants gave more “guilty” responses 

to the same likelihood-ratio values when they were purported to relate to fingermark-fingerprint 

evidence than when they were purported to relate to voice-recording evidence. 
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DNA evidence and so downweighed the footwear-mark evidence.  919 

Similarly, extraneous case information could have affected participants’ beliefs about 920 

the validity or trustworthiness of the presented likelihood-ratio value or could 921 

otherwise have biased how they interpreted the presented likelihood-ratio value.  922 

To focus on the interpretation of the likelihood ratio, and to minimize the potential 923 

impact of extraneous information, we recommend that case information provided, apart 924 

from that related to experimental factors, be restricted to the minimum necessary to 925 

inform prior odds.  926 

Psychologists have struggled for decades with what is sometimes called the “real-world 927 

or the lab dilemma” of whether it is better to study social phenomena in contexts as 928 

close as possible to real-world settings or in laboratory settings that are contrived to 929 

allow a greater level of uniformity and experimental control (Hollerman et al. [62]). 930 

We believe that, at this juncture, research on understanding of likelihood ratios would 931 

benefit greatly from methods that allow higher levels of uniformity and control of 932 

extraneous variables. Although it may eventually be helpful to study the potential effect 933 

that more “ecological” contexts and factors have on participants’ responses to 934 

presented likelihood ratios, we believe the first goal should be to better understand 935 

factors that, in controlled settings, affect participants’ responses to presented likelihood 936 

ratios. 937 

6.6 Perceived quality of testimony 938 

Thompson et al. [55] elicited participants’ judgements about the quality of the 939 

presented testimony, collecting Likert-scale responses to questions about whether the 940 

expert witness was qualified, whether the expert witness was credible, whether the 941 

expert witness was trustworthy, whether the expert witness was biased, and whether 942 

the methods used by the expert witness were valid. Thompson et al. [55] found a 943 

positive correlation between participants’ judgements about the quality of the 944 

testimony and their effective likelihood-ratio values. This suggested that participants 945 
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were weighting the presented likelihood-ratio values based on their judgements of the 946 

quality of the testimony. As discussed in Thompson et al. [55], this may be a perfectly 947 

reasonable thing to do, but it would result in effective likelihood-ratio values that 948 

differed from the presented likelihood-ratio values, giving the false impression that 949 

participants did not understand the meaning of likelihood ratios.20 950 

To reduce the probability that participants downweight the likelihood-ratio value 951 

because they perceive the validity of a particular branch of forensic science to be low, 952 

we recommend that conditions be tested in which the technology used and the decisions 953 

made in calculating the likelihood-ratio value are (at a high level) explained (this was 954 

done in Thompson et al. [55]), and in which validation of the forensic-evaluation 955 

system under the casework conditions is explained and the results presented (see 956 

Morrison et al. [3]), and in which the presented likelihood-ratio values is clearly 957 

supported by the validation results. These are all thing which we believed should be 958 

standard as part of a forensic practitioner’s expert testimony.  959 

Also (as was done in Thompson et al. [55]), we recommend eliciting participants’ 960 

judgements about the quality of the testimony so that these judgement can be compared 961 

with participants’ effective likelihood-ratio values. 962 

We also recommend that, when eliciting posterior odds, participants be asked not only 963 

what value they actually assigned for their posterior odds, but also what the posterior 964 

odds would be if they had applied Bayes’ theorem to the presented likelihood-ratio 965 

value. This would allow researchers to determine whether participants understand the 966 

meaning of the presented likelihood ratio in terms of being able to correctly apply 967 

Bayes’ theorem to the presented likelihood ratio.  968 

 
20 Similarly Thompson et al. [55] found negative correlations between participants’ prior odds and 

their effective likelihood ratios. Thompson et al. [55] speculated that this could be due to participants 

having a bias against arriving at extremely high posterior odds. Having a such a conservative bias 

might be considered reasonable, but it would lead to results that were not orthodox. 
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6.7 Manipulating quality of testimony 969 

Four studies (Nance & Morris [41], Nance & Morris [42], Ribeiro et al. [52], Bali & 970 

Martire [54]) included conditions in which, in addition to presenting likelihood-ratio 971 

values, classification-error rates were also presented. Ribero et al. (2020) also 972 

presented alibis of different strengths, and Bali & Martire [54] also included 973 

weaknesses in other parts of the report. These were experimental factors which were 974 

expected to affect participant’s responses, but they made it difficult to distinguish 975 

effects related to interpretation of formats for presentation of likelihood ratios versus 976 

effects related to interpretation of classification-error rates, alibis, or weaknesses.  977 

Also, although probability of a match due to random selection from a population and 978 

probability of a match due to an error have the same format and thus could be 979 

considered commensurate, for continuously-valued data, numerical likelihood-ratio 980 

values and classification-error rates are not commensurate. A likelihood ratio is not a 981 

categorical decision based on thresholding posterior odds, so the performance of 982 

systems that output likelihood ratios cannot be assessed in terms of classification-error 983 

rates (Morrison [63]).  984 

We recommend that manipulated conditions related to the quality of the testimony 985 

focus exclusively on the performance of the system (purportedly) used to generate the 986 

presented likelihood ratio, and that procedures used for assessing performance and 987 

metrics and graphics used to represent system performance be commensurate with the 988 

likelihood-ratio framework, e.g., log-likelihood-ratio costs (Cllr) and Tippett plots. For 989 

guidance on how to assess the performance of systems that output likelihood ratios 990 

(and for explanations of Cllr and Tippett plots), see Morrison et al. [3]. We further 991 

recommend that any likelihood-ratio values presented be supported by the validation 992 

results. For two well-calibrated systems, if one system has poorer performance than the 993 

other system, then the likelihood ratios output by the poorer-performing system will 994 

tend to be closer to the neutral likelihood-ratio value of 1 than is the likelihood ratios 995 

output by the better-performing system (Morrison [64]). 996 



What is the best way to present LRs - review - 2025-09-27a Page 54 of 70 

6.8 Explanation of the meaning of likelihood ratios 997 

With the exception of Langenburg et al. [43] and Thompson et al. [55], all the studies 998 

we reviewed presented likelihood ratios without any explanation of their meaning. A 999 

priori, we expect that providing an explanation of the meaning of likelihood ratios 1000 

would help legal-decision makers understand the meaning of likelihood ratios, and 1001 

believe that it would be appropriate for forensic practitioners acting as expert witnesses 1002 

to be asked to explain the meaning of likelihood ratios during examination in chief.  1003 

Thompson et al. [55] did not find convincing evidence that providing an explanation 1004 

of the meaning of likelihood ratios increased the proportion of participants whose 1005 

responses were orthodox, and (with respect to coherence) did not find evidence that it 1006 

reduced the prevalence of the prosecutor’s fallacy; however, these were the results from 1007 

only one study, and our priors are such that we recommend that future studies further 1008 

investigate the effect of providing explanations of the meaning of likelihood ratios. 1009 

The explanation of the application of Bayes’ theorem in Thompson et al. [55] used an 1010 

example likelihood-ratio value of 4, which differed from the presented value (which 1011 

was 30 or 3,000). As suggested in Thompson et al. [55], we recommend instead using 1012 

the presented likelihood-ratio value in the explanation. This would focus on the 1013 

question of whether participants understand the likelihood-ratio value actually 1014 

presented to them, rather than on the question of whether participants were able to 1015 

generalize principles of understanding from one value to another. Although ability 1016 

might be considered the gold standard for demonstrating understanding, in the context 1017 

of a case, a legal-decision maker does not have to generalize principles of 1018 

understanding to likelihood ratios in general, but does have to understand the meaning 1019 

of the particular likelihood-ratio value that is actually presented to them. 1020 

As discussed in Thompson et al. [55], in that study, the first example in the explanation 1021 

of the application of Bayes’ theorem used prior odds of 1, which may have mislead 1022 

participants into committing the prosecutor’s fallacy. As suggested in Thompson et al. 1023 
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[55], we recommend that explanations of Bayes’ theorem avoid using examples in 1024 

which the prior odds are 1. 1025 

6.9 Charts or graphics for converting priors to posteriors 1026 

In three studies (Nance & Morris [41], Nance & Morris [42], Bayer et al. [47]), in 1027 

addition to being presented with a numerical likelihood ratio, participants were also 1028 

presented with a chart or a graphic for converting from priors to posteriors given the 1029 

presented likelihood-ratio value. These could be viewed as attempts to explain the 1030 

meaning of the presented likelihood-ratio value. 1031 

The charts in Nance & Morris [41] and Nance & Morris [42] listed a selection of prior 1032 

probabilities and posterior probabilities, and the graphic in Bayer et al. [47] related 1033 

number of potential offenders to posterior probabilities. Compared to a chart or graphic 1034 

relating prior odds to posterior odds, these formats would have made it difficult to 1035 

understand and generalize the meaning of a likelihood ratio as the amount by which 1036 

one should update ones prior beliefs about the relative probabilities of the hypotheses 1037 

so as to arrive at posterior beliefs about the relative probabilities of the hypotheses, i.e., 1038 

by multiplying ones prior odds by the numerical likelihood-ratio value to arrive at ones 1039 

posterior odds.  1040 

In Nance & Morris [41] and in Nance & Morris [42], providing the chart or the graphic 1041 

did not results in a larger proportion of orthodox responses: In Nance & Morris [41], 1042 

for a presented numerical likelihood-ratio value of 25, median effective likelihood-1043 

ratio values were 4.5–9.0 when the numerical likelihood ratio alone was presented, and 1044 

4.1–5.4 when the chart was also presented. In Nance & Morris [42], for a presented 1045 

numerical likelihood-ratio value of 4,000, the median effective likelihood-ratio value 1046 

was 7.0 when the numerical likelihood ratio alone was presented, and was also 7.0 1047 

when the chart was also presented.  1048 

In Bayer et al. [47], when, in addition to the numerical likelihood ratio, a verbal scale 1049 

was presented or a verbal scale and a graphic for converting from priors to posteriors 1050 
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were presented, the median order of magnitude of the effective likelihood-ratio values 1051 

was the same as for the presented likelihood-ratio values. The results may already have 1052 

asymptoted after adding the verbal scale, so the effect of adding the chart could not be 1053 

determined (the presentation of the results in Bayer et al. [47] did not allow more fine-1054 

grained analysis than at the level of the median order of magnitude).  1055 

We recommend that any tables, chart, or explanations for how to update priors to 1056 

posteriors using a likelihood ratio be formatted in terms of odds. We recommend that 1057 

explanation of the meaning of likelihood ratios be based on the odds form of Bayes’ 1058 

theorem. 1059 

 1060 

7 Additional recommendations 1061 

7.1 Overview 1062 

The recommendations in this section come not directly from our review of published 1063 

studies, but from our insights based on broader reflection on the research question and 1064 

related methodological issues. 1065 

7.2 Best format from a theoretical perspective 1066 

Most research included in our review was agnostic with respect to theoretical issues 1067 

related to the best way to present likelihood ratios, and tested multiple presentation 1068 

formats that are in use. From a theoretical perspective, however, random-match 1069 

probabilities cannot be used if, as is the case in most branches of forensic science, the 1070 

data to be interpreted are continuously valued and have within-source variability. Also, 1071 

verbal likelihood ratios and verbal strength-of-support statements have no intrinsic 1072 

meaning, and the only way to give them specific definitions would be by reference to 1073 

the ranges of numerical likelihood ratios to which they are arbitrarily associated in 1074 

verbal scales.  1075 
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Given these problems with the other formats, we recommend that future research focus 1076 

on presentation of numerical likelihood ratios. Presenting a verbal expression in 1077 

addition to the presented a numerical likelihood ratio could be an experimental 1078 

condition (it could be hypothesized that providing a verbal expressions in addition to a 1079 

numerical likelihood-ratio value would aid understanding), but we do not recommend 1080 

presenting verbal expressions by themselves. 1081 

7.3 Written versus oral presentation of testimony 1082 

To better reflect how triers of fact in common-law jurisdictions usually receive 1083 

forensic-science testimony, rather than presenting the experiments entirely in writing, 1084 

we recommend that, as was done in Thompson et al. [55], testimony (including 1085 

explanations of the meaning of likelihood ratios) be presented via video recordings. 1086 

Video recording, rather than live acting, will maintain consistency when the same 1087 

testimony is presented at different times to different participants. We recommend that 1088 

participants also be provided with a transcript of the testimony. Access to a transcript 1089 

of testimony would be a reasonable expectation for legal-decision makers. It would 1090 

allow participants to review the testimony in detail.  1091 

In some jurisdictions or contexts, legal-decision makers make decisions on the basis of 1092 

written reports, so the written format is not invalid, but we recommend that the scope 1093 

of applicability of written-format experiments and video-format experiments be made 1094 

clear. 1095 

7.4 Individual participants versus collaborating groups of participants  1096 

In all the studies we reviewed, responses were collected from individual participants. 1097 

This may be informative with respect to understanding by individual judges or 1098 

individual lawyers, but not with respect to understanding by juries who are groups of 1099 

collaborating individuals. We therefore recommend that future research include tests 1100 

of the understanding of likelihood ratios by groups of collaborating individuals. 1101 

Procedures could be similar to those used in Bali et al. [65] to test speaker-identification 1102 
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performance by groups of collaborating listeners. 1103 

7.5 Online versus in-person experiments, and representativeness of participants 1104 

As indicated in Table 5, although some studies included in our review recruited 1105 

participants who were jury eligible or former jury members, or who were criminal-1106 

justice professionals, other studies recruited participants from more convenient pools, 1107 

such as university students. In recent years, it has become increasingly common to 1108 

conduct participant-response experiments using online platforms, and this is reflected 1109 

in the studies in our review. Recruiting participants and running experiments online 1110 

has the great advantages of being able to obtain responses from large numbers of 1111 

participants quickly and cheaply, but has the disadvantage that some participants might 1112 

not perform the task as conscientiously as participants who are invigilated during in-1113 

person experiments (or even who would be willing to take part in in-person 1114 

experiments). Recruiting participants who are judges or lawyers, or to a lesser extent 1115 

who are jury eligible, is more difficult, and running in-person invigilated experiments 1116 

is more difficult. These have the disadvantages of being more costly, more time 1117 

consuming, and of researchers not being able to recruit as many participants (the 1118 

geographically local pool of willing volunteers may be quite small). 1119 

Practically, for future research, it would make sense to conduct early experiments with 1120 

participants from convenient populations who are recruited via online platforms and 1121 

who participate as individuals in online experiments, but ultimately it would be 1122 

desirable to recruit actual legal-decision makers to participate as individuals in in-1123 

person experiments and to recruit jury-eligible participants as members of groups 1124 

whose members collaborate in in-person experiments.  1125 

 1126 

8 Conclusion 1127 

We began with the premise that forensic practitioners should use the likelihood-ratio 1128 
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framework to evaluate strength of forensic evidence, and our research question was:  1129 

• What is the best way for forensic practitioners to present likelihood ratios so as to 1130 

maximize their understandability for legal-decision makers?  1131 

We reviewed studies in which participants responded to different formats for 1132 

presentation of likelihood-ratio values:  1133 

• numerical likelihood ratios  1134 

• numerical random-match probabilities  1135 

• verbal strength-of-support statements  1136 

None of the studies we reviewed presented participants with verbal likelihood ratios.  1137 

In general, participants were sensitive to all three formats for presentation of likelihood-1138 

ratio values, i.e., they gave more weight to stronger likelihood-ratio values than to 1139 

weaker likelihood-ratio values. Considered across studies, however, the results 1140 

suggested that, rather than responding in a gradient manner, participants might have 1141 

responded differently to likelihood ratios that were below a threshold value compared 1142 

to likelihood ratios that were above the threshold value. If so, this would demonstrate 1143 

a lack of understanding of the meaning of likelihood ratios. Since the sensitivity results 1144 

were similar for all three formats, they do not help answer our research question.  1145 

In general, participants’ responses to all three formats were not orthodox compared to 1146 

updating of beliefs as per Bayes’ theorem. For all three formats, average effective 1147 

likelihood-ratio values were much weaker than the presented likelihood-ratio values. 1148 

Instead of directly using the values of the presented likelihood ratio, however, 1149 

participants might have weighted them based on other information provided, or on their 1150 

perception of the validity of the branch of forensic science to which the testimony was 1151 

related, or based on their perception of the quality of the particular testimony. This 1152 

would have led to their effective likelihood-ratio values differing from the presented 1153 
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likelihood-ratio values. Since the orthodoxy results were similar for all three formats, 1154 

they do not help answer our research question. 1155 

With respect to coherence, the weak evidence effect occurred more frequently given 1156 

verbal strength-of-support statements, and the prosecutor’s fallacy occurred more 1157 

frequently given numerical likelihood ratios, but many of the results with respect to the 1158 

prosecutor’s fallacy may have been an artifact of the experiment design rather than 1159 

being actually indicative of errors of understanding. The coherence results are not, 1160 

therefore, particularly helpful in answering our research question. 1161 

Providing a table of chart for converting from prior to posteriors, or providing an 1162 

explanation of the meaning of likelihood ratios, did not results in clearly better 1163 

understanding of likelihood ratios, and improvement from providing the whole verbal 1164 

scale was restricted to reducing the weak-evidence effect for strength-of-support 1165 

statements. 1166 

With the exception of one study (Thompson et al. [55]), none of the studies we 1167 

reviewed set out to address our specific research question, and, based on our review, 1168 

we conclude that the existing literature does not provide an answer to our research 1169 

question. We did, however, identify multiple methodological weaknesses in the 1170 

studies, weaknesses that could have affected the results. In response, we generated a 1171 

number of recommendations for methodology in future research. These 1172 

recommendations could be followed in a series of experiments that systematically 1173 

examines understanding of likelihood ratios by laypersons. We plan to conduct future 1174 

research that follows the methodology recommendations made in the present paper. 1175 

 1176 
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