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Abstract
What constitutes enough evidence to make a decision? While this is an important question across multiple domains, it takes on special 
importance in the US legal system, where jurors and judges are instructed to apply specific burdens of proof to render life-changing 
decisions. Civil trials use a preponderance of evidence (PoE) threshold to establish liability, while criminal trials require proof beyond 
a reasonable doubt (BaRD) to convict. It is still unclear, however, how laypeople interpret and apply these decision thresholds and 
how these standards compare to people’s intuitive belief (IB) of what constitutes enough evidence. Further, the extent to which their 
correct interpretation is context-dependent is currently unknown: are they unique to the legal context, or do they generalize to other 
contexts (e.g. medical, scientific, and perceptual) that also critically rely on decision thresholds? To compare burdens of proof across 
contexts requires a common parameter space. Here, we applied quantitative, psychometric analyses developed in psychophysics to 
compare decision thresholds across legal, nonlegal, and perceptual domains. We found a consistent pattern across domains in which 
BaRD was interpreted more stringently than PoE but, surprisingly, with PoE being more stringent than people’s IB. Decision thresholds 
were higher for legal contexts even when the costs of decision outcomes were equated. These results highlight how decisions are 
rendered inherently more stringently in the legal domain and suggest that laypeople’s IB are more lenient than either legal standard. 
These findings also illustrate the power of applying psychometrics to elucidate complex decision processes.
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Significance Statement

What constitutes enough evidence to make a decision? While this is an important question across societal domains, it takes on special 
importance in the legal system, where jurors and judges are instructed to apply specific burdens of proof—namely preponderance of 
evidence and beyond a reasonable doubt—to render life-changing decisions. It is still unclear, however, how individuals interpret and 
apply these decision standards and how they compare with people’s intuitive belief (IB) of what constitutes enough evidence, not only 
in the legal domain but in other domains as well. Here, we found that both burdens of proof differ from individuals’ IB and that they 
are applied more stringently under hypothetical legal scenarios than under any other domains.
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Introduction
Decision-making has been the focus of intense academic interest, 
partly owing to the fact that it is a ubiquitous cognitive process, 

and partly because of its high-stakes implications in such varied 

fields as medicine, science, and the law. A salient question in 

these areas is what constitutes enough evidence to make a choice 

between different options. The US legal system, which is based on 

an adversarial structure in which judges and juries hear compet

ing versions of the evidence, provides a compelling real-world 

context highlighting the importance of decision thresholds, as ju

rors are instructed to apply prescribed legal standards (i.e. bur

dens of proof) rather than relying on their own intuition and 

experience for what constitutes the proper threshold for render
ing a decision. There are two main burdens of proof adopted by 
the US legal system, depending on whether the case is civil or 
criminal. In civil cases, wherein plaintiffs normally only seek com
pensation for damages, the standard applicable burden of proof is 
a preponderance of the evidence (PoE). In criminal cases, in con
trast, the US Constitution demands proof beyond a reasonable 
doubt (BaRD), which seeks to minimize false positives (false con
victions) at the cost of more false negatives, i.e. the nonconviction 
of a guilty offender (1). Legal scholars consider PoE to reflect the 
point at which the scales are tipped to one side or the other (i.e. 
just over the 50–50 line (2, 3)). BaRD, on the other hand, has less 
of a precise definition but is typically aligned with a quantified 
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decision threshold of 90% (4, 5). This threshold loosely derives 
from the famed English jurist William Blackstone’s statement 
that “it is better that 10 guilty persons escape than that 1 innocent 
suffer” (5, 6).

There is a strong impetus for ensuring that these burdens of 
proof are fairly and consistently applied given the prevalence 
and high cost of such decisions for both the parties to a case 
and society more generally (7–12). Thankfully, studies of judges 
suggest that their application of the burdens of proof generally 
conforms to jurisprudence: most judges place PoE at 50–55% (2, 
3); but see (13), and their estimates for BaRD are also in accord 
with the normative expectations of close to 90% (2, 3). Most civil 
and criminal cases that make it to trial, however, are not decided 
by judges but by a jury of laypeople who have little to no legal ex
pertise in the law and its application. What is more, there is con
siderable evidence that their applications of the burdens of proof 
do not conform to the justice system’s expectations.

Jurors will often receive instructions regarding the appropriate 
burden of proof, but these instructions are almost always pur
posefully vague. And while it is ubiquitous for legal scholars and 
judges to describe (and even teach) the legal standards in terms 
of probabilities, in most jurisdictions judges and attorneys are 
specifically prohibited from instructing jurors using the same 
quantitative framework they use themselves (14). Instead, jurors 
are often instructed to interpret them as they will. It is therefore 
not surprising that studies assessing jurors’ interpretations of 
burden of proof instructions showed that these do not align well 
with the normative thresholds and judges’ interpretation of the 
thresholds. With respect to BaRD, laypeople’s estimates range be
tween 0.65 and 0.90, with most falling well below the expected 
threshold (3, 15–17). In contrast, potential jurors’ estimates of 
PoE were around 75% (Simon and Mahan (3)), indicating that their 
application of this civil burden of proof is far more conservative 
than judges’ application and what the law prescribes. It is conceiv
able that these discrepancies between judges and jurors are due to 
jurors favoring their own decision thresholds over the provided 
standards. Consistent with this possibility, individuals who con
vict tend to ascribe lower estimates of BaRD compared with those 
who acquit, indicating that people may adjust interpretations of 
the burdens of proof to align with their own decision thresholds 
(18, 19).

Given that jurors’ estimates for BaRD are typically less strin
gent than both judges’ and the normative standard (2, 3, 15, 16), 
while estimates for PoE are more stringent than the intended con
struct (3), it has been suggested that laypersons possess a single 
intuitive decision threshold falling between BaRD and PoE and 
this threshold serves as an anchor across burdens of proof (2, 3, 
15, 16). Given all these issues with the legal standards, it is surpris
ing that no studies have yet sought to systematically determine 
how they compare to individuals’ intuitive decision thresholds. 
Put another way, it is difficult to gauge the extent to which jurors 
are being influenced by their own intuitions of what constitutes 
enough evidence because we have little knowledge of what those 
intuitions correspond to.

Equally unexplored is how the application of these legal bur
dens of proof compares to decisions in domains other than a legal 
one. Are these decision standards interpreted in a particular way 
because of the legal context they are normally applied in, or do 
they generalize across contexts? To take PoE’s core definition as 
an example is the “tip of the balance” threshold interpreted simi
larly regardless of whether it is applied in law, medicine, science, 
or even perception? Or does it have a specific meaning—and appli
cation—in the legal domain? The finding that estimates of legal 

burdens of proof are markedly different between judges and ju
rors suggests that they are context-dependent, in this particular 
case, based on legal expertise. Are these contextual effects magni
fied if the decision standards are considered outside of the legal 
domain? Answering such questions will help define the context
ual space in which legal burdens of proof are interpreted and 
applied.

Comparing the effects of different burdens of proof instruc
tions across multiple domains requires bringing them into a com
mon experimental space. Here, we adopt a psychometric 
approach widely applied in psychophysics. Psychometric func
tions are simple mathematical functions that express how 
changes in a given variable/parameter contribute to changes in 
decisions (20). This analytical approach has not been widely ap
plied to the understanding of decision-making in such a complex 
domain as the law (though see (21) for a cogent application of 
signal-detection theory to forensic pattern matching and (22) for 
the novel application of a high-throughput, web-based approach 
to investigate evidence-based decision-making in criminal scen
arios). Yet, a psychometric analysis is advantageous due to its 
simplicity and ability to characterize the relationship between de
pendent and independent variables with just four parameters: 
one defining the point (threshold) at which the stimulus strength 
along the abscissa is sufficient to change the decision (e.g. from no 
to yes, customarily defined as the 50% mark), one defining the 
strength of the relationship between the variable and the decision 
(i.e. its slope), and one each defining the upper and lower asymp
totes that convey the likelihood of making a certain decision when 
the stimulus strength is at its maximum and minimum values, 
respectively (23, 24).

The advantages of applying a psychometric approach to both 
legal and nonlegal forms of decision-making are multifold: it 
not only provides a quantitative and sensitive assessment of 
the effects of manipulating variables on decision-making, it 
also can reveal specific effects that these variables may have 
on distinct parameters of the psychometric function, thus po
tentially uncovering not just whether but also how different 
variables affect decision-making. Furthermore, while previous 
studies of legal decision-making typically manipulated evi
dence strength dichotomously as either weak or strong (16, 18, 
25), a psychometric approach lends itself to examining deci
sions across a range of evidence strengths, including moderate, 
ambiguous strengths. This is particularly applicable to legal 
decision-making as cases that are most likely to go to a jury trial 
where burdens of proof are applied by laypeople are those with 
equivocal evidence (26, 27).

Here, we implement a psychometric approach to assess and 
compare decision thresholds across legal, nonlegal, and psycho
physical domains. The main objectives are to contrast the effects 
of the civil (PoE) and criminal (BaRD) burdens of proof on decisions 
relative to subjects’ intuitive beliefs (IB, no instruction) and to de
termine the extent to which the effects of these decision stand
ards are contingent on specific contexts.

Effects of burdens of proof across legal, 
nonlegal, and psychophysical domains
The first two experiments assessed the effect of legal burden of 
proof instructions on decisions across both legal and nonlegal 
textual (e.g. medical, scientific, financial) and perceptual con
texts. In experiment 1, 5,468 online participants made a single bin
ary decision to a brief textual scenario that varied, between 
subjects, the scenario context (legal or nonlegal), the strength of 
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the available evidence (from 20 to 100% probability), and the 
decision criteria instruction (IB, PoE, or BaRD). For example, a 
participant that was randomly assigned to the BaRD instruction 
with a legal scenario and an 80% probability would first read 
a one-paragraph-long scenario that would describe a criminal 
act that may have been perpetrated by the protagonist, includ
ing the 80% probability with which investigators were able to 
link the available evidence to the protagonist. They then read 
the decision criteria definition for BaRD and subsequently 
made a decision as to whether or not they believed the protagonist 
committed the crime according to the decision criterion 
(see Supplementary Section S1).

Experiment 2 sought to assess the effect of the same burdens of 
proof in the perceptual context. We used a dot motion coherence 
task that has been used extensively to study decision processes 
using psychometric functions (28–30). As such, experiment 2 rep
resents an extreme test of the contextual dependence of burdens 
of proof by evidence strength, as the characteristics of the evi
dence to be considered are clearly distinct between the legal and 
perceptual domains. In the dot motion coherence task, partici
pants decided whether they believed there was coherent direc
tional motion among dots moving about on a computer screen 
(see Supplementary Section S4). For any given trial, the evidence 
strength, corresponding to the percent of the dots that moved co
herently in a particular direction, was varied between 0 and 100%, 
with each participant assigned to one particular instruction type 
(IB, PoE, or BaRD). Note that the design of experiment 2 departed 
notably from the online single-trial, scenario-based experimental 
designs used in experiment 1 in that each of the 72 participants 
performed 180 trials in the laboratory as a necessary compromise 
for carrying out a perceptual task that typically involves the ac
quisition of hundreds of trials per subject to derive the appropri
ate signal-to-noise ratio, though we ascertained in an online 
version of this experiment (see Supplementary Section S5) that 
the results presented below are qualitatively the same when a sin
gle dot motion trial is presented to over a thousand participants.

Figure 1A shows the effect of instruction (BaRD, IB, and PoE) 
within each context, while Fig. 1B presents the effect of context 
(legal and nonlegal from experiment 1, perceptual from experi
ment 2) within each instruction. The plots are the psychometric 
functions of the likelihood of an affirmative response by evidence 
strength (i.e. participants’ subjective estimation of evidence prob
ability for the scenario-based legal and nonlegal contexts and % 
dot motion coherence for the perceptual context).

For all three contexts, there was an effect of decision criteria in
structions on participants’ decisions such that they were most 
conservative in the BaRD condition, followed by PoE and then IB 
(Fig. 2; IB vs. BaRD: −26.14 [−29.08, −22.65]; IB vs. PoE: −9.08 
[−11.77, −6.52]; PoE vs. BaRD: −17.06 [−19.55, −14.10]). This was 
further borne out in statistical comparisons of the decision 
thresholds within each context (see Tables S1.5 and S4.2 for all 
pairwise comparisons), with higher thresholds indicating that 
participants required stronger evidence to make an affirmative re
sponse. The BaRD threshold was significantly more stringent than 
both PoE and IB, and the IB threshold was significantly more leni
ent than PoE. The effect of instruction was similarly reflected in 
the upper bounds of the legal and nonlegal contexts (Fig. 2); IB’s 
upper bound was greatest (least stringent), followed by PoE and 
BaRD, with a significant difference between IB and BaRD in both 
legal and nonlegal contexts and between IB and PoE in the nonle
gal context, suggesting that even at higher levels of evidence 
strength, participants are more conservative in their decisions 
after receiving legal instructions. The effect of instructions on 

upper bound was not seen in the perceptual context, most likely 
because dot motion coherence was irrefutable at 100% coherence. 
The perceptual experiment, however, did reveal a similar effect to 
the legal and nonlegal contexts for the lower bound, with more lib
eral decisions in the IB and PoE conditions compared with BaRD 
(Fig. 2). In sum, these results suggest that participants’ decisions 
are partly consistent with the intent of the legal system in that 
they apply a more conservative decision criterion for BaRD than 
PoE. Contrary to expectations, however, participants are more 
conservative in response to PoE instructions relative to when 
they receive no legal instruction (IB). Interestingly, the slopes for 
the PoE instructions were steeper (i.e. higher) for the legal and 
nonlegal contexts than for the perceptual contexts and for the 
BaRD and IB instructions (Fig. 2, Tables S4.3 and S4.4), suggesting 
that the “tip of the balance” instruction led to a sharper delinea
tion between affirmative and negative responses, as intended by 
PoE’s burden of proof. (The absence of such sharp sigmoid delin
eation in the perceptual task is likely a result of the low number 
of trials employed in the present experiment—compared with 
the 100 s of trials in a standard psychophysical experiment— 
that led to overly conservative judgments).

We also examined the effect of context on participants’ deci
sions and found that decisions were more stringent in the legal 
than in the nonlegal context overall (legal vs. nonlegal: 13.54 
[11.35, 15.82]), also evidenced by significantly higher decision 
thresholds in the legal condition with pairwise comparisons 
(Table S1.5). When compared with the perceptual context, the 
higher stringency of the legal context only applied for the BaRD in
struction (Table S4.3), again likely due to the conservative re
sponses for PoE in the perceptual context (see above). The 
nonlegal context had the least stringent decisions across instruc
tion types (Tables S1.5 and S4.4). With respect to the slope esti
mate, the only marked difference was the shallower slopes in 
the perceptual context, again owing to a general conservative shift 
in decision criterion for this context relative to the two other con
texts (Tables S4.3 and S4.4). No systematic effect of context was 
found for the upper and lower bounds (but see above for the differ
ential effect of context for the BaRD instructions).

Finally, we compared the decision thresholds for each condi
tion (instruction × context) to the prescribed (normative) legal 
standards for PoE (just over 50%) and BaRD (90%) by determining 
whether these standards fell within the 95% CI for each threshold 
estimate (Fig. 2, Tables S1.4 and S4.1). Thresholds for BaRD were 
significantly lower than the 90% standard in all contexts (legal: 
82.55, 95% CI [79.09, 85.68]; nonlegal: 66.12, 95% CI [62.84, 69.19]; 
perceptual: 71.11, 95% CI [69.24, 72.81]). The PoE threshold was 
significantly >50% in the legal and perceptual context (legal: 
60.74, 95% CI [59.21, 62.40]; perceptual: 64.83, 95% CI [62.99, 
66.78]), while the interval for the nonlegal context was just over 
50% (52.21, 95% CI [50.05, 54.40]), consistent with the prescribed 
standard. The IB threshold was significantly >50% for the legal 
context (55.14, 95% CI [52.81, 57.42]), significantly <50% for the 
nonlegal context (36.12, 95% CI [31.95, 39.58]), and not significant
ly different from just above 50% for the perceptual context (51.69, 
95% CI [50.01, 53.43]). Thus, both the PoE and BaRD legal decision 
standards fell outside the prescribed range—though in opposite 
directions—in the legal and perceptual contexts.

Taken together, the results suggest that the application of legal 
standards is generalizable across a wide range of domains, as we 
found similar trends using legal and nonlegal scenarios as well as 
a classic perceptual motion coherence task. The results also suggest 
that participants generally adopted a more stringent decision criter
ion in the legal than in the nonlegal or perceptual context.  The only 
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exception to that finding was the high decision threshold for PoE in
struction in the perceptual context, possibly owing to participants 
interpreting PoE to mean that a preponderance of the dots had to 
move together, and they ostensibly perceived this to only be the 
case when about two-thirds of the dots did so.

Why are legal decisions more stringent?
Our finding that decision thresholds were more stringent across 
all instructions in the legal vs. nonlegal context, even using the 
same scenario-based experimental design, may indicate that 
some aspect of the legal context renders decision-makers more 
guarded in returning an affirmative decision. We considered three 
different possibilities to this difference.

First, the wording of the evidence strength differed between 
contexts. Specifically, for nonlegal scenarios, the evidence 
strength related to the same event/action that the participants ul
timately rendered a decision on (e.g. the evidence strength re
ferred to the % probability that a patient’s DNA sequence was 
indicative of a disorder, and participants were asked to judge 
whether the patient had that disorder). By contrast, in the legal 
scenarios, the objective evidence strength referred to the level 
of certainty that the physical evidence associated with the 
wrongdoing was linked to the protagonist, but participants’ 
decisions focused on whether the protagonist had committed 
that wrongdoing (e.g. the evidence strength referred to the % 

probability that the DNA was Mark’s but participants were asked 
to judge whether Mark committed the wrongdoing). While subtle, 
this may have led participants in the legal context to believe that 
Mark did not commit the wrongdoing even though they may have 
believed that the evidence was linked to him, despite our attempts 
to phrase scenarios such that the evidence could only have come 
from the perpetrator. This would result in fewer “affirmative” re
sponses in the legal context (relative to the nonlegal context) at 
a comparable evidence strength. To determine whether the great
er stringency in the legal vs. nonlegal context can be explained by 
this difference in scenario language, we ran a control experiment 
(see Supplementary Section S2) in which we modified our legal 
scenarios to match the language in the nonlegal scenarios so as 
to directly link the evidence strength to the wrongdoing that par
ticipants rendered a judgement on. The results indicate that pre
senting the legal scenarios using language that matched that of 
the nonlegal scenarios did result in less stringent legal decisions, 
but not to the extent that it can fully account for differences be
tween the legal and nonlegal contexts. This suggests that the 
more stringent decisions in the legal context are due, at least in 
part, to properties specific to the legal domain.

Another consideration applies specifically to the overly strin
gent application of PoE’s burden of proof in the legal context. It 
is possible that while our legal scenarios described acts that could 
be considered either criminal or civil wrongdoings, participants 

A

B

Fig. 1. Likelihood of an affirmative response by evidence strength (participants’ subjective evidence strength for legal and nonlegal, % dot coherence for 
psychophysical). Shaded regions are 95% CIs estimated via 1,000 bootstrap samples. Decision thresholds are marked with vertical lines and 95% error 
bars. A) The effect of instruction within each context and B) the effect of context within each instruction.
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viewed them as more criminal than civil. Thus, the overly strin
gent PoE standards observed in this and the previous study (3) 
may be driven in part by participants inferring a criminal context. 
This would not apply to the nonlegal context, for which the PoE 
threshold was consistent with the prescribed 50% standard, pre
sumably because there can be no implication of any such criminal 
context. To determine whether the overly stringent application of 
the PoE standard in the legal context can be explained by partici
pants inferring a criminal context, we ran a control experiment in 
which participants responded to the PoE instruction for a legal 
scenario in an explicitly civil context (i.e. protagonist faces litiga
tion for wrongdoing). We found that presenting the PoE instruc
tion in an explicitly civil legal context did not result in a more 
lenient application of the instruction compared with the original 
experiment (see Supplementary Section S3). This suggests that 
the overly stringent application of the PoE standard is not due to 
participants inferring a criminal context, and provides further evi
dence that the more stringent decisions observed in response to 
legal vs. nonlegal scenarios are due to specific aspects of the legal 
context.

A third possibility is that the distinctive stringency of legal de
cisions is due in part to participants implicitly attaching a punish
ment to a culpability verdict despite our attempt to keep the 
prompt language neutral (i.e. no use of “guilty” or “responsible”), 
which may increase decision thresholds due to the inferred nega
tive consequences to the defendant. It is common knowledge that 
more severe crimes generally call for harsher punishment, and it 
is reasonable to expect that individuals are aware that defendants 
will face consequences if found guilty. In that context, partici
pants may be more averse to a false positive (convicting an inno
cent person) than a false negative (acquitting a guilty person) in 
the legal context; indeed, the BaRD standard is founded on this 
very principle, favoring false acquittals to false convictions at a 

10:1 rate (4, 5). Furthermore, several of the nonlegal scenarios 
used in experiment 1 may have encouraged more lenient thresh
olds as a false positive would be preferable to a false negative (e.g. 
it may be better to proceed with a treatment on a patient who is 
incorrectly diagnosed as positive for a disease than failing to apply 
the treatment to a patient who is wrongfully diagnosed as nega
tive for the disease).

In experiment 3, we tested the hypothesis that legal decisions 
are more stringent because they conjure inherent costs/conse
quences associated with such decisions. We explicitly informed 
participants of the potential outcomes of their decision before 
they rendered it, and manipulated the costs associated with these 
decision outcomes both within and across scenarios. We also as
sessed how the effect of cost is influenced by the legal instruction 
(PoE, BaRD, or no instructions) and by the contextual domain (i.e. 
legal vs. nonlegal). Thus, the experimental design of experiment 3 
was similar to experiment 1 except for the inclusion of a decision 
cost statement following the instructions statement that stated 
the consequences of rendering an affirmative response (e.g. that 
the protagonist had committed the crime or that they were af
flicted with a disease). For each scenario, the stated costs were ei
ther in dollar amounts or duration, each varying between a “low” 
and “high” cost level (e.g. $10,000 vs. $100,000 of legal or medical 
costs, or 1 vs. 10 years of incarceration or incapacitation) (see 
Supplementary Section S6). Finally, we lengthened the nonlegal 
scenarios to make them comparable in the number of words to 
the legal scenarios. In experiment 1, nonlegal scenarios consisted 
of two sentences while legal scenarios consisted of five to seven to 
establish the “closed” environment for the wrongdoing. Equating 
scenario length serves to eliminate another possibility for the dif
ferences between legal and nonlegal scenarios.

As in experiment 1, we collapsed the nonlegal domains into a 
single nonlegal context (see Supplementary Section S6B for 

A

B

Fig. 2. Decision thresholds (% evidence strength at likelihood of affirmative = 0.50), upper bounds (likelihood of affirmative at % evidence strength = 100), 
lower bounds (likelihood of affirmative at % evidence strength = 0), and slope estimates (delta likelihood/delta % evidence strength at likelihood of 
affirmative = 0.50) by instruction and context. 95% CIs estimated via 1,000 bootstrap samples. Top row A) shows the effect of Instruction within each 
context, while bottom row B) shows the effect of context within each instruction.
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results broken down by domain). We first compared the effect of 
instructions on decision thresholds within context (Figs. 3A and 
S6.2) and the effect of context within instruction (Figs. 3B and 
S6.3), collapsing across decision costs. Consistent with experi
ment 1, the effect of instructions on decision thresholds was simi
lar across all contexts such that IB < PoE < BaRD (overall IB vs. 
BaRD: −16.90 [−18.80, −14.82], IB vs. PoE: −5.77 [−7.66, −4.01], 
PoE vs. BaRD: −11.13 [−12.95, −9.32]; legal vs. nonlegal: 12.84 
[11.15, 14.28]), and decisions were most stringent in the legal con
text across all instructions with a decision threshold significantly 
greater than for the nonlegal contexts (see Table S6.1 for all pair
wise comparisons). We did not observe clear patterns of signifi
cant differences between the slope or asymptote parameters for 
this or the following analyses, so we focus our results on the deci
sion thresholds.

While the effects of context and instructions were predicted, 
that was not the case for the effect of costs. Specifically, we did 
not observe an effect of cost within any of the contexts (Fig. 3C), 
with no evidence of a trend between high and low costs 
(Fig. S6.4). The designation of a cost as low vs. high was relative 
to each scenario, and the low cost in one scenario could be greater 
than the high cost of another scenario within the same context 
(e.g. low-level cost for murder = 10 years in prison, high-level 
cost for prescription drug theft = 5 years in prison), which could 
complicate the interpretation of data collapsed across low and 
high costs. To assess the effect of cost within each context uncon
founded by the relativity of the costs, we compared the absolute 
cost amount provided to participants in each context. This abso
lute cost analysis yielded the same result as the relative cost 
analysis: cost amount had little impact on decisions (see Figs. 
S6.5–S6.8 and Tables S6.2–S6.5):overall, decision thresholds were 
not significantly different between absolute cost amounts within 
the legal and nonlegal contexts.

While varying the costs had no effect on decision thresholds, it 
is possible that adding any cost to a decision that would otherwise 
have no cost could affect decision thresholds. To determine 
whether including any cost (low or high) influenced decisions, 
we compared decision parameters obtained in the legal context 
for experiment 3 (which had either low or high decision outcome 
costs) to those from experiment 1 that included identical legal 
scenarios but without any decision outcome cost given. Here 
again, save for a small difference between the high cost and no 
cost for the IB instruction, we did not observe differences between 
the costly decision conditions (either low or high) and the no-cost 
condition (Fig. 3D, Table S6.6). Thus, there were no differences in 
participants’ decision thresholds regardless of whether there were 
no costs or varying amounts of costs to the decisions.

The distinctive effects of societal contexts and decision costs 
on decision thresholds are best revealed when plotting decision 
thresholds by ascending cost amounts across contexts (Fig. 4A). 
The data are not collapsed across nonlegal domains here so that 
we can compare the effects of absolute monetary and time costs. 
First, this figure reveals how little the decision thresholds change 
with ascending monetary or time costs, consistent with the re
sults described above. Instead, we observed the same trend as in 
Fig. 3B, with the legal decisions being more stringent than any of 
the nonlegal decisions. The predominance of the effect of contexts 
over the effect of costs is most striking when comparing decision 
thresholds across contexts for specific duration costs or financial 
costs. For example, the 6-month legal cost has a higher decision 
threshold than medical costs that are twice as long (Fig. 4A). 
This may be explained, however, by the fact that participants 
deem 6 months of incarceration as being far costlier than 1 year 

on a liquid diet. Comparison across domains is more appropriate 
when the monetary costs are comparable, which is the case for 
the $10,000 and $100,000 monetary costs. Pairwise comparisons 
within the $10,000 cost amount found that the legal threshold 
was significantly greater than all of the nonlegal thresholds, while 
the threshold for the medical domain was significantly greater 
than for individual general insurance (Table S6.7). Similar pat
terns were obtained for the $100,000 cost (Table S6.8). Most strik
ingly, the decision thresholds for the $10,000 legal costs were even 
greater than the decision thresholds for all the $100,000 nonlegal 
costs. Thus, decision thresholds in the legal domain are more 
stringent than in other domains not only when decision costs 
are explicitly equated across contexts, but even when the finan
cial costs are higher in the other contexts.

It could be argued that we did not observe an effect of costs be
cause the low and high costs were not sufficiently different from 
each other for the participants to code them as distinct. For that 
matter, these costs may not be sufficiently different from no costs 
at all to affect decision thresholds. We explore this possibility in a 
separate experiment by having participants rate on a Likert scale 
the severity of the different scenario costs used in experiment 3 
(see Supplementary Section S7). Participants clearly distinguished 
between the severity of the low and high costs (Fig. 4B). Some of 
the nonlegal costs were even rated as more severe than the indi
vidual legal costs, yet the legal context had the most stringent de
cision thresholds. These results rule out a failure to discriminate 
between decision costs as a cause for the lack of an effect of 
cost outcomes on decision thresholds in experiment 3. Overall, 
the cost experiment suggests that the perceived severity of the 
cost associated with a decision does not influence the decision 
threshold and that legal decisions are applied more stringently 
than other types of decisions.

Discussion
In a series of experiments, we implemented a psychometric ap
proach to quantitatively assess the effect of legal standards of 
proof (PoE, BaRD) on decision thresholds to compare these bur
dens of proof to people’s own IB in both legal and nonlegal con
texts. There are three main takeaways from these experiments: 
(i) our intuitive decision standards tend to be more liberal than 
not only the BaRD standard but also PoE across contexts, (ii) legal 
decision standards are more stringent than nonlegal judgments 
across widely different contexts (i.e. medical, scientific, and per
ceptual), and (iii) this higher stringency is not due to the potential 
costs associated with rendering a legal (or nonlegal) decision. 
Moreover, the present study reveals the analytical power of the 
psychometric approach in investigating complex decision stand
ards within and across domains.

An important aim of the present study consisted in assessing 
how decision parameters for the BaRD and PoE instructions com
pared not only to each other but especially to participants’ deci
sions in the absence of any legal instruction (i.e. IB). Across both 
legal and nonlegal contexts, including the perceptual domain, de
cision thresholds (at 50%) were highest for the BaRD instruction, 
followed by the PoE instruction and lastly by the IB condition. 
That the BaRD thresholds were more stringent than the PoE 
thresholds is consistent with the ideal distinction put forth by 
the legal system (1, 4) as well as with previous work quantifying 
these burdens (3). This appears to be a robust trend as it held 
true across methodologies and contexts in the present study. 
Another finding consistent with prior work (2, 3, 15, 16) is that 
the decision threshold estimates were more stringent than legally 
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prescribed for PoE and more liberal than prescribed for BaRD. PoE 
is meant to fall around a “tipping of the scales” at just above 50%. 
However, previous studies have found that jurors and judges alike 
tend to interpret PoE as having a threshold >50%, with estimates 
for judges ranging between 50 and 55% and jurors estimating 
PoE as high as 75% (2, 3). Our findings suggest that individuals 
are overly stringent in applying the PoE threshold not only in the 
legal domain but even in the absence of a legal context (e.g. under 
nonlegal scenarios and perceptual contexts). By contrast, we 
found that decision thresholds for the BaRD instruction were 
more lenient than the prescribed 90% threshold, consistent with 
previous studies (2, 3). Our experiments did not have particularly 

high stakes; however, it may be the case that actual jurors would 
apply a more stringent BaRD threshold when dealing with a real 
legal case with actual consequences. As a counter to this argu
ment, the PoE interpretations were overly stringent despite the 
lack of real-life consequences so it seems unlikely that this alone 
accounts for the discrepancy. One notable exception to the overly 
lenient application of the BaRD standard was the participants’ 
conservative response to this instruction when the evidence was 
seemingly irrefutable (i.e. 100%), regardless of scenarios (legal or 
nonlegal) or domains (cognitive or perceptual) tested. This finding 
suggests that people may have an inherent aversion to accepting 
absolute levels of proof.

A

B

C

D

Fig. 3. Likelihood of an affirmative response by subjective evidence strength. Shaded regions are 95% CIs estimated via 1,000 bootstrap samples. Decision 
thresholds are marked with vertical lines and 95% error bars. A) Effect of instruction within the legal and nonlegal contexts. B) Effect of context within 
instruction. C) Effect of low vs. high relative costs within context collapsed across instruction types. D) Comparison of no cost data of experiment 1 to the 
low- and high-cost data of experiment 3 by instruction types for the legal context. Legal scenarios are identical between experiments 1 and 3.
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The overly stringent application of PoE and overly lenient appli
cation of BaRD observed in this and previous studies (2, 3, 15, 16) 
has been interpreted as resulting from individuals shifting each 
standard to align more closely with an intuitive decision threshold 
that falls somewhere between them. The finding that partici
pants’ IB thresholds were more lenient than the PoE thresholds 
is inconsistent with this interpretation. Indeed, participants’ IB 
thresholds fell closer to the 50% normative standard than PoE 
thresholds for both the legal and nonlegal contexts, which sug
gests that intuitive decision thresholds may be quite liberal and 
naturally reflect the idea of “more likely true than not” more faith
fully than the intended PoE instructions. We surmise that pattern 
jury instructions adopted by federal courts for PoE may be over- 
specified, adding an unintended gravitas to the instructions that 
paradoxically brings decision thresholds further away from the 
near 50% criterion desired by the law and espoused by people’s 
IB. It should be noted, however, that our instructions did not ad
here to the legal terms typically prescribed for applying the PoE 
and BaRD standards—namely “liable” or “responsible” for the for
mer and “guilty” for the latter—in order to have a common linguis
tic ground across all contexts (it would be nonsensical to use 
“guilty” in the medical context, for instance). It is possible that 
the inclusion of these legal terms could differentially impact deci
sion thresholds across instructions. Clearly, our present findings 
call for further studies in that respect.

A robust finding of the present study is the systematic effect of 
context on decision-making, as decision thresholds were consist
ently greater for the legal compared with the nonlegal context 

across instruction types. We assessed several possibilities to ac
count for those results. We first ruled out that this effect may be 
due to subtle differences in scenario phrasing (see Supplementary 
Section S2), inferring a criminal context for PoE (see Supplemental 
Section S3), or even just differences in scenario length and complex
ity. Yet another experiment directly addressed whether these find
ings could be due to the implicit costs that participants inferred 
while making legal decisions. The main upshot of experiment 3 is 
that laypeople’s decisions were unaffected by the explicit costs ma
nipulation despite considerable differences between low and high 
costs, which differed as much as 10-fold. Thus, like Freedman 
et al. (31) and Teitcher and Scurich (17), we did not observe an effect 
of punishment severity on legal decisions. Even a wrongdoing asso
ciated with 6 months of incarceration led to the same decision 
threshold than a far more serious wrongdoing tied to a 
100-year-long incarceration. The fact that participants were not ex
posed to the two levels of decision costs for the same scenario was 
likely important in the outcome of our results as it prevented refer
ence effects in punishment costs that plagued earlier studies (see 
(17)). Importantly, however, experiment 3 still showed that legal de
cisions were inherently more conservative than any other contexts. 
It is striking that we found that the context in which the decision is 
rendered is far more important in determining the decision thresh
old than is the cost of making that decision. This is most obvious in 
the comparison of monetary costs because we presented the same 
cost amounts in multiple contexts ($10,000 or $100,000) and found 
that even for the same cost to an individual, the legal context still 
resulted in more stringent decision thresholds. Furthermore, this 

A

B

Fig. 4. A) Decision thresholds with 95% CIs by cost amount in ascending order. B) The mean severity ratings ± 95% CIs by cost amount in ascending order. 
The left panels include monetary costs, while the right panels include duration costs. Color and shape of data points designate the scenario context. Low 
costs are represented by dashed lines, while high costs are represented by solid lines (low vs. high costs are relative terms to refer to differential costs 
applied within each context; see Supplementary Section S6A).
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effect was so pronounced that a $10,000 punitive cost to an individ
ual in the legal context led to more stringent decisions than $50,000, 
$100,000, and even $1,000,000 costs to individuals in other contexts. 
We suggest that laypeople may be more reluctant to render an af
firmative legal judgment not because they anticipate specific mon
etary or imprisonment consequences to the defendant, but rather 
because it conjures an inherently detrimental impact that such a 
judgment will have on the life of the defendant. In other words, 
the legal domain may implicitly call for more stringent decision cri
teria simply because convictions are inherently associated with 
harmful consequences to the defendant’s reputation, liberty, and/ 
or financial prospects. In contrast, decision-making in other con
texts is not inherently or necessarily detrimental. For example, in 
the medical domain, the cost of the treatment, whether in dollars 
or in time, may ultimately lead to improved long-term health out
comes for the patient. Indeed, the legal context may be unique in 
that substantial costs (monetary, incarceration, and even capital 
punishment) can be imposed on an individual without there being 
any potential benefit to the individual themselves (though some 
may argue for the correctional value of incarceration). In that con
text, laypeople may be more stringent in rendering legal decisions 
because they are hesitant to impose a punitive cost on a person 
that may be innocent after all (as suggested by subjective evidence 
probabilities), whereas they are less stringent in the other contexts 
because they infer redeeming values to these costs (e.g. a person’s 
improving health). In some ways, the findings that legal decision 
costs appear to have little impact on the decision criterion and 
that legal decisions are rendered more conservatively than deci
sions in other contexts regardless of the actual punitive costs may 
be welcome news to the legal system. Decisions about guilt should 
not, ideally, be influenced by the outcome of that decision—the 
criminal justice system separates the trial phase and the senten
cing phase, after all—and legal decisions should be inherently con
servative given the serious implications they have upon the life of 
the individual.

Much of the robustness of our findings can be ascribed to the 
use of a psychometric approach as it provided a common analyt
ical framework to compare and quantify the application of bur
dens of proof across legal, nonlegal, and even perceptual 
domains. Observing the same effect of instructions (i.e. IB < PoE  
< BaRD) across such different contexts indicates that this finding 
is not simply due to methodological considerations such as differ
ences in scenario content or providing a frequentist probability es
timate. Moreover, each of the four psychometric parameters 
reveals distinct features of decision-making beyond what can be 
glanced at by just looking at single measures of decisions. For 
one, the decision threshold provides an estimate of the evidence 
strength needed to make a “yes” response more likely than a 
“no” response (i.e. evidence strength where y = 50%). These deci
sion thresholds were useful in not only demonstrating the relative 
decision stringency between our different conditions, but also 
providing an estimate of the discrepancy between the application 
of the legal PoE and BaRD standards and their prescribed intent 
(just over 50 and 90%, respectively). By contrast, the slope pro
vides an estimate of the strength of the relationship between 
the probability of the evidence and the decision outcome. The 
PoE instruction applied to the legal context illustrates well how 
these two psychometric parameters inform different aspects of 
the decision-making processes: while the decision threshold was 
significantly higher than 50% (meaning participants applied the 
standard more stringently than intended), the slope was steeper 
than for the IB and BaRD instructions (meaning subjects’ deci
sions were more responsive to changes in evidence under PoE 

than the other conditions). The latter finding is in line with the 
concept that the PoE standard is a tipping point between two de
cisional outcomes, even though we found that tipping point to 
be more stringent than prescribed by the judicial system. 
Finally, the lower and upper bounds of the psychometric function 
can reveal limitations in the relationship between evidence and 
decision, as exemplified by the diminutive upper bound of the 
BARD instruction in legal scenarios of experiment 1, thus reveal
ing how BaRD instructions can lead to conservative decisions 
even under absolute (100% probability) conditions. Evidently, 
the application of the psychometric approach to legal decision- 
making provides a powerful tool to dissect even complex decision 
processes.

Despite the power of this approach, we acknowledge some po
tential limitations. First and foremost, our emphasis on rigorous 
experimental control and parametric manipulations favors scien
tific interpretability at the expense of external validity. For ex
ample, in real-life court cases, multiple pieces of evidence are 
considered together before drawing a legal judgment, and jurors 
hear from conflicting points of view. It would be worthwhile to de
termine whether our findings would be replicated in mock trial sit
uations where a quantified error rate to some inculpatory or 
exculpatory testimony would be introduced by an expert. 
Furthermore, presenting a wider range of potential costs in 
mock trial situations could help determine whether there is a 
point at which the decision cost may have an impact on decision 
outcomes.

We also recognize that the present findings apply only to single 
individuals’ judgement. Juries in the court of law make decisions 
as a group and need to reach either a unanimous (in criminal tri
als) or near-unanimous (civil cases) decision. The burden of proof 
thresholds of individuals vary—as evidenced by the error bars in 
our data—and a consensus must develop across jurors for a ver
dict to be reached (absent of a hung jury). How group dynamics 
would affect the present findings is a fascinating topic that merits 
further studies. Finally, we are cognizant of the law’s reticence, if 
not aversion, to naked statistics and probabilities (see (32) and 
references therein), and rare are the cases that are swayed by 
clear-cut statistical evidence. It does not mean, however, that 
the law should not aspire to being more receptive to quantitative 
assessments when those bear relevance to the aims of the bur
dens of proof ascribed by the judicial system.

These limitations notwithstanding, the upside of comparing 
burdens of proof and decision standards across a wide range of do
mains by means of a common parameter space is substantial. 
Specifically, the present research applies a psychophysical ap
proach to examining legal decision-making and comparing it 
with other societal domains and to people’s intuitive decision 
standards. By doing so, the findings from this and future work 
can isolate how variables of interest, such as juror instructions, 
prejudicial information, or punishment outcomes, can influence 
legal decision-making and help determine how legal decision- 
making is distinct from making judgments in other contexts. As 
such, these studies may yield insights into the foundational proc
esses of decision-making in not only law, but also a broad range of 
societal domains where decisions are at once complex and 
consequential.

Materials and methods
Participants in all experiments provided informed consent, and 
the experimental protocol was approved by the Vanderbilt 
University Institutional Review Board. The details of all 
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experimental procedures and data analyses are provided in 
Supplementary Material, Extended Methods.

The data and code for the primary analyses underlying this art
icle are available on Open Science Framework DOI 10.17605/OSF. 
IO/GR97N, at https://osf.io/gr97n. This study was part of disserta
tion work by Hartsough (33).
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