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Abstract

Neuroscientific evidence is increasingly utilized in criminal legal proceedings, prompting dis-
cussions about how such evidence might influence legal decisions. The effect of neurosci-
entific testimony on legal decisions remains uncertain, with some studies finding no effect,
others reporting that neuroscience has a mitigating impact, and some indicating neurosci-
ence evidence has an aggravating effect. The present study attempts to explain these diver-
gent findings by showing that the effect of neuroscience evidence on sentencing interacts
with beliefs about the goals of the criminal legal system. Using a between-subjects design,
participants (N = 784) were asked to assume different rationales for imprisonment, before
receiving neuroscientific evidence about antisocial behavior and its potential relation to the
defendant. Participants recommended a sentence for the defendant prior to and after read-
ing the neuroscientific evidence. Participants who were given the rationale of retribution as
the primary goal of imprisonment significantly decreased their sentencing recommenda-
tions. When the goal of imprisonment was to protect the public from dangerous people, par-
ticipants provided longer post-testimony sentences. Lastly, when the goal was to
rehabilitate wrongdoers, participants also increased sentences from pre to post. Thus, the
impact of neuroscientific evidence is not monolithic, but can lead to either mitigated or
aggravated sentences by interacting with penal philosophy.

Introduction

The past several decades have seen a rapid rise in the use of neuroscientific evidence in crimi-
nal proceedings. Illustrating this trend, in the United States there were approximately 100 judi-
cial opinions that discussed neuroscientific evidence in 2005, whereas by 2012 there were as
many as 300 [1]. In response to this changing legal landscape, scholars and lay people alike
have expressed concerns about how the use of neuroscience evidence may affect legal decisions
[2-6]. In particular, neuroscientists and legal scholars have warned that neuroscience claims
[7] used in criminal proceedings may exaggerate the scientific findings upon which they are
based and that such claims may fail to adequately express the limitations of neuroscience [1,
8-10]. Thus fears have been raised that neuroscience may have a special persuasive power, or
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“seductive allure” that renders even illogical and irrelevant pseudo-scientific explanations con-
vincing [11].

Review of the effects of neuroscientific evidence

Despite these concerns, the actual effect of neuroscientific testimony on legal decisions
remains unclear. For example, it is estimated that only 20% of defendants achieve a favorable
outcome after using neuroscience evidence in their defense [1]. Consistent with what has been
observed in real-world court settings, empirical findings on the effect of neuroscientific evi-
dence on legal decisions also have been mixed (see [12] for a review; [13]).

Some studies have found that neuroscientific evidence has no effect on hypothetical verdicts
and sentences [14-20]. For instance Schweitzer and colleagues [19] examined the effect of neu-
roscientific testimony on guilty vs. not guilty verdicts and sentencing decisions. Mock jurors
received a case, describing a defendant who was charged with murder, along with the evidence
from an expert who testified that a brain scan revealed a frontal lobe defect that caused the
defendant to be incapable of the intent necessary to be found guilty of murder. Across the four
experiments, the neuroscientific testimony failed to impact the mock jurors’ verdicts and sen-
tencing decisions. Similarly, Appelbaum, Scurich and Raad [21] found that when genetic and
neurobiological evidence was presented as expert testimony concerning the defendant’s pre-
disposition towards violent and impulsive behavior, the testimony failed to significantly affect
lay participants’ prison sentencing decisions.

In contrast, others have found that such evidence can be mitigating [22-26]. Aspinwall and
colleagues [22] found that presenting participants with neurobiological evidence about a
defendant charged with aggravated battery significantly reduced the suggested sentence. In
this study, a sample of U.S. judges read a vignette (described as expert testimony) about a
defendant who had been diagnosed with psychopathy. In addition to this vignette, some judges
also read expert testimony from a neurobiologist who identified biological mechanisms that
can lead to the development of psychopathy. Sentences among the judges who were given the
neurobiological evidence were significantly lower than among those given no such evidence.

Finally, some studies reported that neuroscience evidence can be aggravating [27, 28]. For
example, Appelbaum and Scurich [27] found that genetic evidence about a defendant length-
ened lay participants sentencing recommendations. In this study, the defendant had commit-
ted an impulsive homicide, and the genetic evidence was used to explain his tendency towards
impulsivity and violence. However, the genetic evidence increased sentences, when this evi-
dence was combined with testimony about the defendant’s history of abuse as a child.

Proposed explanations for the mixed results

What might explain these divergent effects? There may be multiple reasons, including the type
of the crime committed by the defendant, whether the defendant is described as having a psy-
chological disorder (e.g., psychopathy), the type of neuroscience evidence presented, and the
comprehensibility of the evidence. Additionally, one reason for the mixed results also may be
that the effect of any evidence, including neuroscience, on sentencing interacts with people’s
views on the goals of the criminal legal system.

According to penal philosophy, there are three prevailing goals of imprisonment (see [29-
31]): the goal of punishing wrongdoers for the sake of retribution, the goal of incapacitating
those convicted of crimes and keeping the public safe, and the goal of rehabilitating wrongdo-
ers to help them re-enter society without posing as much risk to others (see the discussion sec-
tion for other possible penal philosophies). In the United States, the rehabilitation rationale
enjoyed some popularity in the 1970s and early 1980s, but by the mid-1980s, the rationales of
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retribution and incapacitation had come to the forefront [31-33]. Other countries—notably
those throughout Scandinavia—use the rehabilitation rationale to design their prison systems
[34]. It is possible that the specific rationale guiding incarceration in a given system can cause
individuals to consider neuroscientific evidence as either mitigating or aggravating.

To begin, we will discuss the retribution rationale. In a criminal legal context, retribution is
the infliction of an aversive consequence on an individual who breaks the law [31]. Specifically,
imprisonment punishes by depriving the individual of their physical freedom, psychological
well-being, material possessions, and other financial resources. In addition, imprisonment
may result in physical harm in the form of violence from correctional officers or other incar-
cerated individuals [31]. The punishment serves as a form of retribution in proportion to the
wrongs committed against another individual and/or society [31]. If people view the goal of
incarceration as retribution, neuroscientific explanations for a wrongdoer’s behaviors could
mitigate sentencing because people perceive neurobiological and genetic characteristics as
inborn and outside the individual’s control [35-37]. As a result, the person also is seen as less
blameworthy (e.g., [13, 35, 38, 39]) and, therefore, less deserving of retributive punishment
[40-42].

A second rationale for imprisonment is the incapacitation of dangerous or law-breaking
people by removing them from society. Incarceration according to this rationale also might
require the state to determine an individual’s likelihood of future dangerousness and recidi-
vism [31]. When people consider incapacitation for the sake of public safety as a rationale for
imprisonment, they could consider neuroscientific evidence about a defendant to be aggravat-
ing because people perceive neurobiological and genetic characteristics to be immutable [35,
36, 43]. If an individual has a biogenetic risk factor for antisocial behavior, people may incor-
rectly interpret this to mean that antisocial behavior is a fixed trait grounded in their unchang-
ing, biogenetic essence [37, 40-42]. Therefore, the individual will be seen as a more permanent
threat to public safety [13].

A third rationale for imprisonment is rehabilitation. Rehabilitation is the process of chang-
ing unwanted behaviors by some intervention [31], for instance treatment programs in prison.
When people consider rehabilitation as a rationale for imprisonment, they might consider
neuroscientific evidence about a defendant to aggravate sentences. As demonstrated in past
studies, when people were presented with biological attributions for psychological disorders,
they became pessimistic about recovery [44-47] because neurobiological and genetic charac-
teristics are believed to be relatively unchangeable. Therefore, when incarceration is conceived
as rehabilitation, neurobiological evidence may make people recommend longer terms of sen-
tencing because they will be pessimistic about the defendant’s likelihood of recovery.

Taking these rationales, we suggest that the mixed or null effects of neuroscience evidence
on sentencing were obtained in the past studies because people holding different views may
cancel out the effects within the same study [40]. That is, if some participants were thinking
about retribution, their sentencing recommendations may have been mitigated with neurosci-
ence evidence, whereas others may have considered public safety or rehabilitation, which may
have aggravated their sentences. Alternatively, when someone considers more than one of
these rationales simultaneously, they may show little change in their sentencing decisions with
neuroscientific evidence, thus leading to null findings.

Overview of the present study

The present study aims to provide the first test of how different rationales for imprisonment
affect people’s use of neuroscientific evidence about antisocial behavior and its potential rela-
tion to the defendant when recommending a sentence. In order to do this, we instructed
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participants to consider a hypothetical country which holds one of the different rationales for
imprisonment (i.e., retribution, safety for the public, rehabilitation), before they received neu-
roscientific testimony about a defendant. That is, we devised manipulations to explicitly
describe different penal philosophies, thereby removing the ambiguity around which concerns
are being activated with neuroscientific evidence. Before and after participants received the
neuroscientific evidence, they were asked to recommend a sentence length for the defendant.
We hypothesized that neuroscience explanations for the defendant’s crime would increase the
prison sentence in the country whose penal philosophy is based on rehabilitation or protecting
the public from the danger, whereas it would decrease the prison sentence in the country
whose penal philosophy is based on retribution. In addition to the three conditions where dif-
ferent goals of incarceration were explicated, there also was a control condition which did not
specify any rationale, and given the mixed results in the past when different philosophies are
left for participants to weigh in differently, we did not have any specific hypothesis about the
control condition.

Materials and methods
Participants and recruitment

Participants were recruited online, using Amazon mTurk Toolkit, a platform developed by
Cloud Research. Eight hundred and two U.S. adults completed the study. In accordance with
much of the previous work in this area (e.g., [14, 24, 27]), the present study used lay samples to
render sentencing recommendations, although in the real world sentencing typically falls to
judges.

Participants were excluded if they failed to demonstrate comprehension of the study
vignettes (i.e., if they failed an attention check twice), or if they failed to meet the minimum
educational criteria (i.e., some college-level coursework or an associate degree), which were
used to ensure that participants possessed the reading abilities required to comprehend the
study vignettes, including a passage about neuroscience.

Design, stimuli, and procedures

This study is pre-registered at Open Science Foundation (see https://osf.io/c5vr4). The Yale
University Institutional Review Board approved the study. All study procedures (see Fig 1)
were administered online, using Qualtrics.com survey software. Prior to beginning the study
procedures, participants were provided with an online informed consent form. This form
described basic information about the study and only those participants who checked the
form’s box labeled, “I have read the above information and agree to participate in the study”
were permitted to proceed. After providing consent, participants were randomly assigned to a
control condition or to one of three experimental conditions.

Participants assigned to one of the experimental conditions first read a brief, condition-spe-
cific vignette describing the primary rationale for incarceration in an unidentified country.
The three “country” vignettes described, respectively, the rationale 1) to exact retribution on
wrongdoers, 2) to keep the public safe from dangerous law-breakers, and 3) to rehabilitate
those convicted of crimes. In these vignettes, participants were explicitly instructed at the end
that length of sentence in this country should be based on the stated rationale for imprison-
ment (see Table 1 for the vignettes). All participants in the experimental conditions then
received an attention check on the information they had just received about the rationale for
imprisonment in a given country (e.g., “the length of sentence should be based on the time
needed to hold people accountable and punish them for their past crimes” vs. “the length of
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Descriptions of imprisonment rationales

Retribution Public safety Rehabilitation Control
condition condition condition condition

l |

Criminal case vignette

Sentencing scale (pretest)

Neuroscientific testimony

Sentencing scale (post-test)

Demographic questions and questions
related to participants’ experiences with the
criminal legal system

Fig 1. Study procedures.
https://doi.org/10.1371/journal.pone.0276237.9001

sentence should NOT be based on the time needed to hold people accountable and punish
them for their past crimes”).

Participants in the control condition did not receive any “country” vignette but instead
skipped ahead to an attention check. They were told that some participants had read about a
certain country and they were asked to indicate whether they had also read such information
(see S1 File for attention checks).

In all four conditions, participants who answered any of the attention checks incorrectly
were given the opportunity to retake the questions. If they answered any of the questions
incorrectly on their second attempt, they were excluded from the analyses below (n = 1).
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Table 1. Rationales for imprisonment in three hypothetical countries.

Retribution condition: In this country, the standard rationale for imprisonment is to hold prisoners accountable
and punish them for their past crimes. Imprisonment is based on a belief that some kind of moral balance will be
achieved by inflicting a sufficient level of misery onto the prisoner, in proportion to the perceived seriousness of the
crime they are responsible for. As a punishment, prisoners spend most of the day isolated in their cells; meals are
eaten in the cell and access to reading materials or TV is severely limited. Prisoners complete 8 hours of manual
labor a day, as a way of "paying back" for the wrongs they have committed. Length of sentence in this country should
reflect how severely you believe the person deserves to be punished.

Public safety condition: In this country, the standard rationale for incarceration is to keep the law-abiding public
safe from people who have committed violent crimes. Incarceration is based on a belief that dangerous people must
be kept away from society, because this is the most definite way of preventing these dangerous people from
committing acts of violence against citizens in the community. Individuals in custody are under strict surveillance at
all times, to ensure that they do not escape from the facility, and their level of risk for violence and escape are
evaluated every 3 months. Their behaviors within the prison are carefully monitored, and if they are aggressive
within the prison, this behavior is recorded. Length of sentence in this country should reflect how long you think the
person would continue to pose a risk to society.

Rehabilitation condition: In this country, the standard rationale for confinement is to rehabilitate people in a way

that will make them productive and law-abiding members of society. Confinement is based on a belief that criminals
should undergo a rehabilitation process to change their current problematic behavior and improve their future
behavior through treatment. Confinement consists of placing criminals in secured, inpatient hospitals, where they
must engage in many hours of individual and group therapy. Through these therapies, these individuals can learn
how to control their anger and how to manage and express their thoughts and feelings in a non-violent way. Length
of sentence in this country should reflect how long you believe it takes for the person to be rehabilitated in an

inpatient hospital.

Note: Participants in the control condition did not read any passage at this point.

https://doi.org/10.1371/journal.pone.0276237.t001

Next, all participants read a vignette, adapted with minor changes from Aspinwall et al.
[22], which described a criminal case where a man was found guilty of a violent assault. The
following shows an excerpt from the passage (See S1 File for the full text):

A man named J.D. (age 24 at the time) entered a restaurant at 10 PM on August 5, 2018,
holding a loaded, semi-automatic gun. He demanded money from the restaurant manager,
who was standing behind the counter. . .When the manager did not initially respond to the
demand for money, ].D. forced the manager to his knees and then struck him forcefully
and repeatedly in the back of the head with the gun.. . .].D. was eventually arrested and con-
fessed to assaulting the manager at the restaurant.. . .During the trial, ].D. was charged with
assault in the 1st degree (causing serious physical harm to another by using a deadly
weapon) and armed robbery (illegal taking of property in the presence of a person by vio-
lence or intimidation). In September 2019, a jury found J.D. guilty beyond a reasonable
doubt of assault in the 1st degree, but he was acquitted of armed robbery as the evidence
pointed to his leaving the restaurant without any money.

After reading this passage, participants again received a brief attention check, which asked
them to determine whether two facts about the case were true or false (e.g., According to the
passage, J.D. was found guilty of assault in the 1st degree-True or False). As with all other
attention checks, participants were permitted to answer these questions a second time, if they
did not answer them correctly on their first attempt. No participant failed to provide the cor-
rect answers to these questions on their second attempt.

Then, we presented participants with the baseline or pretest measure of their sentencing
judgements. Specifically, participants were told that,

In the place where this crime occurred, assault in the 1st degree is characterized by causing
serious physical harm to another person by using a deadly weapon. According to the law,
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those who commit this crime may serve a minimum sentence of 5 years and a maximum
sentence of 20 years. The average sentence length for assault in the 1st degree is 8 years.. . .
Given his assault conviction, how many years should ].D. serve?

Participants assigned to one of the experimental conditions were also instructed to consider
the information they read about how their assigned country conceptualizes imprisonment. All
participants then provided their pretest sentencing recommendation using a slider scale from
5 to 20 years, with one-year increments. The minimum (5 years) and maximum (20 years) sen-
tences on this scale were based on the minimum and maximum sentences for assault in the
state of Connecticut, where this research took place, see [48]. We also provided participants
with an alleged average sentence length of eight years, as was used in previous studies, see [18].

Following this, all participants received a passage attributing the defendant’s violent behav-
ior to neurobiological factors. This vignette also was adapted from Aspinwall and colleagues
[22] and was described as the testimony from an independent expert. The testimony included
evidence that the defendant had both genetic and neuroanatomical risk factors for violent,
antisocial behavior. The original vignette from Aspinwall and colleagues [22] described how
the defendant had “psychopathy”. Given the potential for lay participants to hold preconceived
notions about the dangerousness and immutability of psychopathy, this was changed to “anti-
social behavior” in the version below. Several lines that described the neurobiology of psychop-
athy also were removed. Additionally, any proper names in the passage were changed to
initials, to prevent participants from making assumptions about where the crime and trial took
place. Specifically, participants read the following:

The defense called Dr. R.H. to testify. Dr. H., a neurobiologist and renowned expert on the
causes of antisocial behavior, testified that antisocial behavior results from genetic factors
and from structural abnormalities in specific brain regions involved in emotion processing.
At the genetic level, Dr. H. testified that several peer-reviewed publications reported that a
polymorphism in the monoamine oxidase A (MAOA) gene, or the “warrior gene”, predicts
the tendency towards antisocial behavior, particularly aggressive behavior. Dr. H. contin-
ued by saying that at the request of the defense, he genetically tested J.D. and that this test
showed the MAOA polymorphism. This was evidence of ].D.’s increased risk of engaging
in aggressive behavior. As further evidence, Dr. H. reported on the research that indicates
this MAOA polymorphism is linked to structural abnormalities in the amygdala—a brain
region involved in emotional processing and learning. Research has shown that antisocial
individuals display reduced amygdala volume compared with healthy individuals. Dr. H.
pointed to an MRI of ].D.’s brain, which revealed reduced amygdala volume. Dr. H. con-
cluded that the combination of genetic and neurobiological factors ultimately interact and
can lead to chronic antisocial behavior. Dr. H. noted that J.D. had been involved in the
criminal justice system since he was a teenager, suggesting that the neurobiological factors
described above were also detrimental throughout J.D.’s development.

After reading this testimony, all participants responded to four True/False attention check
questions (e.g., An MRI of ].D.’s brain did NOT reveal reduced amygdala volume-True/False).
Following the same procedure described above, participants who answered any of the ques-
tions incorrectly were permitted to retake the questions. We subsequently excluded from our
analyses any participant who still answered a question incorrectly on their second attempt
(n=9).

Then, all participants provided their posttest sentencing recommendation for the defen-
dant. Participants were asked, “Given [the stated goals of the criminal justice system in the
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country where the crime and trial took place (to punish wrongdoers; to keep the public safe; to
rehabilitate criminals) and] the expert testimony about J.D.’s genetic risk for antisocial behav-
ior and his brain’s reduced amygdala volume, what length of [sentence] would you recom-
mend for ].D.?” Participants were also reminded of their pretest sentencing recommendations
and participants assigned to the experimental conditions were reminded of the stated rationale
for criminal justice that they had read about earlier, as indicated by the phrases in brackets.
After reading these instructions, participants provided their final sentencing recommenda-
tions, using the same 5-20-year scale.

Following the experimental manipulation, we asked all participants to rate the extent to
which they believed that their final sentencing decisions were impacted by the neuroscientific
testimony. In addition, we asked all participants to rate the extent to which they agreed with
each of the three rationales for incarceration described in the study. Lastly, participants com-
pleted several individual difference measures. These included questions from the aggression
and drug use subscales of the Risky, impulsive, and self-destructive behavior questionnaire
(RISQ) [49] a self-report measure of risky behavior across multiple domains. Engagement in
risky behaviors could have led participants to be justice-involved or could have influenced
how participants judged the behaviors described in the vignette, which in turn could impact
their responses to the study’s primary outcome measures. Participants also responded to sev-
eral demographic questions and questions about their experiences with the criminal legal sys-
tem (e.g., whether the participant or a family member had ever been the victim of a crime, or
convicted of a crime). The data from these measures were used in our exploratory analyses to
examine the effect of any individual difference variables and the robustness of our effects.

Results
Sample characteristics

Ten participants were excluded for failing to correctly answer an attention check on their sec-
ond attempt. An additional eight participants were excluded for failing to meet the minimum
education requirement. The final sample included 784 participants (51.4% female, 47.6% male,
0.3% non-binary, 0.8% unreported, ranging in age from 18 to 83; M = 44.29, SD = 14.05). Of
these participants, 27.6% were politically conservative or leaned conservative, 21.2% were
moderate and 51.2% were liberal or leaned liberal. Participants did not differ on key demo-
graphics (gender, age, education level, political orientation) across the four conditions, as
detailed in the S1 File.

Effects of condition

Data are deposited at https://osf.io/c5vr4/. IBM SPSS Statistics Version 28 was used for statisti-
cal analyses. We examined whether participants’ sentencing estimates differed across the four
conditions. A 2x4 mixed ANOVA with one within-subjects factor (timepoint: pretest vs. post-
test) and one between-subjects factor (conditions) revealed no significant main effect of time-
point, F(1, 774) = .20, p = .653, but a significant main effect of condition, F(3, 774) = 3.89, p =
.009, n2P =.02. This main effect was qualified by a significant interaction effect F(3, 774) =
19.64, p < .001,m°, = .07. Given this interaction effect, we subsequently examined sentencing
estimates among participants in each condition separately (see Fig 2).

Retribution condition. Sentencing estimates among participants (n = 198) in the retribu-
tion condition decreased significantly from pretest (M = 13.07, SD = 4.39) to post-test
(M =12.53,8D =4.59), t(197) = 3.95, p < .001, d = .27. These findings support our hypothesis
that participants would suggest shorter sentences after they read the neuroscience testimony
and after they were primed to consider retribution as the rationale for incarceration.
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Fig 2. Mean sentencing estimates, broken down by condition.

https://doi.org/10.1371/journal.pone.0276237.9002

Public safety condition. Sentencing estimates among participants (n = 197) in the condi-
tion focused on protecting the public from dangerousness increased significantly from pretest
(M =13.15, SD = 4.52) to post-test (M = 13.98, SD = 4.80), #(196) = -4.09, p < .001, d = .30.
These results support our hypothesis that participants primed to consider the importance of
public safety would issue longer sentences after learning about the neurobiological underpin-
nings of a defendant’s violent behavior.

Rehabilitation condition. Sentencing estimates among participants (n = 198) in the reha-
bilitation condition increased significantly from pretest (M = 12.15, SD = 4.26) to post-test
(M =12.77,8D = 4.72), 1(197) = -3.19, p = .002, d = .23. These results support our hypothesis
that participants would lengthen their sentencing recommendations after reading the neuro-
science testimony, when primed to consider prison to be a way of rehabilitating those con-
victed of crimes.

Control condition. Sentencing judgements among participants (# = 185) in the control
condition decreased significantly from pretest (M = 14.16, SD = 4.54) to post-test, after they
received the neuroscience testimony about the criminal J.D. (M = 13.41, SD = 4.88), t(184) =
4.20,p <.001,d = .31.
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Robustness analyses

For the three experimental conditions, we examined the effect of participants’ level of agree-
ment with the stated imprisonment rationale in the condition to which they were assigned.
We included this rating as a covariate in our omnibus model with one within-subjects factor
(timepoint) and one between-subjects factor (conditions). The interaction effect remained sig-
nificant, F(2, 588) = 15.00, p < .001, n°, = .049. Additional exploratory analyses are presented
in the S1 File.

Discussion
Summary of results

We suggest that asking whether neuroscientific explanations for criminal behavior increases
or decreases the duration of sentencing is not the right question. Instead, the question should
be; under what conditions do neuroscientific explanations increase or decrease the duration of
sentencing? The present study found one such moderating factor: the effect of neuroscientific
explanations depends on the proposed purpose of the criminal legal system. Thus, it makes
sense that previous studies which did not consider this factor have found inconsistent effects
regarding the impact of neuroscientific evidence on mock sentencing decisions. While some
studies reported null effects of neuroscientific evidence, others found a mitigating effect, and
some documented aggravating effects of such evidence. We propose that these mixed results
occur because there are different effects of neuroscience explanations operating depending on
the given purpose of incarceration.

In the present study, when participants imagined that the primary aim of incarceration was
retribution, neuroscientific testimony about a defendant decreased sentences. This decrease
likely reflected participants’ beliefs that a person with biological risk factors for antisocial
behavior would be less in control of their behavior [35-37] and therefore less responsible for
their actions and deserving of retribution. By contrast, when participants imagined that the
primary aim of imprisonment was public safety, the neuroscientific testimony increased sen-
tence durations, likely because biological characteristics are perceived as relatively immutable
[35, 45]. That is, the defendant could be expected to continue posing a danger to society, with
little likelihood of change. Similarly, when participants imagined that rehabilitation was the
guiding sentencing rationale, their recommended sentences significantly increased, also
reflecting participants’ beliefs that biological factors for antisocial behaviors are less mutable
[35, 45].

The present study also found that participants assigned to the control condition provided
significantly shorter sentences after the neuroscientific testimony than at baseline. In the
absence of any specific imprisonment rationale, participants may have automatically assumed
that imprisonment was a form of punishment. This would reflect the historically prevailing
view of imprisonment as retributive in the United States [31]. So, when participants then
received the neurobiological testimony about the defendant, they may have behaved much like
participants in the retribution condition and decreased their sentence recommendations from
pretest to posttest. This is a speculative interpretation however and future studies should exam-
ine how differences in one’s existing beliefs about what the current criminal legal system is can
lead to differential effects of neuroscientific evidence.

Related findings

Consistent with our proposal that neuroscience evidence effects are not monolithic, Allen and
colleagues [40] also showed that the same neuroscience evidence could simultaneously
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lengthen and shorten sentences in a hypothetical case where a defendant was found guilty of a
sexual assault. Though, they demonstrated these effects by using two different dependent mea-
sures (i.e., a measure of recommended prison sentence and a measure of recommended time
spent in an inpatient hospital following the prison term), rather than using the same depen-
dent measure (i.e, the sentencing scale) and experimentally manipulating the hypothesized
determinant of incarceration duration as in the current study. Specifically, Allen and col-
leagues found that neurobiological evidence shortened the duration of prison sentencing,
while it lengthened the recommended duration of involuntary hospitalization, compared to
psychological evidence about the defendant’s impulse control disorder that did not mention
any neurobiological causes (see [50] for similar effects). Participants who received neurosci-
ence evidence also rated the defendant as significantly less blameworthy, deserving of punish-
ment, acting with free will and able to stop himself, compared to participants who did not
receive neuroscience evidence. These ratings help to elucidate the participants’ shorter sen-
tence recommendations. However, to understand why Allen et al. found these effects, the
researchers had to rely on correlational analyses. They did not directly manipulate the ratio-
nale used to justify the sentencing recommendations. The present study addressed the limita-
tion of the Allen et al. study by explicitly manipulating the rationale for imprisonment.
Additionally, it is not clear from the Allen et al. study whether the longer involuntary hospi-
talization recommendation was obtained because neuroscience evidence caused the defendant
to appear more dangerous, less treatable, or both. In fact, Allen et al. found that compared to
psychological evidence, neurobiological evidence was related to rating the defendant as less dan-
gerous. These results are puzzling as previous studies (e.g., [51]; see [52] for a review) have not
found such effects. It could be that it is not that neurobiological evidence caused the defendant
to appear less dangerous, but rather that psychological evidence (i.e., having an impulse control
disorder) caused the defendant to appear more dangerous. Ultimately, the authors noted that
“these effects [i.e., lengthened involuntary hospitalization] were not well explained by motiva-
tions. . .to protect society from dangerous persons.” The present study addressed this question,
by separating the effect of concerns about dangerousness (i.e., the public safety condition) from
concerns about the need for rehabilitation (i.e., the rehabilitation condition). Concerns about
public safety and about rehabilitation both led participants to recommend longer sentences.

Implications

The present findings have important implications for our society where science and legal phi-
losophy continuously shift. For instance, the rehabilitation model of imprisonment has been
heralded as a more humane approach within the criminal legal system [53]. Yet if more people
subscribe to this approach, this might in fact lead to longer sentences for defendants who pres-
ent neuroscientific evidence, as people appear to assume that defendants with biologically
based problems are less able to change their behaviors. Such an increase in sentencing would
be cause for concern, especially since despite public perceptions there is little scientific evi-
dence that biologically based problems are more immutable.

Our findings also suggest that progress in neuroscience could entail an overall reduction in
the duration of imprisonment under the retribution model. One possibility is that because
antisocial behaviors could increasingly be explained in terms of biological mechanisms, defen-
dants would be perceived as less accountable for their behaviors. Of course, in reality there is a
larger issue that not all defendants have equal access to resources that would allow for neuro-
scientific evidence to be presented. Purely from a cognitive and philosophical perspective,
though, the use of neuroscientific evidence could be one strategy for a slightly more humane
sentencing approach under a retribution model.
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To further determine what needs to be done in response to the potential consequences of
neuroscience evidence presented in court, it is important to consider whether the judgments
revealed in the current study are valid. In some sense, any changes in sentence duration rec-
ommendations upon encountering neuroscientific evidence are flawed, because all behaviors
are ultimately based in neurobiology. So the time it takes to rehabilitate someone, for instance,
should not necessarily depend on whether we happen to have neuroscientific evidence. That
is, if one endorses that all activities of the mind are determined by the brain, then there should
not be any increase or decrease in sentence duration, regardless of whether the behaviors are
biologically construed.

We speculate that the reason why neuroscience evidence has any impact on sentencing, as
shown in the current study, is because people implicitly or explicitly endorse mind-brain dual-
ism, namely, believing that the mind and the brain operate somewhat independently [54].
Mind-brain dualism is entrenched in our culture, emerging early in development [55, 56] and
occurring across many cultures [57, 58] and throughout history [54]. Because of this dualism,
people often forget or do not realize that neurobiology (the brain) underlies all mental or phys-
ical actions (presumed to occur in “the mind”). Consequently, upon being reminded of or
learning about the role of neurobiology, their assessment of others’ behaviors changes. There-
fore, perhaps what is invalid are the sentencing judgments made without neuroscience evi-
dence, as they are made based on the flawed notion of mind-brain dualism. The debate in the
field has been framed in terms of how neuroscience evidence influences legal decisions, with
the implicit assumption that these decisions should not be misguided by neuroscience evi-
dence. Yet, another way of framing the problem is whether people’s judgments without neuro-
science evidence might have been misled by the dualism. From this perspective, one way to
counteract this problem is to remind people that all actions and behaviors have neurobiologi-
cal bases whether we know what they are.

Limitations

There are several limitations to this study. As noted above, the present study used lay partici-
pants, although judges are typically responsible for sentencing. However, the use of lay samples
can provide important insight on public opinion about the legal system, which in turn can
affect legal policy [40]. Future work should examine judges or other members of the criminal
legal system (e.g., prosecutors), as there may be reasons that judges would show the same or a
different pattern of effects as was found in the present study.

On the one hand, judges may respond similarly to lay people, when presented with specific
imprisonment rationales and neuroscientific evidence about a defendant because previous
studies examining the effect of neuroscientific evidence on judges’ sentencing also showed
mixed results. While a study testing U.S. judges [22] showed a decrease in judges’ sentencing
recommendations as a result of neuroscience evidence, in a study of German judges [50], neu-
roscience evidence about a defendant did not decrease the average sentence length given to the
defendant. Furthermore, there was an increase in the number of judges ordering involuntary
hospitalization for the defendant [50], a commitment term which the authors note, can be
much longer than a prison sentence in Germany. The latter finding suggests that judges would
respond in a pattern similar to that observed in the present study if they were to adopt a reha-
bilitation rationale for imprisonment.

On the other hand, judges may respond differently to our materials for several reasons.
Judges may hold a more homogenous view of the aims of the criminal legal system than do lay
people [e.g., 59, although see also 60] which likely stems from years of training and experiences.
Given this, it may be more challenging for judges to flexibly adopt a different view. Additionally,

PLOS ONE | https://doi.org/10.1371/journal.pone.0276237 November 2, 2022 12/17


https://doi.org/10.1371/journal.pone.0276237

PLOS ONE The effect of neuroscientific evidence on sentencing depends on how one conceives of reasons for incarceration

judges are held to case law precedents, statutes and other rules, and are influenced by sentencing
guidelines and extra-legal forces that lay juries are not [again 60-62]. Thus, it is not clear how
these factors may interact with the way neuroscience evidence influences sentencing.

Another limitation is that the findings of this study might not generalize to defendants who
present with different kinds of psychological disorders. For example, people hold a strong prej-
udice against individuals with psychopathy and may believe they are not treatable [63]. Thus
neuroscience evidence may not further lengthen sentencing even under the rehabilitation or
public safety models, as the sentencing judgments made without neuroscience evidence have
already reached the maximum level. Alternatively, there may be cases where the observed
effects could be more robust. For instance, a heinous crime, when biologically explained,
might aggravate sentences to an even greater extent, when the given rationale is public safety.

The present study is also limited in that the version of the retribution principle used in the
study materials does not necessarily reflect the retribution principle held by all legal scholars.
Some [see 64 for a discussion] have argued that the retribution principle should be applied
regardless of the defendant’s rationality (e.g., capacity to tell right from wrong, neurological
abnormalities) and even the prior criminal history. Instead, they argue that retribution should
be based only on the harm caused by the crime. The retribution principle used in our materials
did not necessarily reflect this version of the retribution principle; that is, we did not explicitly
state that the sentencing duration should be based only on the harm and not based on the
defendant’s mental and neurobiological capacities. It is an open question whether laypeople
would concur with the principle of punishing wrongdoers, regardless of their rationality, when
explicitly presented with it as a criterion and not reduce sentencing even after the neuroscience
evidence is presented. Furthermore, it is also unclear whether the reduced sentencing in the
retribution condition is because the participants considered the defendant’s rationality, follow-
ing the provision of the neuroscience testimony, or some other factors.

Lastly, in addition to the three rationales for imprisonment (i.e., retribution, public safety,
and rehabilitation) examined in the current study, there are other penal philosophies that we
did not test. For instance, we did not consider the full range of philosophies regarding deter-
rence. That is, deterrence may be specific, to prevent recidivism, or it may serve a general pur-
pose as a message to other would-be offenders not to behave as the offender did [65]. In this
study, all three experimental conditions involved specific deterrence, but it is yet unknown
how a principle of general deterrence would interact with neuroscience evidence. This is an
important principle for future research to examine.

Conclusion

Given that neuroscience appears to be increasingly utilized in criminal legal proceedings, it is
important to understand how beliefs about imprisonment affect reasoning about neuroscien-
tific evidence and sentencing. The current study found that neuroscientific evidence does not
by itself necessarily lead to mitigated or aggravated sentences, but rather that it interacts with
society’s reasons for incarceration.

Supporting information

S1 File.
(DOCX)

Author Contributions

Conceptualization: Arielle Baskin-Sommers, Woo-kyoung Ahn.

PLOS ONE | https://doi.org/10.1371/journal.pone.0276237 November 2, 2022 13/17


http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0276237.s001
https://doi.org/10.1371/journal.pone.0276237

PLOS ONE The effect of neuroscientific evidence on sentencing depends on how one conceives of reasons for incarceration

Data curation: Annalise Perricone, Arielle Baskin-Sommers, Woo-kyoung Ahn.
Formal analysis: Annalise Perricone, Woo-kyoung Ahn.

Investigation: Annalise Perricone, Arielle Baskin-Sommers, Woo-kyoung Ahn.
Methodology: Annalise Perricone, Arielle Baskin-Sommers, Woo-kyoung Ahn.
Project administration: Annalise Perricone, Woo-kyoung Ahn.

Resources: Woo-kyoung Ahn.

Supervision: Arielle Baskin-Sommers, Woo-kyoung Ahn.

Validation: Annalise Perricone, Arielle Baskin-Sommers, Woo-kyoung Ahn.
Visualization: Annalise Perricone, Woo-kyoung Ahn.

Writing - original draft: Annalise Perricone, Woo-kyoung Ahn.

Writing - review & editing: Annalise Perricone, Arielle Baskin-Sommers, Woo-kyoung Ahn.

References

1. Farahany NA. Neuroscience and behavioral genetics in US criminal law: an empirical analysis. Journal
of Law and the Biosciences. 2016; 2(3):485-509. https://doi.org/10.1093/jIb/Isv059 PMID: 27774210

2. Appelbaum PS. Law & psychiatry: the new lie detectors: neuroscience, deception, and the courts. Psy-
chiatric Services. 2007; 58(4):460-2.

3. Baskin-Sommers AR, Fonteneau K. Correctional change through neuroscience. Fordham Law. Rev.
2016; 85:423-436.

4. Denno DW. Foreword: Criminal Behavior and the Brain: When Law and Neuroscience Collide. Fordham
Law Review. 2016; 85:399-422.

5. Greely HT, Farahany NA. Neuroscience and the criminal justice system. Annual Review of Criminology.
2019; 2:451-471.

6. Rosen J. The brain on the stand. The New York Times. 2007 March 11 [Cited 2021 Dec 17]. Available
from: https://www.nytimes.com/2007/03/11/magazine/11Neurolaw.t.html.

7. Sabatello M, Appelbaum PS. Behavioral genetics in criminal and civil courts. Harvard review of psychia-
try. 2017; 25(6):289-301. https://doi.org/10.1097/HRP.0000000000000141 PMID: 29117024

8. Jones OD, Wagner AD, Faigman DL, Raichle ME. Neuroscientists in court. Nature Reviews Neurosci-
ence. 2013; 14(10):730-6. https://doi.org/10.1038/nr3585 PMID: 24026114

9. Morse SJ. Brain overclaim syndrome and criminal responsibility: A diagnostic note. Ohio St. J. Crim.
Law. 2005; 3:397—412.

10. Morse SJ. Moral and legal responsibility and the new neuroscience. Neuroethics: Defining the issues in
theory, practice, and policy. 2006:33-50.

11.  Weisberg DS, Keil FC, Goodstein J, Rawson E, Gray JR. The seductive allure of neuroscience explana-
tions. Journal of cognitive neuroscience. 2008; 20(3):470-7. https://doi.org/10.1162/jocn.2008.20040
PMID: 18004955

12. AonoD, Yaffe G, Kober H. Neuroscientific evidence in the courtroom: a review. Cognitive research:
principles and implications. 2019; 4(1):1-20. https://doi.org/10.1186/s41235-019-0179-y PMID:
31641963

13. Scurich N, Appelbaum PS. Behavioural genetics in criminal court. Nature human behaviour. 2017; 1
(11):772-4.

14. Blakey R, Kremsmayer TP. Unable or unwilling to exercise self-control? The impact of neuroscience on
perceptions of impulsive offenders. Frontiers in psychology. 2018;8: https://doi.org/10.3389/fpsyg.
2017.02189 PMID: 29354076

15. LaDuke C, Locklair B, Heilbrun K. Neuroscientific, neuropsychological, and psychological evidence
comparably impact legal decision making: Implications for experts and legal practitioners. Journal of
Forensic Psychology Research and Practice. 2018; 18(2):114—42.

16. Marshall J, Lilienfeld SO, Mayberg H, Clark SE. The role of neurological and psychological explanations
in legal judgments of psychopathic wrongdoers. The Journal of Forensic Psychiatry & Psychology.
2017; 28(3):412-36.

PLOS ONE | https://doi.org/10.1371/journal.pone.0276237 November 2, 2022 14/17


https://doi.org/10.1093/jlb/lsv059
http://www.ncbi.nlm.nih.gov/pubmed/27774210
https://www.nytimes.com/2007/03/11/magazine/11Neurolaw.t.html
https://doi.org/10.1097/HRP.0000000000000141
http://www.ncbi.nlm.nih.gov/pubmed/29117024
https://doi.org/10.1038/nrn3585
http://www.ncbi.nlm.nih.gov/pubmed/24026114
https://doi.org/10.1162/jocn.2008.20040
http://www.ncbi.nlm.nih.gov/pubmed/18004955
https://doi.org/10.1186/s41235-019-0179-y
http://www.ncbi.nlm.nih.gov/pubmed/31641963
https://doi.org/10.3389/fpsyg.2017.02189
https://doi.org/10.3389/fpsyg.2017.02189
http://www.ncbi.nlm.nih.gov/pubmed/29354076
https://doi.org/10.1371/journal.pone.0276237

PLOS ONE The effect of neuroscientific evidence on sentencing depends on how one conceives of reasons for incarceration

17.

18.

19.

20.

21.

22,

23.

24,

25.

26.

27.

28.

29.

30.

31.
32.

33.

34.

35.

36.

37.

38.

39.

40.

Mowle EN, Edens JF, Clark JW, S6rman K. Effects of mental health and neuroscience evidence on
juror perceptions of a criminal defendant: The moderating role of political orientation. Behavioral Sci-
ences & the Law. 2016; 34(6):726—41. https://doi.org/10.1002/bsl|.2251 PMID: 27620269

Remmel RJ, Glenn AL, Cox J. Biological evidence regarding psychopathy does not affect mock jury
sentencing. Journal of Personality Disorders. 2019; 33(2):164—84. https://doi.org/10.1521/pedi_2018_
32_337 PMID: 29469661

Schweitzer NJ, Saks MJ, Murphy ER, Roskies AL, Sinnott-Armstrong W, Gaudet LM. Neuroimages as
evidence in a mens rea defense: No impact. Psychology, Public Policy, and Law. 2011; 17(3):357-393.

Scurich N, Appelbaum P. The blunt-edged sword: genetic explanations of misbehavior neither mitigate
nor aggravate punishment. Journal of Law and the Biosciences. 2016; 3(1):140-57. https://doi.org/10.
1093/jlb/Isv053 PMID: 27239327

Appelbaum PS, Scurich N, Raad R. Effects of behavioral genetic evidence on perceptions of criminal
responsibility and appropriate punishment. Psychology, Public Policy, and Law. 2015; 21(2):134—144.
https://doi.org/10.1037/law0000039 PMID: 26240516

Aspinwall LG, Brown TR, Tabery J. The double-edged sword: Does biomechanism increase or
decrease judges’ sentencing of psychopaths?. Science. 2012; 337(6096):846-9. https://doi.org/10.
1126/science.1219569 PMID: 22904010

Denno DW. The myth of the double-edged sword: An empirical study of neuroscience evidence in crimi-
nal cases. BCL Rev. 2015; 56:493-551.

Greene E, Cahill BS. Effects of neuroimaging evidence on mock juror decision making. Behavioral sci-
ences & the law. 2012; 30(3):280-96. https://doi.org/10.1002/bsl. 1993 PMID: 22213023

Saks MJ, Schweitzer NJ, Aharoni E, Kiehl KA. The impact of neuroimages in the sentencing phase of
capital trials. Journal of Empirical Legal Studies. 2014; 11(1):105-31.

Shariff AF, Greene JD, Karremans JC, Luguri JB, Clark CJ, Schooler JW, et al. Free will and punish-
ment: A mechanistic view of human nature reduces retribution. Psychological science. 2014; 25
(8):1563-70. https://doi.org/10.1177/0956797614534693 PMID: 24916083

Appelbaum PS, Scurich N. Impact of behavioral genetic evidence on the adjudication of criminal behav-
ior. The journal of the American Academy of Psychiatry and the Law. 2014; 42(1):91-100. PMID:
24618524

McCabe DP, Castel AD, Rhodes MG. The influence of fMRI lie detection evidence on juror decision-
making. Behavioral Sciences & the Law. 2011; 29(4):566—77. https://doi.org/10.1002/bsl.993 PMID:
21751243

Jacobson J, Hough M. Unjust Deserts: imprisonment for public protection. The Nuffield Foundation
Prison Reform Trust. Available from: http://www.prisonreformtrust.org.uk/uploads/documents/
unjustdesertsfinal.pdf. 2010.

Palermo GB. The Evolution of Punishment and Incarceration. In Ethical Issues in Prison Psychiatry.
Springer, Dordrecht; 2013;77—-101.

Pollock JM. Prisons: Today and tomorrow. Jones & Bartlett Learning; 1997.

Haney C, Zimbardo P. The past and future of US prison policy: Twenty-five years after the Stanford
Prison Experiment. American Psychologist. 1998; 53(7):709-727.

Thielo AJ, Cullen FT, Cohen DM, Chouhy C. Rehabilitation in a red state: Public support for correctional
reform in Texas. Criminology & Public Policy. 2016; 15(1):137-70.

Pratt J. Scandinavian exceptionalism in an era of penal excess Part |: The nature and roots of Scandina-
vian exceptionalism. The British journal of criminology. 2008; 48(2):119-37.

Dar-Nimrod |, Heine SJ. Genetic essentialism: on the deceptive determinism of DNA. Psychological bul-
letin. 2011; 137(5):800-818. https://doi.org/10.1037/a0021860 PMID: 21142350

Haslam N. Genetic essentialism, neuroessentialism, and stigma: commentary on Dar-Nimrod and
Heine. Psychological Bulletin. 2011; 127(5):819-824.

Gould WA, Heine SJ. Implicit essentialism: Genetic concepts are implicitly associated with fate con-
cepts. PLoS ONE. 2012; 7(6):e38176; https://doi.org/10.1371/journal.pone.0038176

Appelbaum PS. Law & psychiatry: Behavioral genetics and the punishment of crime. Psychiatric Ser-
vices. 2005; 56(1):25—7.

Haslam N, Kvaale EP. Biogenetic explanations of mental disorder: The mixed-blessings model. Current
Directions in Psychological Science. 2015; 24(5):399—404.

Allen CH, Vold K, Felsen G, Blumenthal-Barby JS, Aharoni E. Reconciling the opposing effects of
neurobiological evidence on criminal sentencing judgments. PLoS One. 2019;18; 14(1):e0210584;
https://doi.org/10.1371/journal.pone.0210584 PMID: 30657761

PLOS ONE | https://doi.org/10.1371/journal.pone.0276237 November 2, 2022 15/17


https://doi.org/10.1002/bsl.2251
http://www.ncbi.nlm.nih.gov/pubmed/27620269
https://doi.org/10.1521/pedi%5F2018%5F32%5F337
https://doi.org/10.1521/pedi%5F2018%5F32%5F337
http://www.ncbi.nlm.nih.gov/pubmed/29469661
https://doi.org/10.1093/jlb/lsv053
https://doi.org/10.1093/jlb/lsv053
http://www.ncbi.nlm.nih.gov/pubmed/27239327
https://doi.org/10.1037/law0000039
http://www.ncbi.nlm.nih.gov/pubmed/26240516
https://doi.org/10.1126/science.1219569
https://doi.org/10.1126/science.1219569
http://www.ncbi.nlm.nih.gov/pubmed/22904010
https://doi.org/10.1002/bsl.1993
http://www.ncbi.nlm.nih.gov/pubmed/22213023
https://doi.org/10.1177/0956797614534693
http://www.ncbi.nlm.nih.gov/pubmed/24916083
http://www.ncbi.nlm.nih.gov/pubmed/24618524
https://doi.org/10.1002/bsl.993
http://www.ncbi.nlm.nih.gov/pubmed/21751243
http://www.prisonreformtrust.org.uk/uploads/documents/unjustdesertsfinal.pdf
http://www.prisonreformtrust.org.uk/uploads/documents/unjustdesertsfinal.pdf
https://doi.org/10.1037/a0021860
http://www.ncbi.nlm.nih.gov/pubmed/21142350
https://doi.org/10.1371/journal.pone.0038176
https://doi.org/10.1371/journal.pone.0210584
http://www.ncbi.nlm.nih.gov/pubmed/30657761
https://doi.org/10.1371/journal.pone.0276237

PLOS ONE The effect of neuroscientific evidence on sentencing depends on how one conceives of reasons for incarceration

41.

42,

43.

44,

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.
61.

62.

Berryessa CM. Jury-eligible public attitudes toward biological risk factors for the development of criminal
behavior and implications for capital sentencing. Criminal justice and behavior. 2017; 44(8):1073-100.

Tabb K, Lebowitz MS, Appelbaum PS. Behavioral genetics and attributions of moral responsibility.
Behavior genetics. 2019; 49(2):128-35. https://doi.org/10.1007/s10519-018-9916-0 PMID: 30094665

Gelman SA. The essential child: Origins of essentialism in everyday thought. Oxford University Press,
USA; 2003.

Gershkovich M, Deacon BJ, Wheaton MG. Biomedical causal attributions for obsessive-compulsive dis-
order: Associations with patient perceptions of prognosis and treatment expectancy. Journal of Obses-
sive-Compulsive and Related Disorders. 2018; 18:81-5.

Kvaale EP, Haslam N, Gottdiener WH. The ‘side effects’ of medicalization: A meta-analytic review of
how biogenetic explanations affect stigma. Clinical psychology review. 2013; 33(6):782-94. hitps://doi.
org/10.1016/j.cpr.2013.06.002 PMID: 23831861

Lebowitz MS, Ahn WK, Nolen-Hoeksema S. Fixable or fate? Perceptions of the biology of depression.
Journal of consulting and clinical psychology. 2013; 81(3):518-527. https://doi.org/10.1037/a0031730
PMID: 23379262

Lebowitz MS, Pyun JJ, Ahn WK. Biological explanations of generalized anxiety disorder: Effects on
beliefs about prognosis and responsibility. Psychiatric Services. 2014; 65(4):498-503. https://doi.org/
10.1176/appi.ps.201300011 PMID: 24337358

Orlando J. Crimes with Mandatory Minimum Prison Sentences—Updated and Revised. Office of Legis-
lative Research. 2017.

Sadeh N, Baskin-Sommers A. Risky, impulsive, and self-destructive behavior questionnaire (RISQ): A
validation study. Assessment. 2017; 24(8):1080—94. https://doi.org/10.1177/1073191116640356
PMID: 27002123

Fuss J, Dressing H, Briken P. Neurogenetic evidence in the courtroom: a randomised controlled trial
with German judges. Journal of Medical Genetics. 2015; 52(11):730-7. https://doi.org/10.1136/
jmedgenet-2015-103284 PMID: 26307568

Schomerus G, Matschinger H, Angermeyer MC. Causal beliefs of the public and social acceptance of
persons with mental illness: a comparative analysis of schizophrenia, depression and alcohol depen-
dence. Psychological medicine. 2014; 44(2):303—14. https://doi.org/10.1017/S003329171300072X
PMID: 23574735

Kvaale EP, Gottdiener WH, Haslam N. Biogenetic explanations and stigma: A meta-analytic review of
associations among laypeople. Social science & medicine. 2013; 96:95-103. https://doi.org/10.1016/j.
socscimed.2013.07.017 PMID: 24034956

Visher C, Eason J. A better path forward for criminal justice: changing prisons to help people change.
Brookings-AEIl Working Group on Criminal Justice Reform, The Brookings Institution. Rev ed [Internet].
2021. Available from: https://www.brookings.edu/research/a-better-path-forward-for-criminal-justice-
changing-prisons-to-help-people-change/.

Robinson H. Dualism, The Standard Encyclopedia of Philosophy (Fall 2017 Edition), Edward N. Avail-
able from: https://plato.stanford.edu/archives/fall2017/entries/dualism/. 2003.

Bloom P. Descartes’ baby: How the science of child development explains what makes us human. Ran-
dom House; 2005.

Wellman HM, Johnson CN. Developing dualism: From intuitive understanding to transcendental ideas.
Psycho-physical dualism today: An interdisciplinary approach. 2008; 26:3—-6.

Chudek M, McNamara R, Burch S, Bloom P, Henrich J. Developmental and cross-cultural evidence for
intuitive dualism. Psychological Science. 2013; 20. Available from: https://www2.psych.ubc.ca/~
henrich/pdfs/ChudekEtAl_InutiveDualism_WorkingPaper_June2014.pdf.

Cohen E, Burdett E, Knight N, Barrett J. Cross-Cultural similarities and differences in person-body rea-
soning: Experimental evidence from the United Kingdom and Brazilian Amazon. Cognitive science.
2011; 35(7):1282-304. https://doi.org/10.1111/j.1551-6709.2011.01172.x PMID: 21884221

Watamura E, Wakebe T, loku T. A comparison of sentencing decisions and their justification between
professional judges and laypeople in Japan. SN Social Sciences. 2022; 2(5):48.

Mullan M. How Should Mental lliness Be Relevant to Sentencing. Miss. LJ. 2019; 88:255.
Vidmar N. The Psychology of Trial Judging. Current Directions in Psychological Science. 2011; 20
(1):58-62.

Aharoni E, Kleider-Offutt HM, Brosnan SF, Fernandes S. Slippery scales: Cost prompts, but not benefit
prompts, modulate sentencing recommendations in laypeople. PLoS One. 2020; 15(7):e0236764.
https://doi.org/10.1371/journal.pone.0236764 PMID: 32735624

PLOS ONE | https://doi.org/10.1371/journal.pone.0276237 November 2, 2022 16/17


https://doi.org/10.1007/s10519-018-9916-0
http://www.ncbi.nlm.nih.gov/pubmed/30094665
https://doi.org/10.1016/j.cpr.2013.06.002
https://doi.org/10.1016/j.cpr.2013.06.002
http://www.ncbi.nlm.nih.gov/pubmed/23831861
https://doi.org/10.1037/a0031730
http://www.ncbi.nlm.nih.gov/pubmed/23379262
https://doi.org/10.1176/appi.ps.201300011
https://doi.org/10.1176/appi.ps.201300011
http://www.ncbi.nlm.nih.gov/pubmed/24337358
https://doi.org/10.1177/1073191116640356
http://www.ncbi.nlm.nih.gov/pubmed/27002123
https://doi.org/10.1136/jmedgenet-2015-103284
https://doi.org/10.1136/jmedgenet-2015-103284
http://www.ncbi.nlm.nih.gov/pubmed/26307568
https://doi.org/10.1017/S003329171300072X
http://www.ncbi.nlm.nih.gov/pubmed/23574735
https://doi.org/10.1016/j.socscimed.2013.07.017
https://doi.org/10.1016/j.socscimed.2013.07.017
http://www.ncbi.nlm.nih.gov/pubmed/24034956
https://www.brookings.edu/research/a-better-path-forward-for-criminal-justice-changing-prisons-to-help-people-change/
https://www.brookings.edu/research/a-better-path-forward-for-criminal-justice-changing-prisons-to-help-people-change/
https://plato.stanford.edu/archives/fall2017/entries/dualism/
https://www2.psych.ubc.ca/~henrich/pdfs/ChudekEtAl_InutiveDualism_WorkingPaper_June2014.pdf
https://www2.psych.ubc.ca/~henrich/pdfs/ChudekEtAl_InutiveDualism_WorkingPaper_June2014.pdf
https://doi.org/10.1111/j.1551-6709.2011.01172.x
http://www.ncbi.nlm.nih.gov/pubmed/21884221
https://doi.org/10.1371/journal.pone.0236764
http://www.ncbi.nlm.nih.gov/pubmed/32735624
https://doi.org/10.1371/journal.pone.0276237

PLOS ONE The effect of neuroscientific evidence on sentencing depends on how one conceives of reasons for incarceration

63. De Brito SA, Forth AE, Baskin-Sommers AR, Brazil IA, Kimonis ER, Pardini D, et al. Psychopathy.
Nature Reviews Disease Primers. 2021; 7(1):1-21.

64. Vincent NA. On the relevance of neuroscience to criminal responsibility. Criminal Law and Philosophy.
2010; 4(1):77-98.

65. Altman MC. A Theory of Legal Punishment: Deterrence, Retribution, and the Aims of the State. Rout-
ledge; 2021

PLOS ONE | https://doi.org/10.1371/journal.pone.0276237 November 2, 2022 17/17


https://doi.org/10.1371/journal.pone.0276237

