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STATEMENT OF QUESTION ADDRESSED 

ARGUMENT I 

DID ANY LOWER COURTS ERROR IN DENYING DEFENDANT'S REQUEST FOR 
RELIEF, WHERE THE DEFENDANT WAS OLDER THAN 17, WHEN THE CRIME 
WAS COMMITTED. WHERE THE "BRAIN SCIENCE" FINDS NO DIFFERENCE 
BETWEEN SOMEONE 17, AND SOMEONE 21. THE CONSTITUTIONAL. PROTECTION 
OF THE 8TH AMENDMENT MUST APPLY TO THESE DEFENDANTS WHERE THE 
"BRAIN SCIENCE" COVERS EVERYONE IN THE AGE GROUPS, (18-21) A 
DURATION OF 365 DAYS CAN NOT CHANGE WITH A BIRTHDAY, OR A FLIP 
OF A SWITCH. 

THE TRIAL COURT DID NOT ANSWER: 
THE COURT APPEALS DID NOT ANSWER: 
DEFENDANT APPELANT ANSWERS: 
(NLA) AMICUS CURIAE ANSWERS: 

( i ) 

n n 
n n 

"YES" 
"YES" 
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INTRODUCTION AND STATF.MENT OF INTEREST 

Amicus curiae The National Lifers Of America Inc,, Chapter 1016 [hereafter 

referred to as (NLA) J, is a nation-wide organization, that seeks to introduce 

new legislation which will effect it's membership and prison population, which 

is comprised of Lifers, and Nonlifers. This is a major issue for this 

organization where a large percentage NLA, members were between 18 to 21 years 

old at the time of their offense. 

There has been a shift in the treatment of adolescent over the last 15 

years, starting with the United States Supreme Court ruling that Juveniles could 

not be executed. See, Roper v Simmons, 543 US 551, 567; 125 SCt. 1183 (2005). 

Several years later came the current rulings, e.g. Miller v Alabama, 567 

US 467, 132 SCt. 2455 (2012), Montgomery v Louisiana, US _; 136 SCt. 718, 

734 (2016), these cases addressed defendant under 18 years of age. However 

this Amicus curiae, presents the rationale that is supported by the science 

of Dr. Steinberg, where he testified in relevant part: "Adolescence can be 

divided into three phases. 

1). Early adolescents are age 10 through 13; 

2). Middle adolescents are age 14 through 17, and 

3). Late adolescents are 18 through 21. 

Dr. Steinberg, further testified at a juvenile hearing to the following: 
"Generally, adolescents are:" 

*more impulsive than adults, 

*prone to engage in risky and reckless behavior, 

*motivated less by punishment and more by reward, 

*less oriented to the future and more oriented to the present, and 

*susceptible to the influence of others. 

The (NLA), finds that the aforementioned is a great case for this Honorable 

Court to address once and for all that the "Brain Science" supports not throwing 

( 1 ) 
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children away, allowing them to languish in prison under the most harsh sentence 

which can be issued. 

Although eighteen-to-twenty-one year olds are in some ways similar to 

individuals in their midtwenties, in other ways young adults are more like 

adolescents in their behavior, psychological functioning, and brain development. 

Where this is true, and scientifically established this matter should be 

addressed by this Court to correct, the draconian practice of discarding 

children, who have reached the age of 18 to 21 years old. 

Thus, developmental science does not support the bright-line boundary that 

is observed in criminal law under which eighteen year olds are categorically 

deemed to be adults. This practice must be corrected, and the chance and time 

is now. 

It is not our· position that Science will always trump law, however the 

findings of these well respected Doctors, Elizabeth Scott, Richard Bonnie, and 

Laurence Steinberg, should be seriously considered when considering the entire 

future of an adolescent, facing the rest of their life in prison, for conduct 

which he or she more than likely "lacked the ability to extricate themselves 

from horrific crime-producing setting. 

We ask that this Court consider the lack of development of the brain as 

partially addressed by the aforementioned doctors and has been partially excepted 

by the United States Supreme Court in previous decision see Miller, supra 

Montgomery, supra, (17 year olds], several cases admittedly not up to (21) 

twenty-one years of age however where the science supports this, defendant ask 

that this Court address defendants who are 18 through 21 years of age. 

, (_ 2 ) 



ARGUMENT I. 

DID ANY LOWER COURT ERROR IN DENYING DEFENDANT'S REQUEST FOR 
RELIEF, WHERE THE DEFENDANT WAS OLDER THAN 17, WHEN THE CRIME 
WAS COMMUTED. WHERE THE "BRAIN SCIENCE" FINDS NO DIFFERENCE 
BETWEEN SOMEONE 17, AND SOMEONE 21. THE CONSTITUTIONAL PROTECTION 
TO THE 8TH AMENDMENT MUST APPLY TO THESE DEFENDANTS WHERE THE 
"BRAIN SCIENCE" COVERS EVERYONE IN THE AGE GROUPS OF 18-21. A 
DURATION OF 365 DAYS CAN NOT CHANGE WITH A BIRTHDAY, OR A FLIP 
OF A SWITCH. 

STANDARD OF REVIEW 

This is an issue of "First Impression" The National Lifers Of America, 

Inc., through its President Mark McCloud, ask that this issue be reviewed De 

Novo, see People v Skinner, 312 Mich App 14, 22-23 (2015), People v Williams, 

483 Mich 226, 232 (2009). 

It is well established that the Eight Amendment protects defendants under 

the age of 18 from receiving a "Death Sentence" or Life Without the Possibility 

of Parole" without assessing their "diminished culpability and heightened 

capacity for change." Miller, supra, as was determined by the United States 

Supreme Court. Finding it to be cruel and usual punishment, in vioaltion of 

the eight amendment. 

It is noteworthy to mention that since the United States Supreme Court 

ruling in Roper v Simmons, 543 US 551; 125 SCt. 1183 (2005), (6) six states 

have abolished their death penaltyl], making a total of {19) nineteen states 

and the District of Columbia, without a death penalty statute. 

Doctor Laurence Steinberg, and others have done extensive research on 

children, adolescent, and young adult brain development and has reached several 

conclusions, the ones which are germane to the instant case is (3) three-parts: 

a). Mentally there is no difference between 17 year olds and 2.1 year olds 
developmentally; 

1). Connecticut (2012), Illinois (2011), Maryland (2013), New Jersey (2007), 
New Mexico (2009), and New York {2007). 

( 3 ) 



b). All members of this group should be entitled to the ruling in Miller, 
" ••. sentencing courts consider a child's 'diminished culpability and 
heightened capacity for change ..• " 

c). Further study of the brain development conducted in the past (10) years 
has shown that these key brain systems and structures actually continue 
to mature well into the mid-twenties this notion is now widely accepted 
among neuroscientists. 

Amicus only uses the United States Supreme Court authorities for the court's 

considerations as it applies to the "Brain Science", information as provided 

by Dr. Steinberg and others. In, Graham v Florida, 560 US 48; 130 SCt. 2011 

(2010). The United States Supreme Court also held in relevant parts: 

"As petitioner amici points out development in psychology and 
brain science continues to show fundamental differences between 
juvenile and adult minds." 

* * * * 
"Juveniles are more capable of change than are adults, and their 
actions are less likely to be evidence of 'irretrievably depraved 
character' than are the actions of adults." Id. 543 US at 570; 
125 SCt. 1183. 

Children have a lack of maturity and an underdeveloped sense of 

responsibility, leading to reckless, impulsivity, and heedless risk-taking. 

Second, children are more vulnerable to negative influences and outside 

pressures, including from their family and peers; they have limited control 

over their own environment and lack the ability to extricate themselves from 

horrific crime-producing settings. And third, a child's character is not as 

well formed as an adult's; his traits are less fixed and his actions less likely 

to be evidence of irretrievable depravity." Id. 132 SCt. at 2464. 

Where Dr. Steinberg has testified about the similarities between 17 year 

olds and 21 years old, as it relates to the brain development, Amicus believes 

that the same rationale should apply. See Montgomery, supra quoting Miller, 

(quoting Graham, at 71. See (EXHIBIT A) 

"Miller recognized that the distinctive attributes of youth 
diminish the penological justifications for imposing life without 

( 4 ) 



parole on juvenile offenders." Because 
an offender's blameworthiness, the case 
as strong with a minor as with an adult." 

retribution relates to 
for retribution is not 

Recent psychological research indicates that individuals in their late 

teens and early twenties are less mature than their older counterparts in several 

important ways. 21 First, these individuals are more likely than adults to 

underestimate the number, seriousness, and likelihood of risks involved in a 

given situation.31 

Second, they are more likely to engage in sensation-seeking, the pursuit 

of arousing, rewarding, exciting, or novel experiences. This tendency is 

especially pronounced among individuals between the ages of eighteen to twenty­

one.41 

Third, indivuals in their late teens and early twenties are less able than 

older individuals to control their impulses and consider the future consequences 

of their actions and decisions because gains in impulse control continue to 

d · h 1 . SJ occur uring t e ear y twenties. 

Fourth, basic cognitive abilities, such as memory and logical reasoning, 

mature before emotional abilities, including the ability to exercise self-control 

2]. For a recent review of this research, see LAURENCE STEINBERG, Age of 
Opportunity: Lessons From the New Science of Adolescence (2014). 

3]. T ~ Grisso, et. al. Juveniles' Competence to Stand Trial: A Comparison of 
Adolescents and Adults Capacities as Trial Defendants, 27 Law & Hum. Behav. 
333-363 (2003). 

4]. 

s J. 

E. Cauffman, et. al. Age Differences in Affective Decision Making as Indexed 
by Performance on the Iowa Gambling Task, 46 Dev. Psycho!. 193-207 (2010); 
L. Stienberg, et. al., Around the World Adolescence is a time of Heightened 
Sensation Seeking and Immature Self-Regulation Dev. Sci. Advance online 
publication doi: 10.1111/desc.12532. (2017). 

L. Steinberg, et. al. Age Difference in Future Orientation and Delay 
Discounting, 80 CHILD DEV. 28-44 (2009); D. Albert, et. al., Age Difference 
in Sensation Seeking and Impulsivity as Indexed by Behavior and Self-Report 

. Evidence for a Dual System Model, 44 DEV. PSYCHOL. 1764-1778 (2008). 
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to properly consider the risk and reward of alternative courses of action, and 

to resist coercive pressure from others. 

Thus, one may be intellectually mature but also socially and emotionally 

immature. As a consequence of this gap between intellectual and emotion maturity, 

these differences are exacerbated when adolescents and young adults are making 

decisions in situations that are emotionally arousing, including those that 

generate negative emotions, such as fear, threat, anger, or anxiety. 

The "Brain Science" also points out that the presence of peers also 

amplifies these differences because this activates· the brain's "Reward Center" 

in individuals in their late teens and early twenties. Importantly, the presence 

of peers has no such effect on adults. 61 

was 

In recent experimental studies, the peak age for risky decision-making 

determined to be between nineteen and twenty-one. 71 

There is a clear consensus among the scientific field as to the age of 

adulthood, which is clearly contrary to the current statutory authorities in 

most states in the country. However, this should not be a deterrent, for this 

Court and future legislature to move away from the erroneous "Norms", especially 

in light of what is at stake "adolescent/children", who have been discarded 

sentenced to die in prison for conduct which they lacked the mental maturity 

to understand. 

The more the Supreme Court writes about this issue, the less it becomes 

about the age of the offender per se, and the more it becomes about recognizing 

6). A. Cohen, et. al. When is an Adolescent an Adult? Assessing Cognitive 
Control in Emotional.and Non-Emotional and Contexts, 4 PSYCHOLOGICAL SCIENCE 
549-562 (2016); L. Steinberg, et. al., Are Adolescents Less Mature Than 
Adults? Minors' Access to Abortion, the Juvenile Death Penalty and the 
Alleged APA "Flip-Flop" 64 Am PYSCHOLOGIST 583-594 (2009). 

7). D. Albert, et. al., The Teenage Brain; Peer Influence on Adolescent Decision­
Making, 22 CURRENT DIRECTIONS IN PSYCHOL. SCI. 114-120 (2013). 
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the hallmark characteristics of adolescence. It is clear after Montgomery that 

the Eighth Amendment requires more than mere consideration of the juvenile's 

age before the imposition of a sentence of life without parole. 

Sentencing courts are required to decide whether the juvenile offender 

before it is an adolescent "whose crime reflects transient immaturity" or is 

one of those rare adolescent "whose crime reflect irreparable corruption" for 

whom a life without parole sentence may be appropriate. 

There are states which offer greater protections to adolescent/youthful 

offenders into their early twenties, 81 including Michigan, see Holmes Youthful 

Trainee Act. 

MICHIGAN The Holmes Youthful Trainee Act of 1927, which 
originally protected youths up to age twenty-one, in 2015 it was 
revised to allow for the expungement of the record of a youthful 
offender up to age twenty-four. See MCLA 762.11. For those over 
age twenty-one, the prosecutor consent is required, and it does 
not apply to any "felony for which the maximum penalty is 
imprisonment for life," or a "major controlled substance offense." 

As of 2003 - two years before Roper thirty-five states had already extended 

dispositional jurisdiction beyond age eighteen. Young Adulthood, at 666, n. 

156. By 2016, all fifty states, the District of Columbia, America Somoa, Guam, 

Northern Mariana, Puerto Rico and the Virgin Island had done so. See Angel 

Zang, US Age Boundaries of Delinquency 2016. 

Amicus request: that this Court include in it's decision, adolescents who 

were 18 to 21 this request is not without some precedent to support this request 

that adolescence is a "state of mind" (Brain Science), and not physical 

characteristic as has been discovered by Dr. L. Steinberg and the other 

professionals, in the field of Neuroscience, which with the advent of machines, 

e.g., Functional Magnetic Resonance (fMRI) which can actually allow non-intrusive 

8). Alabama, California, Colorado, Florida, Georgia, Hawaii, Indiana, Michigan, 
New Jersey, North Carolina, New York, Oklahoma, South Carolina, Virginia, 
Vermont, and West Virginia. 

( 7 ) 



examination of the brain. See (EXHIBIT B) 

More recent Dr. Lebel and Beaulie (Lebel Study) used "Diffusion Tensor 

Imaging" (DTI) a technology more advance than MRI imaging to show that 

association tracts in the brain also continue to develop during late adolescence 

and early adulthood. These tracts are responsible for linking perceptual and 

memory centers of the brain and are needed for complex cognitive tasks such 

as inhibition, executive functioning and attention. 

The National Center of Juvenile Justice. Geography, Policy, Practice & 

State Scan. This study shows a unanimous national consensus that late 

adolescents 18 to 21 requires extra protections from the criminal law. The 

Brain Science or research which speaks of the development of eighteen year old 

brains is not limited to eighteen year olds. The brain science encompasses 

18,19,20, and 21 year olds as all being in the same group, late adolescence. 

The Geography, Policy, Practice & State Scan, supports the contention that 

there is more consensus that turning eighteen does not magic away one's 

immaturity, than there is that seventeen is the proper jurisdictional age for 

juvenile court. 

Perhaps one of the most germane studies to the opinion that 21 year olds 

are more like 16 or 17 year olds in a highly charged environment, see A. Cohen 

"When is an Adolescent an Adult? Assessing Cognitive Control in Emotional and 

Non-Emotional Contexts", 4 PSYCH0L. SCI. 549-562 (2016). 

"Under emotionally neutral conditions, individuls between eighteen 
and twenty-one were able to control their impulses just as well 
a those in their mid-twenties. However, under emotionally arousing 
conditions, eighteen to twenty-one year olds demonstrated levels 
of impulsive behavior and Ratterns of brain activity comparable 
to those in there mid-teens. 

Put simply, under feelings of stress, anger, fear, threat, ect., the brain 

of a twenty year old functions similarly to a sixteen or seventeen year olds 

Amicus believes that were the brain functions the same, the parties 18 to 21, 

( 8 ) 



must be treated like their 17 year old counter-parts. 

Where the "Brain Science" has lead, and guided the Courts of this country 

up to this point, [ruling that 17 year olds cannot be executed, or issued 

sentences of (LW0P) except in rare cases]. The same "Brain Science" applies 

to those who were. 18,19,20, and 21 years of age at the time of their crimes. 

Recent neurobiological research parallels the above psychological 

conclusions. This research has shown that the main cause for psychological 

immaturity during adolescence and the early twenties is the difference in timing 

of the maturation of two important brain systems. 

The system that is responsible for the increase in sensation-seeking and 

reward-seeking sometimes referred to as the "socio-emotional system" undergoes 

dramatic changes around the time of puberty, and stays highly active through 

the late teen years and into the early twenties. However, the system that is 

responsible for self-control, regulating impulses, thinking ahead, evaluating 

the risk and reward of an action, and resisting peer pressure referred to as 

the "cognitive control system" is still undergoing significant development well 

into the mid-twenties. See, (EXHIBIT C) 

The science shows that it pertains to 17 ,18,19,20, and 21 year olds, this 

Court has the duty to apply the science to all who are similarly situated. 

See, S-J Blakemore, Imaging Brain Development. There are considerable structural 

changes and improvements in connectivity across regions of the brain which allow 

for this development. These structural changes are mainly the result of two 

process: 

"Synaptic pruning [the elimination of unnecessary connections 
between neurons, allowing for more efficient transmission of 
information] and Myelination [insulation of neuronal, connections, 
allowing the brain to transmit information more quickly). 

While synaptic pruning is mostly complete by age sixteen, Myelination 

continues through the twenties. Thus, while the development of the prefrontal 
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cortex ( logical reasoning, planning, personality) is largely finished by the 

late teens, the maturation of connections between the prefrontal cortex and 

re~ions which govern self-regulation and emotions continues in the mid-twenties. 

This part of the science should be the essential part which shows the Court 

that the psychological science must lead this Court to -conclude that even 

intellectual young adults may have trouble controlling impulses and emotions, 

especially in charged environments, this includes 18,19,20, and 21 years olds. 

CONCLUSION 

In conclusion The National Lifers Of America Inc. Chapter 1016 through 

it's Chapter President Mark McCloud, seeks to have this Court consider this 

Amicus Curaie Brief, which is based on the science of several doctors who 

specialize in neuroscience and Doctor Laurence Stienberg, who was excepted as 

an expert in Adolescent Development in the case of Commonwealth v Diaz, et. 

al. No. 1S-CR-S84. 

Where the United States Supreme Court, and other Courts has excepted these 

scientific studies, reports and the testimony of Dr. Stienberg, and all of the 

science clearly indicates that under stressful situations a 21 year old is 

similar to someone in their mid-teens, these individuals should be treated the 

same. See, (EXHIBIT D). 

Amicus does not believe that anyone would challenge that there is a distinct 

difference between Adolescents and adults. Dr. Steinberg, has since supplemented 

his initial testimony with a report further detailing the structural and 

functional changes responsible for the differences. 

Now with (£MRI), and (DTI), which allows for the better views of the brain 

in real time, these advents will allow for better and more accurate examination 

and information of the adolescent brain and adult brain for comparison and study. 

( 10 ) 



MI Tl GAT ING FACTORS 

The intereshid parties (i.e., NLA Chapter 1016) l!embers Mark A. McCloud-

1:I ;· DeMel A. Dukes, Gregory M. Allen, Quincy Howa,·d, To,1ya Snyde;• and NLA 

Chapter 1016 i tse l'f are arnong i'ile part I E,s who through var I ous charged 

environments were forced Into gangs and vlolen1· homes. Many of the lntarested 

part I es 11e,·e ra I sed in the very cond I tlons that make Dr. Ste I nberg and the other 

neuro-sc I ent I sts I findings a 11 the m,:ire cone I us l ve. 

Extreme poverty, low-err.ployr,,ent, drug abuse, sexual abuse, 111 He1·acy ai1d 

the 1mr on drugs, deep I y affected most, If not a 11 of i'he movanrs. 

Statistics from the e1·a in which most of the movants c8rne of age CMld·-to·-

1 ate-ado I escence in and around the I atr, c i ghti es, 12p and th;•nugh th" P.ar I y ·h,o­

thousands, ba,·e w I i'ness to the mi ti gatl ng cond H·l ons that i·hese I ~te ado I escence 

11 verl th,·ough. 

Various d1·ug gdngs ,1ctl•rnly and vlgor.,usly rsc1·ui1·~d ·th,,so foens and lilte 

adolescence, using ln·rimldatlon and r,;ven the threat of rntwder 1·o ensure 

continuou:, criminal activity. Many ,,ere coerc<?d into becoming ,··~r.rult-?;-s 

their.selves •. Some 1,ere even dispatched to carry out the ord,Jrs of 9ang lead,;.rs. 

Leaving these ga~gs and groups '<I ere near I y I mpc.,:; I b I ,1 beca1Js,;, ti1e th,e,1t of 

death 11as ev.er present. Leaving a I lfe that mcst had only kno•,n, was daunting as 

al I 1,ere tether.ed to homes, fomi I !es, ,ind nelghbo1·hoods no·r to r1ention they ·,·ere 

by al I account not yet ~d1Jlts, hut late adolescents, shpl·t moving or ga~ting 

out was In most cases, impossible. 
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To what extent shou Id th,c .,,,n~.; rl-0 -~a-! i ,n ,., deve J opmenta I· steges of youth 

extend I tse If and to whom? The Amici strong I y p I aads w I th this Honor ab I e Cou,-t 

to extend It's consl<ieretlon of Ml Iler_. so for as the mand.::tory wspect of lat,, 

+hat this Court recagnlze th~t m,+urt+y J:; not ~imply 11:..merfc:al, but -~hut 

envlronmental factor~ can U'ld dons shaoe c,rie's behavior. H.~ alsc enk 1·h..:1t :·l\;.:"'l 

con~ I rlerat I on ,:,f matur 1-ty shown througb ye!lrs of I nca,-.cer~t i en •x, r-d I ;;.::1·ed i 11 

As th"' ~I ch 1 gan Dapa1·tment of CorrBc1'! ans 

does when scoring for securl-ty classiflcatlon. The MDOC Security 

Classlflcatlon Screenln') She,;,t, ref!ects the rew,rds of -t-urnlr.g 26 yenrs of age 

hy removing P.nd reducli<J pol!1+::, 'thw:: 1,Jwering c: pc,:-son•s secur-ity 

classification. 

RELIEF SOUGHT 

8ased on what Is.• und Is puted ~!' I ,ar+ !f k ~ese,~rch enc : •; 1 ,fon.::o:- c:once:·n ! n9 

adolescence brain develorment, which categories 113., ,,i_. 20 and 21 years old as 

late ac'olescerce, Amicus ask this Court exp1:1nd .ft'5 revt0·,· of 18 y:,an; old 

defendants, to Include al I those r,ersoM In l:<1te. ,,:4::,l,1~r:,mcc who ;.•?.re ·rn, 19, 

20. and 21 years of ag" at the time cf thc?ir offensc.s_. and pr.:ivl,fo H,€, 11,i Iler-

Date: feb1.1q-y\'6, 2020 
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EXHIBIT A 

UNITED STATES V C.R., 792 F. Supp2d 343 (ED.NY. 2011). 

TESTIMONY OF DR. LAURENCE STEINBERG 
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2. Testimony 

Expert testimony presented at the sentencing hearing strongly supports application of general 
scientific principles of adolescent brain development to C.R.'s situation. 

Page 1 ofS 

Dr. Laurence Steinberg was the "the lead scientist for the American Psychological Association in 
assisting the Association's counsel in preparing the amicus brief in [Roper v. Simmons, and Graham v. 
Florida]". His testimony summarizes the scientific studies discussed, in subsection 1, supra, which find 
that the bright line cut-off of age eighteen does not accurately reflect the realities of adolescent brain 
development: 

Q Dr. Steinberg, what is the difference between chronological age and developmental 
age? 

A Chronological age is simply a count of the number of years that somebody has been 
alive. But developmental age can be measured by looking at the person's 
[**424] intellectual functioning or social functioning or emotional functioning, and 

········--··-- within any.given chronological age there will be a range in terms of individual's 
developmental functioning. 

Q So, one's chronological age and one's developmental age don't necessarily match up? 

A Correct. 

Q And at what age does a person's brain fully develop? 

A It really depends on what aspects of the brain and what brain systems one is talking 
about. But I think the consensus among developmental neuroscientists scientists now 
would be some time during the mid-20s probably . 

. Q And what kind of research is that conclusion based on? 

A It's based on both structural and functional MRI. Structural MRI would be exams that 
would look at the brain's anatomy whereas functional MRI would be exams that look at 
the brain's functioning. 

Q And those tools, when given to large groups of people over time, show development 
continues until the mid-20s in most people? 

A Correct. 

Q Now, Is there any developmental significance from a brain development perspective as 
to whether chronologically someone is 17 and 364 days or 18 years old? 

A No, there isn't. 

Q There's no shift in the brain because one tums 18? 

ANO. 

Q And from a developmental [**425] perspective, how do you define adolescence? 

A Well, that's hard to do because it really depends on what aspects of development 
you're speaking about. If you were doing it in terms of brain development, I would say 
probably from about 10 to 24 or so in the sense that we can see that there is still brain 
development going on during that time period. If you were talking about psychological 
development, I would say maybe from 10 to 20, 10 to 21, around there. 

Q And does the term adolescence itself indicate that a person is still developing? 

A Yes. I think that we use It commonly to .refer to somebody who is not yet an adult 
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Q And I know you were present for the testimony of Dr. Barr and you heard [*503] 
him say that the cutoff is 18 for adolescence. Do you agree with that from a brain 
development point of view? 

A Certainly not. 

Q Do you agree with that from a psychosocial point of view? 

A No. 

Q And why do you disagree with the Idea that adolescence cuts off at 18 from a brain 
development point of view? 

A Well, we know that there's structural brain change after the age of 18 both in gray 
matter and In white matter, and we also know that there's function in the brain after 18 
in terms of differences in [**426] patterns of brain activity that you see among people 
of different ages. 

Q And from a psychosocial point of view, why do you disagree with the idea that 
adolescence is cut off at 18? 

A Well, on certain measures, we, in our own research and others, find that there's 
continued maturation of certain psychosocial capabilities after 18. 

·-···-··------· ·- -·--·-· --·--·-----· ... ·-·-·-·-·--·- --·--·---·········-·--·-·-····-···-·--··----- --·· --- ·-·-·--·--------· 
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Q When you're saying that, grossly speaking, people's brains continue to develop until 
. age 25 you're talking about normal or typical persons, not a developmentally delayed 

group? 

A Yes. 

Q So, a normal 19-year-old's brain is not fully developed? 

A On average, right. 

Q On average. 

Hr'g Tr. 63-67, Jan. 25, 2011.. 

Dr. Steinberg also testified about the import of the continued adolescent brain development on 
"executive functions• such as decision-making, impulse control, balancing risk and reward in young 
adulthood. He explained: 

Q Are there neurobiological changes occurring at age 19 that might influence of a 
·person's decision·-making processes? 

A Yes, because regions of the brain that are important for things like thinking ahead and 
planning and impulse control and weighing risks and rewards, those regions and systems 
of the brain are still developing after age 19. [**427] And to the extent that those 
capacities affect judgment and decision making, we can link the two together and argue 
that what we know about adolescent brain development would suggest that some 
aspects of judgment and decision making are probably still immature at that age. 

Q And, again, you're saying this as to the typical person not as to someone outside the 
norm? 

A That's correct. 

QI think you also heard Dr. Barr testify that C.R., our defendant here, as an average, 
based on his tests, has an average executive function for his age group. Do you recall 
that testimony? 

A Yes, I do. 

Q Now, based on your research, am I correct, that this age group Is still developing in its 
executive functioning? 

A Yes. 
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Q So, to say that C.R. falls within that average group also says that his executive 
function is still developing? 

A Probably, yes. 

Q Now, what are the characteristics of executive function that, from your research and 
your knowledge of this field, are still developing in this group? And I'm talking now 
specifically say from age 17 to 21. 

A Impulse control as I mentioned. Planning and thinking ahead probably although 
there's less research on this. The way that people balance risk and [*504] reward 
when [**428] they make decisions about engaging in a potentially risky behavior. 

Q When you say "impulse control," can you tell us more about what you mean by that? 

A Well, the ability to stop yourself from acting by thinking through the potential 
consequences, let's say, pf the action. ' 

Q And how does that differ for the normal, the cognitively normal 19-year-old from a 
fully-matured adult? 

A Well, a cognitively normal 19-year-old would be more apt to behave impulsively than a 
typical 25-year-old, let's say, as a point of comparison. 

Id. at_67-69. ------· ···-----·--------···-· ------------------· 
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Professor Steinberg went on to explain the scientific evidence regarding anatomical brain 
development that supports the conclusions about executive functions. His testimony fully 
corroborated th.e research and studies relied upon by the Supreme Court in Roper v. Simmons, and 
Graham v. Florida previously discussed. Id. at 69-71. Also discussed was the relationship between 
adolescent "sensation-seeking" behavior and brain development. His testimony was as follows: 

Q You talked about this processing of emotions and social information. Is that connected 
with what's called "sensation-seeking behavior"? 

A A little bit. Sensation seeking is regulated by parts of the [**429] brain that are also 
important in processing emotion and social information but I wouldn't say that they're 
the same thing. 

Q Okay. And when do individuals develop sensation-seeking behavior? 

A Well, sensation seeking which is also sometimes discussed under the heading of 
novelty seeking or reward seeking. Sensation seeking is known to increase fairly 
dramatically between preadolescence and mid-adolescence and then starts to decline, 
let's say, after age 16 or 17 gradually as people mature into adulthood and that's what 
we now understand a little bit about the biological underpinnings of that change. 

Q And is there a part of the brain that regulates this sensation-seeking behavior so that 
it decreases as one matures? 

A Well, sensation seeking decreases for two different reasons. The first is that the part of 
the brain may lead to an event striatum which is part of the limbic system which is that 
part of the brain that part impels us to seek.rewards. It's the part that's responsible for 
our experience of pleasure and for reward. That part of the brain becomes very much 
more aroused during the first part of adolescence and that arousal Is particularly high 
during the mid-adolescent years, [**430] 16 or so. That declines as individuals move 
into adulthood, so one reason that sensation seeking declines is that that reward 
system, if you will, becomes less easily aroused. But a second reason is that the part of 
the system that puts the brakes on things which is the prefrontal cortex is, as I've 
discussed, continuing to mature during late adolescence and into early adulthood. 

And if we think of middle adolescence as the metaphor is the accelerator is pressed 
down to the fioor but the braking system is still not mature; and as the accelerator 
becomes lifted a little bit, and as the braking system matures, sensation seeking 
declines. 

Q And at what age does the braking system or what we might call the regulatory 
mechanisms, at what age are those fully developed? 
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A Probably, again, in the mid-20s or so. 

[*SOS] Q And is that also data that's available from these two forms of MRis or from 
other types of research? 

A Well, if we're talking about - yes, yes. Because particularly, I mentioned before the 
third type of structural change that's going on, the connectivity that psychiatrists believe 
that plays a very Important role in emotion regulation because it's the -it refers to the 
connection between [**431] the part of the brain that is processing emotions and the 
part of the brain that is important in self-regulation. And because that connection 
becomes stronger and more well-developed during late adolescence and early adulthood, 
the capacity to regulate one's emotions also becomes more mature. 

Q And to put it in a concrete context such as the one we face here, can you give an 
example of how the same choice such as whether to commit what might be pleasurable 
but still be criminal conduct might be handled differently by a still developing 1g-year­
old versus a fully-developed adult? 

A Let me put this in context because I think it's important to know that psychologists 
and sociologists refer to that as what's called the Age Crime Curve .••• [The] Age Crime 
Curve, which shows that misbehavior of almost every sort increases from age 10 or so 
on and peaks around 17 or 18 and then declines. And it's likely to be the case that that 
decline is related to improvements In self-regulation and in the maturation of self­
control. So, to go back to your question, I think that a 19-year-old would be less likely 
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-···--·- ---·-······--than a fully-mature individual to stop and think about a misdeed before engaging in It ........ --·-------- ----

Q And, [**432] to your knowledge, is that Age Crime Curve similar for sexual offenses 
versus nonsexual offenses? 

A It pretty much applies to all kinds of offenses. 

Q N0w, again, with all this, you're talking about normal development, not abnormal; is 
that correct? · 

A Correct. 

Q Now, turning now to the psychosocial context which we've touched on a little bit. From 
your research and the data available in your field, are normal adolescent psychosocial 
capacities comparable to those of adults? 

A No. 

Q How do they differ? 

A Well, compared to adults, adolescents are more susceptible to peer pressure. They are 
more impulsive, they are less likely to plan ahead, and they are more reward sensitive,­
meaning, that in evaluating a situation in which there are both risks and rewards 
present, they're going to pay relatively more attention than an adult would to the 
potential rewards and relatively less attention to the potential risks or costs. 

Q And is that true for someone at the age of 18 and 19? 

A It's true for most of that . Not so much reward 

sensitivity because that pretty much sort of hits an asymptote for a while around the age 
16, 17, but the ones having to do around regulation. So, impulse control, susceptibility 
[**433] to influence, thinking ahead, considering the future consequences of one's 

actions, those are all still immature at age 18. 

Q You've spoken about this a little bit, but are there biological rationales or evidence 
that support these psychosocial observations? 

A Yes, they would have to do with maturation of the prefrontal lobe both in [*506] 
synaptic pruning and myelination and the development of stronger connections between 
cortical and subcortical regions. 

Id. at 71-75. 
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Discussed by Professor Steinberg was the adverse impact of incarceration on adolescent 
development. He explained, "I don't think there's enough research, you know, on that to draw 
conclusions. What we do know is that individuals coming out of correctional environments are much 
less likely to become reintegrated into the community, be gainfully employed, and so forth than other 
what we might call at-risk groups." Id. at 83-84. In a colloquy with the court Professor Steinberg 
confirmed that these conclusions are controlled for a variety of factors such as education, race, and 
parents' occupation. Id. at 84. Protective factors that would reduce the likelihood of sexual re-
offending were also examined. The professor explained, 

[B]eing [**434] in school is a protective factor against future offending. Having parents 
who monitor your whereabouts and provide structure and guidance is a protective factor 
against offending. Being gainfully employed is a protective factor against future 
offending. And not associating with antisocial peers a protective factor against future 
offending. Being In - successfully completing an evidence-based intervention or 
treatment is a protective factor against future offending. Yes, it's always in individual 
cases it's very hard to make predictions; but on average, we can say that young people 
who are, you know, in school and/or working and have a good home environment and 
are treated for a mental problem, if present, are going to be less likely to re-offend than 
individuals who, you know, are not attending school, who don't have good parents, who 
hang out with deviant peers, and who have a problem like a substance abuse problem 
that's untreated. 

Id. at 86-87. 

---·----·-----·-·· ------- ··--···-. ----· --· ---·-- --· .... ··- --·----- ... ·-- -·--·-------------·-------. -· -----·-- -- -··-······-----··· 
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Abstract 
There is a significant inflection in risk taking and criminal be­
havior during adolescence, but the basis forth is increase re­
mains largely unknown. An increased sensitivity tci rewards 
has been suggested to explain these behaviors, yet juvenile 
offences often occur in emotionally charged situations of 
negative valence. How behavior is altered by changes in 
negative emotional processes during adolescence has re­
ceived less attention than changes in positive emotional 

· processes. The current study uses a measure of impulsivity 
in combination with cues that signal threat or safety to as­
sess developmental changes in emotional responses to 
threat cues. We show that adolescents, especially males, im­
pulsively react to threat cues relative to neutral ones more 
than adults or children, even when instructed not to re­
spond. This adolescent-specific behavioral pattern is paral­
leled by enhanced activity in limbic cortical regions impli­
cated in the detection and assignment of emotional value to 
inputs and in the subsequent regulation of responses to 
them when successfully suppressing impulsive responses to 
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threat cues. In contrast, prefrontal control regions implicat­
ed in detecting and resolving competing responses show an 
adolescent-emergent pattern O.e. greater activity in adoles­
cents and adults relative to children) during successful sup­
pression of a response regardless of emotion. Our findings 
suggest that adolescence is a period of heightened sensitiv­
ity to social and emotional cues that results in diminished 
regulation of behavior in their presence. 

020145. Karger AG, Basel 

Introduction 

Adolescents commit more crimes per capita than chil­
dren or adults in the USA [I] and in nearly all industrial­
ized cultures [2]. Their proclivity toward incentives [3, 4] 
and risk taking [5-8] has been suggested to underlie the 
inflection in criminal activity observed during this time. 
Yet heightened sensitivity to incentives and risk taking 
are only part of the equation, as criminal behaviors often 
occur in emotionally charged situations of negative va­
lence. Does negative emotional information impact self-
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control differently across development? Previous work 
has shown that positive emotional cues lead to poorer 
self-control in adolescents relative to children and adults 
[3], but do negative emotional.cues also lead to poor im­
pulse control? The current study tests whether adoles­
cents are more impulsive relative to adults or children 
when there is a signal of potential threat, using a measure 
of impulsi:vity in combination with cues that signal threat 
(e.g. a frightened face) relative to neutral ones (calm face) 
and examines potential mechanisms for developmental 
differences in behavior. 

The fight-or-flight response is a physiological reaction 
to perceived threat [9]. Fearful faces are a reliable indica­
tor of threat in the immediate environment [10], evoking 
a well-defined neural response [11, 12]. Negatively va­
lenced stimuli such as fearful.faces generally inhibit be­
havior, slowing response times and inhibiting motor re-

. sponses in various tasks [13-15]. Adolescents, however, 
show difficulty suppressing attention and actions toward 
emotional stimuli even when irrelevant. to the task at 
hand [16, 17]. This relative lack of cognitive control in the 
presence of emotional and motivational cues may under­
lie the behavioral risks that are characteristic of adoles-
cence [18]. . 

Prior work suggests that diminished self-control dur­
ing adolescence may result from competition between 
limbic and control circuitry [17-20]. A combination of 
evidence from human imaging [3, 21-25], postmortem 
[26] and animal [27, 28] studies of regional brain changes 
over the course of development indicate that limbic and 
prefrontal circuitry interact differentially across develop­
ment [29]. Specifically, limbic circuitry is thought to de­
velop earlier than control circuitry as a result of evolu­
tionary pressure and· changes in gonad hormone levels 
that impact limbic structures. This developmental imbal­
ance is suggested to result in a greater influence of limbic 
than prefrontal regions on behavior during adolescence. 
This pattern is in contrast to that observed in adulthood 
when these circuits have matured or in childhood when 
they are still developing. 

The current study uses a A go/no-go paradigm to mea­
sure impulsi:vityin combination with cues that signal threat 
or safety (fearful or calm facial expressions) to assess devel­
opmental changes in emotional responses to such cues, 
their influence on behavior and their neurobiological cor­
relates. In previous work using the same task and overlap­
ping sample, we have shown a heightened sensitivity to 
emotional cues during adolescence; In the first study [30] 
we showed longer response latencies to negative (fear fac­
es) relative to positive (happy faces) emotional cues across 
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ages but adolescent-specific increases in amygdala activity 
when having to respond (go) to fear faces. In a second study 
[3], we focused on the ability to withhold a response to · 
positive cues, focusing solely ·on happy no-go trials and 
showed that adolescents made more false alarms to happy 
cues than to neutral cues compared to children and adults. 
This pattern was paralleled by greater ventral striatal activ­
ity in adolescents relative to children and adults. Finally, 
recent reports by other laboratories have noted decrements 
in behavioral performance on cognitive control tasks in the 
presence of negatively valenced stimuli versus neutral 
stimuli in adolescents relative to children or adults [15, 16]. 

In the current study, expanding on these previous ad­
olescent-specific findings toward emotionally valenced 
stimuli, we test for developmental differences in brain 
and behavior when required to suppress responses to cues 
of potential threat Second, we explore individual differ­
ences in brain activity associated with overall behavioral 
performance. Finally, we explore possible sex differences 
in behavior and brain responses to cues of potential 
threat 

Methods 

Subjects 
A total of 80 participants between the ages of 6 and 27 years 

were scanned using functional magnetic resonance imaging 
(fMRI). Data from 23 participants were excluded due to poor over­
all accuracy (mean no-go accuracy <7096, n = 9), too much head 
motion-(>2 mm translational or 2° rotational motion within arun, 
n= 12) or technical problems (n=2), resulting in datafrom57us­
able subjects (27 females) in all reported analyses. Participa.I)ts 
were grouped into child (aged 6-12 years, n = 18, 10 male), ado­
lescent (aged 13-17 years, n = 19, 10 male) and adult (18 years or. 
older, n = 20, 10 male) age groups. Data from this sample have been 
published previously on a different subset of the data [3, 30]. All 
participants provided informed written consent (parental consent 
and subject assent for children and adolescents) approved by the 
Institutional Review Board of Weill Cornell Medical College. 

Behavioral Paradigm 
Participants completed six runs ofa go/no-go task [3, 30] using 

fearful, happy and calm facial expressions as target (go) and non­
target (no-go) stimuli (fig. la). Within each run, two types of facial 
emotions were presented, one serving as the target (go) stimulus, 
to which they were instructed to press a button, and the other serv­
ing as a non target (no-go) stimulus, for which they were instruct­
ed to withhold a button press. Facial expressions were pseudoran­
domized across the run to control for presentation order, and all 
combinations of expression were used as both targets and nontar­
gets, resulting in a 2 (response: go, no-go) x3 (emotion: fear, calm, 
happy) factorial design. Prior to each run, participants were in­
structed as to which expression served as the target (go) stimulus 
and that they should respond with a button press only to that ex-
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Fig. 1. Development of impulse control to threat cues. a The emo­
tional go/no-go task illustrating 5 trials with calm faces as the tar­
get stimuli, for which participants should go by pressing a button. 
Fearful faces are the nontarget (no-go) stimuli, to which partici­
pants should withhold a button press. Each face was displayed for 

pression. Participants were also instructed to respond as fast as 
possible but to try to avoid making errors. The present report fo­
cuses specifically on the analysis off ear no-go trials relative to calm 
no-go trials. Previously published work on this task focused on 
no-go trials to happy facial expressions [3) and go trials to fearful 
facial expressions [30). 

Stimuli and Apparatus 
The stimuli consisted of fearful, happy and calm faces from the 

NimStim set of facial expressions [31). We used calm faces (mild­
ly pleasant neutral faces) because we [32) and others [33, 34] have 
shown that developmental populations may perceive neutral faces 
as negative. The task was programmed using E-Prime software and 
presented to subjects on an overhead liquid crystal display panel 
integrated with the !FIS-SA system (£MRI Devices Corporation, 
Waukesha, WISC., USA). Button responses and reaction times were 
logged using E-Prime software integrated with the !FIS system. 

Task Parameter, 
The data were acquired in six functional imaging runs that 

combined each emotion (happy, calm and fear) and response (go 
and no-go; fig. I) using a rapid event-related design. On each trial, 
a face apJ?eared for 500 ms followed by.a jittered intertrial interval 
of between 2 and 14.5 s (mean 5.2 s) dnring which participants 
were presented with a fixation crosshair. A total of 48 trials were 
presented per run in pseudorandomized order (36 go and 12 no­
go). A total of 24 no-go trials and 72 go trials were acquired for 
each expression type. 

Image Acquisition 
Participants were scanned with a General Electric Signa 3.0-T 

£MRI scanner (General Electric Medical Systems, Milwaukee, 
WJSc., USA) and quadrature head coil A high-resolution, Tl-
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500 ms followed by a variable intertrial interval. b False alarms 
(dark gray line) to fear relative to calm no-go trials show an ado­
lescent-specific pattern of more commission errors for adolescents 
than either children (135 = 2.79, p < 0.009) or adults (137 = 2.30, p < 
0.03). 

weighted anatomical scan (256 x 256 in-plane resolution, 240-mm 
field of view, 124 1.5-mm slices) was acquired for each subject for 
transformation and localization of data to Talairach grid space. A 
spiral in and out sequence [35) was used to acquire functional im­
aging data (repetition time= 2,500 ms, echo time = 30 ms, field of 
view= 200 mm, flip angle= 90, skip 0, 64 x 64 matrix). In all, 34 
4-mm-thick coronal slices (3.125 x 3.125 mm resolution) covering 
the entire brain except for the posterior portion of the occipital 
lobe were acquired per repetition time. 

Behavioral Analysis 
Behavioral data from the emotional go/no-go task were ana­

lyzed for false alarms (incorrect presses to a 'no-go' stimulus) to 
fear and calm cues. Errors were calculated as a difference score 
between errors to fear nontargets relative to calm nontargets to 
isolate the effects of negative valence from the overall error rate. 
Error rates were compared between age groups (children, adoles­
cents and adults). A positive value represents a greater proportion 
of errors to nontarget fear faces than calm faces, while a negative 
value represents the inverse. Mean reaction times and hit rates 
have been reported elsewhere [30). A two-way ANOVA was per­
formed with age group and sex as the between-subject variables 
and a difference score between errors to fear non targets and errors 
to calm nontargets as the dependent variable of interest. 

Imaging Analysis 
Imaging data processing and analyses were performed using 

AFNI (analysis of functional neuroimages) software [36). Fnnc­
tionalimaging data were slice-time corrected, realigned within and 
across runs to correct for head movement, coregistered with each 
participant's high-resolution anatomical scan, scaled to percent 
signal change units, and smoothed with a 6-mm FWHM gaussian 
kernel A general linear model ( GLM) analysis was performed on 
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each subject to characterize task effects with task regressors (calm/ · 
go, calm/no-go, happy/go, happy/no-go, fear/go, fear/no-go, er­
rors), convolved with a gamma-variate hernodynamic response 
function. Separate regressors were created for correct go and no-go 
trials, broken down by emotion ( errors were grouped and modeled 
separately with insufficient numbers to analyze separately). Only 
correct fear and calm trials were considered of interest and includ-
ed in the second-level analysis. · 

We modeled the effects of response (go vs. no-go), age group 
(child, adolescent or adult) and emotion (fear or calm) on brain 
activity using a linear mixed-effects model [37]. Parameter esti­
mate (~) maps representing task effects were then transformed 
into the standard coordinate space ofTalairach \Uld Tournoux [38] 
(1988) by applying the warping parameters obtained from the 
transformation of each subject's high-resolution anatomical scan. 
Talairach-transformed parameter estimate maps were resampled 
to a resolution of3 x 3 x 3 mm. A group lli)ear mixed-effects mod­
el was performed to identify functional regions of interest (RO!s) 
implicated in the interaction of response, age group and emotion. 
Imaging findings considered statistically significant exceeded 
whole-brain correction for multiple comparisons to preserve an 
alpha <0.05 by using a p value/cluster size combination stipulated 
by Monte Carlo simulations run in the AlphaSim program within 
AFNL Off-line analyses were conducted in SPSS Statistics 17.0 
software (SPSS, Chicago, Ill., USA). Beta values were extracted 
from whole-brain-corrected RO Is (drawing a 5-mmsphere around 
the peak voxel in each region) and submitted to oflline post hoc 
analyses with SPSS. . 

Control Anaryses 
All imaging analyses were based on correct no-go trials. As task 

performance was significantly different between age groups, a sec­
ond analysis was conducted to verify that the observed develop­
mental effects were not due to less power in one age group relative 
to another. First-level GLMs were estimated in which number of 
correct trials were equated for all participants across conditions 
(fear/go, fear/no-go, calm/go, calm/no-go), using the lowest mean 
number of correct trials of all age groups (calm no-go trials in chil­
dren; mean= 17-out of24 possible, or 70% mean accuracy). New 
regressors were generated by randomly selecting 17 ( of 24) trials 
per condition for inclusion. All other trials were modeled as sepa­
rate regressors that were not further examined.. Beta values were 
extracted from the 17-tria) regressors using the previously defined 
ROis, tested for replication, and reported in Results. · 

Results 

Behavioral Results 
The 2-way AN OVA showed a main effect of age group 

on false alarm rates to fear relative to calm nontargets 
(F2, 59 = 8.58, p < 0.001), but no main effect of sex (F1, s1 = 
0.05, p > 0.85 ) or interaction with sex (F2, s1 = 0.27, p > 
0. 77). Post hoc t tests showed that adolescents made more 
false alarms to fear nontargets in comparison to calm 
nontargets than either children (t35 = 2.79, p < 0.009) or 
adults (t37 = 2.30, p < 0.03; fig. lb). 
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Imaging Results 
The whole-brain age group (3) x response (go/no­

go) x emotion (fear, calm) linear mixed-effects model re­
vealed 7 ROis (see table 1). Given the behavioral results 
we performed post hoc tests on beta values extracted from 
each whole-brain-corrected ROI to determine if teens 
differed from adults and from children in these regions_ 
When we tested each region to determine whether sig­
nificant variance could be attributed to adolescent-specif­
ic differences in response to fear relative to calm nontar­
gets, two patterns emerged (see fig. 2): (1) adolescent-spe­
cific effects were of greater activity in adolescents 
compared to children or adults on correct threat no-go 
trials relative to calm no-go trials and (2) adolescent­
emergent effects of adolescents and adults activated this 
region more than children on correct threat no-go .trials. 
The left orbitofrontal cortex (LOFC) and medial prefron­
tal cortex (mPFC) showed adolescent-specific effects. AI­
though the striatum showed a similar developmental pat­
tern post hoc tests did not reach significance between age 
groups ( adolescents vs. children: p = 0".09 and adolescents 
vs. adults: p = 0.11). The right inferior frontal gyros 
(RIFG), right anterior cingula_te cortex (RACC) and left 
premotor cortex showed adolescent-emergent effects. 
Our control analysis, equating power across age groups 
and conditions, revealed similar patterns of activity, but 
to a lesser degree given less overall power of the analysis. 
However, the LOFC maintained a robust pattern of activ­
ity across analyses ( adolescents vs. children: t35 = 2. 7 4, p < 
0.01 and adolescents vs. adults: t37 = 2.27, p < 0.03). 

Sex Differences · 
We performed exploratory analyses to test for sex dif­

ferences within the three adolescent-specific findings (i.e. 
false alarm rates and OFC and mPFC activity to threat 
nontargets relative to calm nontargets). These explorato­
ry analyses revealed that males rather than females ap­
peared to be driving the inflection in false alarms to threat 
nontargets during adolescence (fig. 3a). Independent t 
tests revealed that in males, adolescents made more false 
alarms than children (t18 = 2.28, p < 0.04) of adults (t18 ,;, 

2.96, p < 0.009) and showed a similar pattern in the acti­
vation of the OFC, a region implicated in the regulation 
of approach-related behavior (adolescents vs. children: 
t18 = 2.31, p < 0.04; adolescents vs. adults: t18 = 2.39, p < 
0.03; fig. 3b ). 

In contrast, the female age groups did not differ from 
one another in performance ( children vs. adolescents: p = 
0.44 and adolescents vs. adults: p = 0.07) or in OFC activ­
ity (children vs. adolescents: p = 0.19 and adolescents vs. 

Dreyfuss et al 
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Fig. 2. Adolescent-specific and adolescent-emergent brain regions. 
Representative axial images an:d beta weights for those regions 
showing an age effect on correct fear no-go trials relative to calm 
ones from the whole-brain-corrected age (3) xresponse (2) x emo­
tion (2) interaction. L =Left.Adolescent-specific effects on correct 
fear relative to calm no-go trials were found in contrasts between 
adolescents relative to children and adults together in the LOFC 
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(ts,= 2.612, p < 0.012) and left mPFC (ts,= 2.832, p < 0.006) Ad­
olescent-emergent effects were found in activation contrasts in 

1 
children relative to adolescents and adults together on correct fear 
relative to calm no-go trials in the RlFG (t,5 = 2503, p < 0.02), 
RACC (ts,= 2.44, p < 0.02) and left premotor cortex (t55 = 3.658, 
p < 0.001). 

Table 1. RO!s (Talairach) for the interaction of age group x emotion x response type 

193 RIFG 45 32, 17, 18 
104 LOFC 11 -38, 41, -7 
78 LmPFC 9 -8,53,24 
72. Lpremotor 6 -41, 2, 7 
58 Lstriatum -20, 8, -10 
56 L motor/premotor 4,6 -14,-8,63 
51 RACC 32 11, 2, 45 

Results are whole-brain corrected (alpha= 0.05, 47 voxels). L = Left. 
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Fig. 3. Sex Differences in behavior and limbic activity by age group. 
a Difference score in number of false alarms to fear no-go trials 
relative to calm no-go trials by age group and sex. b Beta weights 

adults: p = 0.76). Rather, adolescent females showed 
greater activity in the mPFC, a region implicated in the 
regulation ofavoidance-related behavior (fig. 3c; children 
vs. adolescents t15 = 2.53, p < 0.03 and adolescents vs. 
adults t17 = 2.65, p < 0.02). Males did not differ across age 
groups_ in this region ( children vs. adolescents: p = 0.79 
and adolescents vs. adults: p = 0.26). 

Discussion 

Prior research has focused almost exclusively on how 
incentives and positive social cues lead to impulsive deci­
sions during adolescence to help explain inflections in 

· risk taking and criminal behavior during this period [3, 8, 
25, 39]. The current study exaroio•d the effect of threat 
cues on impulse control and the underlying neural cir­
cuitry in adolescents. We found that just as positive cues 
can lead to more impulsive responses by adolescents rela­
tive to children and adults [3], so too can threat cues. This 
adol_escent-specific inflection in false alarms to threat 
cues was paralleled by marked increases in limbic pre-. 
frontal ( orbitofrontal and medial prefrontal) regions, im­
plicated in regulating emotional and behavioral respons­
es, particularly in the case of threat-related stimuli 

In contrast to the adolescent-specific effects in limbic 
prefrontal regions, prefrontal control circuitry implicated 
in detecting and resolving conflict between two competing 
responses showed an adolescent-emergent pattern [ 40-
42]. Specifically, activity in RIFG and RACC increased 
from childhood to adolescence and then plateaued. These 
findings are consistent with developmental studies show-
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for OFC to correct fear no-go trials relative to calm no-go trials by 
age group and sex. c Beta weights for mPFC to correct fear no-go 

. trials relative to calm no-go trials by age group and sex. L = Left. 

ing that the ability to ignore irrelevant information on cog­
nitive tests like the flanker and go/no-go tasks reaches ma­
turity levels roughly by adolescence [16, 41, 43-45]. 

The difficulty of adolescents in suppressing attention 
and actions specifically toward negativelyvalenced inf or-

. mation in the current study is a pattern that is emerging 
in the developmental literature [15, 16]. This dimioish.ed 
performance in adolescents is not observed in tasks de­
manding suppression of attention or actions toward neu­
tral information [3;16]. One explanation for the results 
reported here may be a failure of adolescents to withhold 
responses to any emotional stimuli [ 41 J. However, recent 
work suggests that the actions of adolescents may be dis­
rupted more easily by negative than positive emotional 
information [15] and differential patterns of activity have 
be~n shown for positive and negative emotional stimuli 
[3, 30]. Together these findings suggest that changes in 
behavior and limbic circuitry during adolescence coin­
cide with a heightened sensitivity to emotional cues that 
may cause them to impulsively react rather than retreat 
from cues of potential threat 

Theoretical and empirical accounts for thi., diminish.ed 
performance during adolescence fall along two lines of ev­
idence. The first is evidence of regional brain development 
with lateral PFC continuing to reach structural and func­
tional maturity throughout the adolescent years [3, 23] and 

. the connections between subcortical and cortical struc­
tures continuing to strengthen [46, 47]. Given the role of 
the lateral PFC in the regulation of behavior, immature 
connections between it and limbic structures might reduce 
the capacity to ~rt cognitive control, particularly in emo­
tionally salient contexts [15, 16]. The second line of evi-
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dence comes from neuroendocrinology studies, showing 
an influx of hormones during puberty thought to sensitize 
functional properties of certain brain circuits [19, 48, 49], 
potentially resulting in adolescent-specific enhanced sig­
naling in limbic regions that are especially sensitive to hor­
monal changes. Thus the heightened recruitment of regu­
latory prefrontal circuitry when successfully suppressing 
attention to emotional cues may suggest an adolescent­
specific hyper-responsiveness to emotional cues that re­
quires greater recruitment of regulatory regions. Together, 
these observations suggest that diminished regtilation of 
sensitized limbic circuits may heighten the detection of, 
and response to, salient. social cues during adolescence, 
even when irrelevant for goal-directed behavior. 

An elevated sensitivity or reaction to threat cues dur­
ing adolescence may have important implications for un­
derstanding risky or criminal-related behaviors under a 
heightened sense of threat These behaviors have been re-

. ported to be higher in males than females [50-52]. So how 
might the adolescent-specific behavioral and imaging 
findings relate to sex differences observed in real world 
behavior? Although there was no main effect of, or inter­
action with, sex in the 2-factor ANOVA, exploratory inde­
pendent t tests revealed that males rather than females ap­
peared to be driving the inflection in false alarms to threat 
cues during adolescence. Specifically, male adolescents 
made more false alarms than either male children or adults 
and showed a parallel increased activation pattern in the 
OFCwhen successfully inhibiting a response, a region im­
plicated in the regulation of approach-related behavior. In 
contrast, female adolescents did not significantly differ 
from female children or adults in their performance or in 
activity in this region. Rather, they showed greater activity 
in the mPFC, a region implicated in regulation of avoid­
ance-related behavior. Adolescent males did not signifi­
cantly differ from children or adults in this region. These 
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exploratory results suggest a possible double dissociation 
between adolescent males and females in cortical limbic ; 
activity related to impulsively reacting and retreating from · 
cues of potential threat, respectively. that warrants further 
investigation in a larger sample. In addition, a number of 
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The present study demonstrates that impulsive behav­
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of threat as reward cues. We show that rather than re­
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cents are more like).y than children or adults to impul­
sively react to them, even when instructed not to respond. 
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puts and in the subsequent regulation of responses to 
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tioµs for conditions in which adolescents impulsively re- : 
act and put themselves and others in harm's way. 
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Summazy of Adolescent Developmental Science in re Juvenile Llfe Without Parole 

Daniel P. Keating, Ph.D. 
University of Michigan · · 

In a series of US Supreme Court decisions, evidence from the developmental 

science of adolescence, including developmental neuroscience, has been cited in support 

of decisions elimirniting capital punishment for juveniles and restricting the use of 
: -, 

mandatory sentencing to life without parole for juveniles. This summary is intended to 

provide a brief descriptive overview of the developmental science cited in those 

decisions, and of the continuing scientific progress in the relevant fields of research.• 

The overview covers six topics: immaturity of the prefrontal cortex and executive · 
. . 

functions; the elevation of socioemotional and incentive systems; the developmental 

maturity mismatch between those two brain systems; the implications of current 

research for the prospects of rehabilitation among juvenile offenders; the issue of age 

cutoffs; and a note on scientific methodology. 

= Tm maturity of Prefrontal Cortex (PFC) and Executive Funct;ion (EF) 

o Executive Function,judgment, and decision maki.ng. The prefrontal carte:)/: of the 

brain (the PFC) has long been understood to have the principal function of 

carrying out what are known as the "executive functions" (EF). These included 

basic functions such as working memory and planning, as well as the direction of 

cognitive resources (known as "effortful control") and, especially relevant here, 

impulse control (also known as the "inhibition of prepotent responses") and 

1 A recent summary of the developmental science used in Thompson v. Oklahoma (1988), Roper 
v. Simmons (2005), Graham v. Florida (2010), and Miller v. Alabama (2012) can be found in L. 
D. Steinberg, (2013): The influence of neuroscience on US Supreme Court aecisions about 
adolescents' criminal culpability, NaturejNeicroscience, 14, pp. 513-518. This summary draws 
on that and its citations, along with other publications, including: Keating, D. P. (2012). 
Cognitive and brain development, Enfance, 3, 267-279; Keating, D. P. (2914). Adolescent 
thinking in action: Minds in the making. In J; Brooks-Gunn, R M. Lerner, A. C. Petersen, & R 
K. Silbereisen (Eds.), The developmental science of adolescence: History through 
autobiograpT:zy. NY: Psychology Press. (Pp. 257-266). 
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decision-making in complex situa,tions. The PFC is known to begin developing in 

early childhood and to continue that development through the childhood, 

adolescent, and_ early adult years, showing full adult maturity in the early to mid­

. 2os.2 It is the functioning, and especially its immaturity, that is referenced in 

discussions of suboptimal adolescent judgment, especially in complex decision­

making contexts that include competing demands. Another key aspect of the PFC 

is that it has limited capacity. When fully engaged in one task involving effortful 

control, it has limited or no capacity to undertake additional tasks that require 

judgment. This has two implications: (1) having embarked on a plan to 

undertake a risky behavior, t4e execution of that plan may use up available PFC 

resources, compromising the individual's ability to adjust behavior when 

circumstances warrant; (2) engagement with other activities that demand PFC 

resources, such as maintaining status among peers, may make the limited PFC 

resource unavailable. 

o Governance of other brain systems. Iii. addition to the EF developments just · 

described,- the PFC shows development in a related function, the governance of 

other brain systems. This. is also a gradual series of developments, as peripheral 

systems are brought more fully under the direction of the PFC. (This is the basis 

of the colloquial designation of the PFC and its projections to other brain regions 

as the "top brain.") ·It is not until the early to mid-2os that the ability to delegate · 

tasks efficiently to other brain systems, relieving the PFC of its role to maintain 

effortful control and freeing up PFC space for other demands. 

• Elevation of Socioemotional and Incentive Systems 

o Incentive systems: Beginning in early to mid-adolescence, there is a sharp 

increase in what are termed "incentive systems" that entail complex neural 

circuitry, including emotional arousal (associated most strongly with the 

amygdala), sensation seeking (mediated by activity in the ventral striatum), and 

the heightened experience of rewards (mediated by a sharp increase in dopamine 

• This is found in research on the structure of neural circuitry, in neurniroaging in active 
performance situations, and in cognitive and behavioral evidence. The last section of this 
overview provides a brief description of the scientific methods used in the research descnbed 
here and thrm1ghout the summary. 
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receptors) - a coordinated limbic system often referred to colloquially"as the 

"bottom brain". These developments also coincides with (and may be partially 

explained by) significant changes in the hormonal balance associated with 

pubertal shifts; principally as an activation of the HP(]..a:xis (hypothalamic­

pituitary-gonadal) whose endpoint is the production of the steroids testosterone 

a.nd estrogen (among others). These developments are observed behaviorally and 

cognitively as a.significant increase in exploratory and sensation seeking 

_behaviors during this same period of development when the goyerning 

capabilities of the PFC are limited (a mismatch described further below). 

o Benefits over risks. There is substantial evidence that the factors above lead 

adolescents to focus more heavily on the benefits of risky behavior than on the 

possible negative consequences of their actions. This is not because adolescents 

are incapable of understanding or evaluating possible consequences of risky 

behavior, which under conditions of "cold cognition" (where nothing arousing or 

· . incentivizing is activated) is roughly the same as adults. Rather, they value the 

potential benefits of the behavior more highly than adults, altering the 

risk/benefit ratio in favor of undertaking unwise risks. 

o Peer susceptibility. Among the most incentivizing and _arousing contexts for 

adolescent risk behavior is the susceptibility to peers, sometimes in response to . 

pressure (to maintain social status}but also because of the rewards (both 

behavioral and brain-activated) associated with peer influence .. Under 

experimental conditions of peer presence, different neural circ;uits are activated 

than when performing a judgment task on one's own. In combination with the 

limited PFC capabilities noted above, the impact of peers is substantially higher 

for adolescents than for adults. 

• Developmental Maturity Mismatch. (DMM) (dual process models) 

o Divergent developmental pathways: The developmental pathways of the "top" 

and "bottom" brain diverge; with the limbic system advancing rapidly from early 

adolescence while the prefrontal system continues to grow, but at a slower pace, 

not reaching adult levels until the mid-2os. The term used to descn"be this is a 

"developmental maturity mismatch" (DMM), with significant consequences for 
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the levels of all kinds of risk behaviors during the adolescent period. A schematic 
, . figure illustrates this3 

-Cognitive control:;ystem 
-Socioernationsl incem:ive-

proc:esss19•>-stem 

g 101112131415161713l920Z1222S24 

Age(year.:} 

The behavioral and cognitive evidence converges with the developmental 

neuroscience evidence here, with highly similar age-risk behavior profiles for a 

number of areas, including crime (the age-crime curve), accidental injuries, 
. . 

serious driving mishaps, and so on. All show peaks by mid-adolescence, with 

gradual drop-offs until an asymptote in the mid-2os or so. 

o Dual process models: The DM:M is one version.of a more general finding, known 

as dual process models. The r~earch here is that wj:J.en performing a complex 

decision making task, there are two systems functioning. One ~ a rational, 

judgment based system that takes considerable cognitive effort. The second is a 

more automatic, "intuitive", non-analyzed system that is. accessed more often 

(because it requires less time and energy). This occurs for automated tasks . 

(especially in domains where expertise is high) but also for "hot" cognition where 

there are competing demands - for example, from arousal and incentive systems. 

• Rehabilitative Prospects 

In addition to mitigation of sanctions owing to diminished culpability by reason of 

developmental immaturity, another implication of the developmental neuroscience 

evidence is that there are increased prospects for change among juveniles. This is 

supported by the evidence above that major changes continue during this period. In 

3 This version is from Steinberg (2013, see fn 1), although it has appeared in several publications. 
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addition, there is very substantial evidence for neural plasticity by way of "synaptic 

pruning." Simply put, neural circuitry is shaped by the individual's experiences, such 

that the resulting mature circuitry is not settled until the mid-2os. (Some plasticity . . 
continues throughout life, but never again as strongly as in adolescence.) This potential 

for positive change was noted as a significant factor in recent Supreme Court decisions. 

• Age Cutoffs 

The-evidence above, and additional developmental science evidence, point to the 

difficulty of identifying strict age cutoffs for various levels of maturity or for resolution 

of the DMM. The evidence does support the view that full maturity on average is likely 

to occur by the mid-2os. Clearly, the bright line of 18-years of age is a necessary legal 

definition, as it jibes more readily with common sense views of maturity and resulting 

culpability. But it does not suggest a line of argument that 17 is nearly 18, so the 

evidence does not really apply. 

• Note on Scientific Methodology 

The evidence above is an integration of several kinds of research methodologies, and 

it is useful to understap.d the sources of evidence. 

o Structural neuroscience·: This refers to evidence on the changing structure of the 

"static" brain, that is, when it is not performing a task. There are several methods 
. . 

for this, but the most prominent currently is diffusion tensor imaging (DTI), 

collected during a session of magnetic resonance imaging (MRI). This allows the 

characterization of the size of yarious parts of the brain, how they differ with age, 

and how they are connected with each other. 

o Functional neuroscience: This assesses how the brain is working while it is 

engaged in a task, most prominently in functional MRI (fMRl) and various forms 

of electrical encepholography (EEG), such as evoked response potential (ERP). 

These use different physical methods (blood flow in fMRI, electrical signals in 

ERP), but they have the same goal, to elucidate the time and location of brain 

activity. 

o Cognitive and behavioral evidence: In addition to the brain imaging evidence 

above, there :µ-e large amounts of behavioral and cognitive evidence that are 

relevant to the DMM, including self-reports of sensation seeking, impulsivity, 
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and risk judgments, among others, as well as perfoqnance on cognitive tasks that 

assess EF, ris~-reward trade-offs, and others. 

o Convergence of findings: With respect to the confidence that is warranted with 

respect to.the findings described above, one of the most important criteria ( used . . . 

in this summary) is to focus on findings where there is a convergence of methods 

across methods and content. Specifically, where the same developmental pattern 

emerges from structural brain imaging, functional brain imaging, cognitive and 

behavioral evidence, and the epidemiology of risk behavior, we can have strong 
. . 

confidence in the major findings. 
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produced mixed results.I73!:I For example, while young adults over eighteen show little impact of 

peers on their decision making on a driving task, !74,t,! they show less delay of gratification (i.e., 
choose immediate smaller rewards over delayed larger rewards) when they believe a peer is 
observing them. !1si1:! Yet, they show better overall performance on gambling tasks in the presence 

of peers. ! 76!:! Thus, sensitivity to peers in young adulthood may share both overlapping and distinct 
effects to those observed in teens. This work highlights the importance of contextual influences, such 
as social and emotional arousal, on the development of behavior and brain function that may be 
particularly relevant for evaluating appropriate age cutoffs. 

In an effort to address aspects of these questions, members of the MacArthur Research Network on 
Law and Neuroscience examined cognitive capacity in emotionally charged and emotionally benign 
situations in young adults. !77:!.! We focused specially on eighteen-to twenty-one-year-olds relative to 
younger (thirteen to seventeen) and older (twenty-two to twenty-five) ages. To discern specific 
emotional contexts that may impact cognitive control differently across development, we examined 
the impact of both brief and prolonged emotional states and of both positive and negative valence on 
cognitive control. Our premise was that these emotional contexts may relate more to emotionally 
charged situations relevant for legal policy judgments, such as those related to [*786] criminal 
responsibility, accountability, and public safety, than to emotionally benign situations. 

We tested whether young adults would behave more similarly to adolescents (thirteen to seventeen) 
or adults (over twenty-one) in these emotionally laden contexts. Second, we tested whether 
prefrontal activity would differentiate performance levels between young adults from adults. In 

·· -contrast, we predicted few differences in cognitive capacity between young adults and teens or adults 
in nonemotional situations. We used social cues of emotional expressions (smiling, fearful, neutral) as 
cues to assess the effects of brief emotional triggers on cognitive control. To assess prolonged 
emotional states on cognitive control, participants performed the cognitive control task while 
anticipating a negative event (loud aversive noise), positive event (winning up to $ 100), or no event. 
These emotional events were unpredictable in an attempt to elicit sustained states of anticipation and 
did not relate to the individual's performance. 

Our findings show that, relative to adults over twenty-one, young adults show diminished cognitive 
capacity, similar to that of adolescents, under brief and prolonged negative emotional arousal l1s.t.l 
(see Figure 5). This behavioral pattern was paralleled by less adultlike recruitment of prefrontal 
circuitry in teens and young adults, consistent with relatively protracted development of the prefrontal 
cortex into the early twenties.I79.t.l In contrast, young adults' performance did not differ significantly 
from either teens or adults in nonemotional situations. Positive emotional arousal impacted teens 
more than either young adults or adults, underscoring the point that developmentally informed age 
lines may differ from one context to another. 

Figure 5. Young Adults, Like Teens, Have Poorer Cognitive Control and Less Prefrontal Activity to 
Threat Cues than Adults. (Cohen et al. in press) 

[*787] Taken together, the findings suggest that young adulthood is a developmental period when 
cognitive capacity is still vulnerable to negative emotional infiuences. This diminished capacity is 
paralleled by immature engagement of prefrontal regions that are important for overriding 
emotionally triggered actions. The results are consistent with prior research implicating the 
importance of prefrontal control circuitry in regulating emotions. !so,t,I Although these findings may 
be relevant for evaluating appropriate age cutoffs relevant to policy judgments relating to risk-taking, 
accountability, and punishment, they are presumably less relevant for setting minimum ages for 
voting or making medical decisions. 

Conclusions: How Can Developmental Science Inform Policy? 

We began by asking whether social practices and expectations about "adulthood" had informed laws 
and policies that define the rights and responsibilities of adulthood, and whether age boundaries 
drawn by these policies and laws reflect emerging scientific understanding of human development. If 
we focus solely on state policies governing the minimum age for adult prosecution of young people in 
the United States, we would have to reply "no" to both questions. Nearly half the states have no 
minimum age for trying a child as an adult and, among those that do, fourteen is the most common 
age. Moreover, many jurisdictions automatically transfer children to the adult system even though 
prosecuting teenagers In criminal courts does not deter offending ls1.t.l but rather increases 

recidivism. ls2.t.lThese findings have spurred reforms to keep more adolescents in juvenile courts by 
raising the age for transfer and by repealing mandatory transfers in favor of individualized decisions 
by juvenile court judges. More recently, reformers are also making the case for a rehabilitative, 
developmentally informed approach to young adult offenders eighteen to twenty-one, recognizing that 
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there is no developmentally informed magical line of demarcation at eighteen. What should the age of 
eligibility be under young offender sentencing statutes? When should a "youth discount" be 
exhausted? These remain open questions. 

[*788] The developmental science referenced in U.S. Supreme Court decisions regarding treatment 
of juvenile versus adult offenders over the past decade acknowledges immature cognitive capacity in 
juveniles as a mitigating factor in judgments of criminal culpability. lB3*I Scientific research has 
demonstrated that adolescents show heightened sensitivity to peer influences, rewards, and threats, 
potentially rendering them more vulnerable to making poor decisions in these situations. lB4*1 
Minimum legal ages have been imposed largely to protect young people from these vulnerabilities. 
Recent findings on young adults suggest that these same vulnerabilities affect young adults. Studies 
that fail to focus on emotional influences on cognitive capacity are likely underestimating 
developmental similarities between adolescents and young adults that have the most bearing on 
social and legal policies relating to risk-taking and accountability. 

These findings of diminished cognitive capacity in negative emotional contexts in young adults 
reinforce and extend the developmental logic of reforms of the juvenile justice system already 
underway. Previous research on the diminished capacities of adolescents in self-control in emotionally 
laden contexts has supported arguments for raising the minimum age of criminal court jurisdiction to 
sixteen, keeping youth under eighteen in the juvenile court, and mitigating their punishment in 
criminal court. These new findings provide empirical support for extending the juvenile court's 
dispositional age to twenty-one or older and for reconsideration of sentencing statutes for young adult 
offenders. This work does not suggest that young people should not be held accountable for their 
actions, but rather that the boundaries of juvenile court jurisdiction and criminal court sentencing and . 
punishment should be informed by developmental considerations. 
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