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Scientific evidence has emerged over the past three decades that shows unequivocally that there
are continued changes in behavior and brain over the life span, especially during the prolonged
period of adolescence that extends into the twenties.

The Timeline of Human Brain Development

Advances in MRI-based, noninvasive brain imaging techniques over the past three decades
have led to an explosion of research charting the development of the human brain from
childhood to adulthood. Prior to the widespread use of brain imaging for research in the 1990s,
little was known about the extension of human brain development well into the 20s (and
beyond), and how consequential this late brain development is for shaping experience- and age-
related changes in thoughts, feelings, and behaviors. In the years since these early studies,
hundreds of studies have accumulated focused on human brain development, and they converge
on the conclusion that brain development continues well beyond the age of 18, the legal age of
adulthood in the United States.!>? In recognition of the emerging consensus among scientists in
the field, the American Psychological Association published a resolution on August 3, 2022
reflecting the consensus that brain development continues beyond age 18 years.* Moreover, the

definition of adolescence is being reconsidered based on evidence of continued changes in brain,
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neurocognitive, social and physical development that extends from 10 to 24 years.> This period is
characterized by periods of rapid, active change in the brain, followed by a slow “tapering” of
change and eventual plateau.® Many expert organizations like the World Health Organization
already refer to young people (adolescents and young adults) as encompassing individuals 10-24
years and the United Nations has coined a new designation of “youth” for individuals 15-24
years in recognition that they share many still-developing attributes.’

MRI-based measures can assess the development of gray matter (the size of the brain’s
major structures),® white matter (the fiber bundles that represent communication pathways that
link up distant brain regions),’ brain function (the degree to which collections of brain regions
react to a presented cue),'? and brain connectivity (how brain regions coordinate their function,
which is a signal of more efficient and sophisticated brain organization).!! These measures can
be computed for the brain as a whole, or for each of the four lobes of the brain (occipital,
parietal, temporal, frontal). Figure 1 on the next page, published in the journal Neuron® and
discussed in the New York Times,'? shows the age at which indices of brain development, based
on group data, reach a developmental “plateau” (gray dots); as can be seen, across many brain
regions (down the vertical axis) and across multiple measures (colored lines), most measures of
brain development continue well into the twenties or even beyond. These measures show that
brain development tapers off over a wide range of timelines, making it hard to pinpoint an exact
age the average brain is “mature” - but every one of the measures continue to show change
beyond the age of 18 years, with the majority of measures (five of the seven) showing a pattern
of active development into the twenties. Importantly, across the measures, the frontal cortex that
is implicated in impulse control, decision making and self regulation, consistently shows the

latest development.
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Figure 1: Average ages of developmental plateau (indicating stabilization) for connectivity and
structural data from Somerville®. Resting-state functional connectivity (rsfMRI) data from

Dosenbach et al.'! and the other measures reflect data reported in Tamnes et al.’>.

Behavioral Changes during Adolescence are consistent with observed Brain Changes

The brain has the potential for change throughout the life course but especially during the
first few decades of life which has significant consequences for psychological development,
namely in decision making, impulse control and emotional regulation. As highlighted in the APA
resolution, the field consensus is that in many domains of functioning, individuals older than 18
(to at least age 20 years, per APA resolution) as a class are not meaningfully distinguishable
from 17 year olds. 111415

Next, we focus on the known interrelations between brain development and psychological
characteristics that are relevant to criminal activity: a) a tendency to engage in risky decision
making in youth; b) future oriented decisions and planning; and c) susceptibility to emotionally

charged situations.
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Orientation toward risky decision making. Individuals in their late teens and early twenties
exhibit a host of behaviors consistent with a drive toward risk-taking. The state of psychological
development in the late teens and early twenties temporarily orients individuals toward making
riskier decisions. Although this is not necessarily true for every youth, it is characteristic of them
on average, when compared against other age groups.

One psychological factor that shapes an individual’s willingness to engage in risks is their
level of sensation seeking, which is defined as, “the tendency to seek out novel, varied, and
highly stimulating experiences, and the willingness to take risks in order to attain them.”!®
Laurence Steinberg, a psychologist and leading expert on development in the late teens and early
twenties, quantified sensation seeking in over 5,000 people aged 10-30 years across the world
and found that sensation seeking varies greatly with age.!” It rises in the teenage years, peaks
around age 19-20 years, and remains elevated well into the mid-twenties before it declines to low
levels (see Figure 2). These findings on the development of sensation seeking parallel peak
changes in the late teens and early twenties in brain activity when winning versus losing on a
gambling task, based on data from a large longitudinal sample.'® Together these findings show a
heightened inclination for risk taking and sensation seeking that extends into the early to mid-

twenties.
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Figure 2: Average sensation seeking for individuals aged 10-30 shown in Steinberg et al.'’. The

bold line indicates the average levels of sensation seeking over this age range, with higher
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values indicating greater endorsement. Note: There is a peak in sensation seeking around age 19
years (gray bar), but the window of elevated sensation seeking extends well into the twenties,

compared against individuals in the upper twenties.

Development of the skills that support planning and decision making. There is scientific
research showing that cognitive skills that form the basis of our decisions and actions continue to
develop into the mid-twenties. This collection of skills is often described as “executive
functioning” and includes subcomponents such as inhibitory control and planning (consideration
of long-term consequences of action). While simple, self-paced, nonarousing cognitive tasks may
show adultlike patterns of performance by the early to mid-teens,!*2° tasks that require strategic
behaviors and decision-making under demanding conditions show steady improvements in
executive functioning well into the twenties. Importantly, the development of a region of the
brain called the prefrontal cortex and its connections with other brain networks facilitates
improved executive functioning with age into young adulthood.?!

One component of executive functioning is impulse control, which can be defined as the
ability to plan and consider the consequences of our behaviors before acting. Engaging in many
forms of criminal behavior is thought to emerge from acting on impulse (i.e., low impulse
control). A large collection of research studies indicates that youth tend to act on impulse to a
greater degree than adults especially in emotionally charged situations. Research has shown that
the tendency to engage in impulsive behaviors wanes in the mid-to-late twenties. For example, a
study examining impulsive, short-sighted decision-making in individuals ranging in age from 11-
31 years found that impulsive behavior continues to decline throughout the twenties, and this
age-related decline is associated with the functioning of brain systems important for choosing
how to act.?

Individuals also can control their momentary impulses by planning and anticipating the
consequences of their actions. For actions that may result in negative long-term consequences,

individuals would benefit from controlling any impulses to act “in the moment”. This is
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measurable in psychological tests and experimental tasks. Steinberg and colleagues have used
these tests to characterize age-related improvements in considering the long term consequences
of actions (along with several related factors) in over 900 individuals ranging in age from 10-30
years.?? They found that planning ahead before acting is continuing to improve during the 22-25
age range; it had not yet reached the level of older individuals aged 26-30 years.

This finding is in line with complementary research regarding the personality trait of
conscientiousness, which refers to the planfulness and care people take in orchestrating their
everyday behaviors.?* Individuals with high conscientiousness tend to be dependable, orderly,
planful, and efficient whereas individuals with low conscientiousness tend to be disorganized,
careless, and lack self-discipline.?* On average, conscientiousness continues to develop and grow
into the thirties,? resulting in increasing planfulness and dependability with age by contrast to

relatively lower scores in people younger than thirty.

Susceptibility to emotionally charged situations. Generally speaking, situations involving
heightened arousal, excitement, or negative or positive emotional states can provoke
impulsivity?® and suboptimal decision making.?” For youth, on average it is more challenging to
keep one’s own behavior in line with one’s goals during these types of emotionally-charged
situations than it is for adults.?®?° As we mature, we become more capable of behaving
consistently in emotionally and non-emotionally charged situations (i.e., psychosocial maturity).
Research has shown that emotional cues can be disruptive to individuals in their early-to-
mid twenties, similar to the ways in which they are disruptive in younger adolescents.
Responding to emotional cues or cues that signal potential threat or reward (compared to neutral

cues) can slow down information processing, indicating the emotional content has interfered
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with an individual’s behavior.?° Bos and colleagues showed that this emotional influence on
behavior continues into the mid-twenties and is reflected in both compromised accuracy and less
consistent responses when emotionally laden cues are present.’!

These behavioral results are in line with complementary research demonstrating that the
personality trait of emotional maturity continues to develop well into early adulthood and is still
changing in the early twenties.3> Although historically, personality was assumed to develop
early in life, personality traits, like brain and behavior, show continued development that extends
into the twenties.

Psychosocial maturity is the capacity to maintain self-restraint, especially in emotionally-
arousing contexts. It can be measured in individuals across a wide age range using validated
questionnaires. Icenogle and colleagues conducted a worldwide study of when psychosocial
maturity emerges in over 5,000 individuals.’® They found that psychosocial maturity increases
with age, and there are continued age-related increases throughout the twenties (see Figure 3 on
next page). Adolescents show more psychosocial maturity than childhood, but there are also
substantial gains throughout the twenties as can be seen in the upward sloping trajectory below
that continues to rise from the early to mid to late twenties. These findings parallel continued

brain development into the twenties (e.g.,**).
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Figure 3: From Icenogle et al.’> Average psychosocial maturity for individuals aged 10-30
vears. The bold line indicates the average change over this age range in psychosocial maturity,
with greater values indicating higher endorsement. Note: There is substantial change through

the twenties with continued improvements from age 22-25 years compared to age 26-30 years.

Changes in criminal behavior parallel changes in brain and behavior with development

The studies above focus on transient changes in behavior during adolescence in typically
developing populations. However, just as risk taking, impulsivity and susceptibility to negative
influences decrease with age throughout adolescence and young adulthood, so too is there a
decrease in criminal behavior. In fact, one of the longest-standing, most reliable patterns in
criminology is the age crime curve depicted in Figure 4 showing that the vast majority of
adolescents who commit crime eventually desist from such activity as they mature into
adulthood. This pattern shows that criminal behavior peaks around 18 years of age, with a sharp

decline particularly evident for violent crimes throughout the early to mid 20s.
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Figure 4: Age—crime curve depicting rate of violent and property crime per 100,000 persons as a
function of age. The gray box indicates a new definition of adolescence based on evidence of
continued neurocognitive changes from 10 to 24 years’. Figure from Casey and colleagues®’ and
based on publicly available data from the Bureau of Justice Statistics.3%

Although historically, criminal behavior and associated callous unemotional/psychopathic
traits have been described as stable, emerging evidence shows change in the developmental
course of these traits. For example, in more than 1,000 boys followed from childhood to
adulthood, the majority of the boys who initially had high levels of psychopathic traits, showed
decreases in these traits with development and no longer presented with psychopathic traits in
adulthood.?” These findings are consistent with a prior study examining the trajectories of
callous-unemotional traits in a similarly large but independent sample of 1,170 justice-involved
adolescent males.*® Three groups of youth were identified as having low (27%), moderate (57%),
and high (16%) levels of callous-unemotional traits. Youth in moderate callous-unemotional trait
trajectories showed significant decreases in callous-unemotional traits from 16 to 24 years.
Together, these studies indicate that callous-unemotional/psychopathic traits decrease with age in

the majority of youth.
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Promising interventions are emerging for justice-involved youth with callous-
unemotional/psychopathic traits. One promising intervention is from the Mendota Juvenile
Treatment Center*® and includes reward oriented toward specific goal behavior, empathy skill
development, and ways to appeal to the self-interests of the incarcerated adolescents (youth-
centered). Youth in this program were assessed over 2 to 6.5 years after being released from
custody. The treatment condition was associated with reduced post-release recidivism relative to
a comparison treatment condition (Figure 5). Importantly, both youth with low and high levels of
psychopathic traits showed reduced recidivism. These findings suggest that it is inappropriate to
say that these youth are “treatment resistant” or even less responsive to treatment, but rather it is
more a problem of getting the right treatment.*® Together, the findings suggest that extreme
criminal behaviors and traits decrease with age from adolescence into adulthood but even more

so with effective treatments.
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Figure 5: Treatment-related changes in violent offenses in adolescent offenders with low and
high antisocial traits. The effect of the treatment was evident in youth with both high and low
levels of antisocial traits, but especially so for high antisocial traits (black bars). Adapted from
Caldwell (2011)%.
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Summary

While research in this field remains ongoing, there is now a consensus that brain and behavioral
development continues well into a person’s twenties. This ongoing brain development parallels
observed propensities for risky decision making, more short-sighted and impulsive actions, and
heightened susceptibility to emotionally charged situations. We also see continued development
in important personality traits related to self-regulation including consciousness and emotion
regulation. Finally, emerging evidence shows similar changes with age in youth engaged in
extreme behaviors with the majority of youth who engage in antisocial behavior showing a

decline in criminal behavior with age; with targeted interventions, this decline is even greater.

11





