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Summary
• With increasing frequency, there are discordances between biology, social and physical
environments (often termed ‘mismatch’) with repercussions across the life course.
• Social evolution has intensified in recent decades and has had a particularly strong
impact on human health via substantial changes in family and social structure, lifestyle,
nutrition and physical activity, and in human interactions via increasingly complex
social environments.
• Transitions during the life course are particularly sensitive periods wherein this
mismatch may be observed to have long term consequences. Adolescence itself as a
transition period from childhood to adulthood has become prolonged relative to recent
recorded history, and both expected and observed behaviours have subsequently
changed as well.
• Strongly supported by experimental and observational physiological, neurological
and sociological data, this prolongation of physical and social development has both
positive and negative consequences for an individual.
• However, society is ill-equipped to mitigate the negative effects of these changes,
resulting in increased observations of antisocial behaviour on a large scale.
• Recent studies suggest that events in the early life period most strongly influence later
life health, behaviour and functionality, all of which influence social and physical health
and economic productivity on both an individual and a population scale.
• Investments in early life that target both cognitive and non-cognitive skill formation have
seen substantial economic rewards, but it is increasingly observed that non-cognitive
skills have a broader impact on social adaptation and positive social outcomes.
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• Later interventions as discussed elsewhere in this volume are also effective, but there
are considerable data to suggest that prevention has broader effectiveness than
remediation.

1. Introduction: a life course perspective
All mammals, including humans, have distinct phases to their lives. Some such as the
transition from being a fetus to being a newborn are abrupt; others such as the transition
from being a child to being an adult are gradual. The human life course comprises the fetal
period, infancy, childhood, a pre-pubertal juvenile period, adolescence, adulthood and
senescence, and generally extends in modern times over 7 to 8 decades. The transition
from being pre-reproductive to being reproductively competent – that is, the process of
puberty – starts some years after birth, and while males stay reproductively competent
for the whole of their lives, women cease to be able to conceive at or prior to menopause.
This slow life course with a long prepubertal period is distinct to the human and several
other long-living species which have relatively few offspring (compared to other mammals)
who receive a high parental investment over many years after birth [1]. The pre-pubertal
juvenile period is essentially unique to humans [2], and refers to that period after about
the age of 7 years when independent living is possible but does not occur; this phase is
generally accepted as having evolved to allow humans to achieve greater cognitive skills
before entering puberty, given the essential role of learning in our species.
Humans are, of course, more than their evolved biological componentry. We live within
social networks and in social contexts, and this social environment – which has its evolved
basis – creates, and merges with, the physical environment to interact with our biology
and make us what we are. But arguably we are organisms that, more than other mammals,
rely on learning and past experience to influence both our individual and social behaviour.
Recent research extends this paradigm considerably: past experience influences not only
our behaviour through learning, but both our biology and our behaviour through chemical
changes in the way our genes our controlled – a process termed epigenetics. This leads to
long-lived (effectively permanent, although putatively reversible) changes in the way both
our brain and other aspects of our biological systems respond [3, 4]. It is this information
that leads to the crucial understanding that events in any one part of the life course can
have important influences on how subsequent parts of our life course play out. We know,
for example, that events before birth can have life-long consequences that manifest as a
greater risk of heart disease or diabetes in adulthood [5]. And increasingly we recognise
that events before birth, in infancy and in childhood have major influences on how the
transition from child to adult – that is through puberty and adolescence – plays out [6].
Indeed, two long-running New Zealand studies based in Dunedin and Christchurch have
been instrumental in establishing such influences (for example, [7, 8]). A major thrust of
other chapters in this report is to highlight that, because of the critical importance of early
life developmental factors, it is inevitable that if the transition through adolescence is to
be improved, greater attention must be given to earlier stages in the life cycle.
It is self-evident that the human condition at any point in the life cycle is a result of genetic
biology, developmental biology, learning, past and current environments and culture
(in its broadest definition) interplaying with each other. Yet, because different academic
disciplines have been focused on particular components which are well separated in their
academic traditions, it is only recently that a greater integrated understanding of these
interactions has emerged. These differences have been most pronounced in the artificial
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but long standing ‘nature’ versus ‘nurture’ debates, where nature is generally used in a
folk-biological sense to mean innate (which itself has multiple meanings [9]) or genetic
and therefore not changeable, and nurture refers to learning and the context of the social
and cultural environments. This has led to simplistic views of what is alterable and what is
not, and to overzealous claims from different academic disciplines which have limited our
understanding of human development. The emergent biologies of life history theory and
epigenetics allow these concepts to be integrated – in effect, they cannot be separated
[10]. Thus when a period of transition in the life course is being considered, such as
puberty/adolescence, there are biological, developmental, social and cultural factors all
at play. This chapter dissects these elements for explanatory purposes but they are of
course intertwined. Evolutionary perspectives integrate these domains and are therefore
a particularly useful heuristic.

2. Puberty
Puberty can be defined as the period in which a juvenile’s previously inactive gonads
(testes in the male; ovaries in the female) become activated, with the ensuing hormonal
changes leading to physical and psychological changes allowing for reproductive
competence. Puberty is not an instant in time; it takes 3 to 5 years to occur. It generally
starts somewhat earlier in girls at between 7 and 12 years of age, and between 8 and
13 years of age in boys. In girls the first signs of puberty are the appearance of breast
buds and then pubic hair. As these develop there is a growth spurt; late in the growth
spurt ovarian action becomes cyclic, the girl starts having periods and she becomes fertile.
In boys the first sign of puberty is the start of testicular enlargement followed by the
development of pubic, armpit and facial hair, a change in the positioning of the larynx
(leading to the voice breaking), the onset of sperm formation and a growth spurt. In both
boys and girls this process leads to changes in body composition, with boys in particular
becoming more muscular. The initiation of puberty is due to changed functions in the
hormone control region of the brain called the hypothalamus, which starts to release a
master control hormone; how this is switched on is poorly understood [11]. The physical
features of puberty are reflected in an increase in sex hormones (primarily testosterone
in boys; estrogen and progesterone in girls) released in the circulation by the activated
gonads. These hormones also affect brain function, affecting the number of connections
in the brain and perhaps the number of brain cells [12]. As a result the progression of
puberty is associated with the development of certain aspects of brain function and, in
particular, the development of psychosexual thoughts which are reflected in the interests
and behaviour of the young person transitioning puberty. There is a presumed relationship
between this psychosexual maturation and the changed way young people socialise and
interact with their peers, and start engaging in attention seeking behaviours in relation to
these peers.
This distinct life course pattern arose through the evolution of the human species. In
evolutionary biological terms, the capacity to reproduce in an appropriate manner at the
appropriate time in the life course is a major driver of what shaped our species. Thus it is
to be expected that puberty, that is the shift to reproductive competence, is influenced
by a number of environmental factors. For example, in modern hunter-gatherer societies
the age of puberty is reduced in societies where the rate of mortality is high [13]. This is
because the biological drive reflected in evolutionary processes is to ensure successful
progeny, which in a risky environment is maximised by reproducing early. Recently Daniel
Nettle’s team has shown that similar drivers operate in Western societies. Extensive
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studies of large UK cohorts showed that the life course is accelerated in those living in
poverty ridden circumstances or those who experienced adverse early life familial events,
where earlier age of puberty, earlier age of reproduction and shorter life span are observed
[14-16]. Similarly, other threatening circumstances (in real or evolutionary terms) such
as low parental supportiveness [17], being born small [18], childhood abuse [19] and
dysfunctional paternal behaviour [20] can accelerate the onset of puberty. It is worth
noting that the latter two studies looked at New Zealand children. Extreme circumstances
such as severe childhood undernutrition, severe stress, and illness (e.g. anorexia nervosa)
can also delay the onset of reproductive competence, and the processes underlying these
occurrences demonstrate biological overrides on the timing of pubertal processes.
The age of onset and completion of puberty in Western populations has markedly declined
over the past 200 years [21]. This is best documented for the female where the age at first
period (menarche) provides an unequivocal time point in maturation. For European girls,
the average age at menarche in the late 18th century was about 17 years; it has fallen
progressively and quite rapidly over the next 150 years, then has continued to fall more
slowly up to the present time, where it is now approximately 12 years of age. There is of
course large variation in individual timing and a mean age of 12 years is associated with
a normative range extending from 11 to 15 years. However, because menarche occurs
relatively late in the progression through puberty, this means that possibly 50% of New
Zealand girls have entered the pubertal process during primary school, and have had their
menarche before they leave intermediate school [22]. Two generations ago, it was rare
for a primary school girl to enter puberty but now an increasing number will have had
menarche at primary school. This is a dramatic change in short time span and highlights
the difficulties of imposing parental and grandparental concepts of maturation onto
the current generation. There are some population differences in the age at menarche
[21], but the extent to which they represent genetic differences or reflect populations
in different stages of the nutritional and socioeconomic transition is unknown. In New
Zealand, Māori and Pasifika girls tend to experience an earlier onset of menarche, with
about 80% menstruating by age 13 compared to 62% of those of European origin; the
disparity at age 11 is particularly concerning, with the number of Māori and Pasifika girls
reporting menarche exceeding that of European girls by about 2.5 to 3.5 times [22].
While changes in the age of puberty are less well documented in the male they appear to
have followed a similar trend of falling considerably over recent generations [23].
The evidence would suggest that this fall in the age of puberty onset – generally termed
the secular trend – arose because of a marked improvement in maternal and infant health
and nutrition since the Enlightenment in Europe at the beginning of the 19th century.
Experimental [24] and epidemiological [25] evidence suggests that the improved state
of maternal nutrition is important, alongside the generally accepted role of improved
infant health and childhood nutrition [6]. Thus the fall in the age of puberty can be seen
as a general reflection of an improvement in maternal and child health. It may be that
excessive obesity in childhood further accelerates the fall in the age of puberty, and given
the increasing rates of childhood obesity in developed societies to alarming proportions
[26], this may be having some additional effect above that of the secular trend. There
is little substantive evidence to suggest that the changing age of puberty in the normal
population is linked to environmental contaminants such as toxins and contraceptive pills
in the water supply, although there have been rare situations such as that of precocious
puberty in Puerto Rican children in the early 1980s, suspected to be caused by inordinate
hormonal use in farmed animals or by mycotoxin contamination of food [27, 28].
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There can be a complex interplay between experiences before and after birth and the age
of puberty. Within the normal population, the earliest ages at menarche are seen in those
who were smallest at birth and who become relatively overweight in childhood [6, 29, 30].
This can be understood in life history terms [6]. Its most dramatic effects are in children
who transition from highly deprived environments early in life to enriched environments
in childhood. A classic example is that of girls from developing countries who are adopted
in infancy to families in Europe [31]; some of these girls may undergo menarche at as early
as 8 years or less and are therefore at considerable disadvantage, both psychosocially and
physically, because menarche presages the end of the growth spurt.
While earlier (but not precocious) puberty is generally a sign of good child health in
Western society, the problem is that because of the rapid fall in the age of puberty, there
is an increasing mismatch which those aspects of maturation which are independent of
sex hormone effects. The perception that an individual looks mature and is advanced in
puberty can lead to inappropriate assumptions about other aspects of their maturity and
behaviour. This presumption can occur both in how others perceive the child and how the
child perceives himself or herself. These issues are addressed in more detail in the next
section.

3. Adolescence
For the purposes of this report, adolescence is defined as the period between the onset of
puberty and the time when the individual is accepted as an adult by the society in which he
or she lives. As such it involves a broader set of considerations including societal, cultural,
behavioural as well as neurobiological aspects in its definition. There are clearly major
biological substrates to progression through adolescence. Some aspects of brain function
mature apparently independently, or at least partially independently, of puberty per se. In
general processes of executive function including impulse control, judgement, evaluation
of risk, reward behaviours and what might be called wisdom are not fully developed by
the time puberty itself is complete, as discussed in the following section. Some aspects
of psychosocial – as opposed to psychosexual – function also mature later although these
probably reflect the executive functions detailed above. Society relies on this cluster of
behaviours to assess when an individual can be accepted as an adult. Because this is
highly variable among individuals, societies have tended to formalise this through legal
ages to define adulthood or maturity. For example the age of legal responsibility, of legal
sexual intercourse, of voting, of ability to leave school, of eligibility to join the military,
of consenting to a medical procedure, of buying alcohol or hiring a car are all defined by
law or regulation – these social milestones vary considerably both within a society and
across rather similar democracies. There is therefore a high degree of ambiguity both for
the individual and for the society in terms of how an adolescent should be evaluated in a
particular situation.
In simple terms, adolescence can be envisaged as a period in which sexual maturation is
occurring or has occurred, with neurobiological consequences promoting sexual thoughts,
and risk and attention seeking behaviours. However depending on the society in which
the individual lives, his or her behaviour, wisdom and judgement may not be seen as fully
mature. The contextual variation of this is obvious across different populations: in simple
societies such as those of traditional hunter-gatherers adolescence may be very short,
particularly for females, whereas in modern Western society adolescence has become
very prolonged.
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Indeed it has been argued that prolonged adolescence is a relatively recent phenomenon
in Western societies. As stated earlier, puberty had much later onset 100 years ago and
for reasons discussed below, most individuals made a rather rapid transition from the
pubertal stage to being an adult. When the age at menarche in a girl was between 16 and
17, there was generally a very short transition to being married or joining the workforce
by the age of 18 to 20, and being accepted as an adult by that society. But now the age of
puberty is much lower and yet, for reasons detailed in the next section, full psychological
maturity is not exhibited in most until well into the third decade of life. This suggests that
adolescence has extended from perhaps 1 to 3 years in length to between 7 and 15 years
in length, with consequences which are at the heart of this report.
This discrepancy has been termed the mismatch of puberty [32], and there are data to
suggest that this is a major driver of adolescent morbidity. For example, in girls where the
timing of completion of puberty can be readily recorded from the age at menarche, earlier
puberty – that is, a greater degree of pubertal mismatch – is associated with a greater
risk of sexual activity, uptake of smoking and drinking, drug experimentation, aggression
and eating disorders [33-35]. The curve of risk rises noticeably when the age at menarche
is below 11 years. In studies of a large Swiss francophone cohort of teenagers subject to
extensive psychological evaluation, earlier puberty was linked to a greater risk of acting
out behaviours, substance abuse, sexual activity, and depression and anxiety in the young
people [36]. In boys this was reflected in a significantly greater risk of attempting suicide.
The study had a limitation in that puberty was not prospectively recorded and given the
different social contexts in which populations operate, more research would be needed
to evaluate whether generalisation of this observation is possible. Regardless, there is no
doubt from the literature that earlier onset of puberty and the delayed age of completion
of adolescence are associated with higher teenage morbidity [6, 37].

4. Brain maturation and adolescence
4.1

Biological maturation of the brain

In recent years, a wealth of neurobiological data have emerged from studies of Western
adolescents suggesting that biological maturation of the brain, as reflected in brain
imaging and functional studies, happens much later in life than was generally believed
[38-41]. Many neuroimaging studies mapping changes in specific regions of the brain have
shown that those regions associated with higher levels of executive function including
task initiation and management, self-image, impulse control, judgement, strategising
pathways and managing strong emotion, only fully mature well into the 20s [42-45].
Adolescents also have different responses within their brain pathways to reward-initiating
stimuli compared to children and adults [46], and this is generally thought to relate to
earlier maturation of striatal reward areas of the brain than fronto-cortical self-regulatory
control regions [47-51]. An alternate and not mutually exclusive explanation is that the
adolescent brain exhibits transient expression of reward-seeking pathways as an inherent
part of the maturation of exploratory life skills [46]. Either way these data highlight the
distinct features of the adolescent brain, which create challenges for society, families
and individuals reflected in the acting out behaviours of adolescence. It explains why the
adolescent is more vulnerable to poor decision making and risk taking behaviour [52] and
is more sensitive to reward inducing stimuli such as peer pressure, drugs and alcohol [47].
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The significance of these neuroimaging data showing late maturation of the brain regions
important for executive functions is supported by behavioural studies of psychosocial
maturity and other socially responsible behavioural traits in adolescents and adults. These
show that ‘maturity of judgement’ measures such as responsibility, perspective (ability to
assess short and long term consequences) and temperance are, on average, fully attained
at about the age of 20 years – much later than was generally thought [53, 54]. Therefore,
adolescents exhibit less psychosocial maturity than adults despite generally having similar
cognitive abilities and being biologically mature.
These findings of asynchronous maturation raise three explanatory possibilities. Firstly,
executive brain function has always taken a long time to mature but the late maturing
components were not critical to normative behaviours in more simple societies. Secondly,
we live in a more complex society than that in which we evolved to live, and as a result it
takes longer to accumulate the full range of social skills to operate as a productive member
of society. Thirdly, both modern society and the way children are bought up earlier in the
life course have changed the manner in which the brain matures. In part this may also
reflect the attitudes we bring to bear on young people – that is, our willingness, or lack
thereof, to accept that they have reached the age of maturity. The interplay between how
we respond to young people and the way their brains and behaviours mature is poorly
understood. These are not mutually exclusive explanations and can be distilled to two
factors: we live in immeasurably more complex societies than those in which we evolved
[32], and we may be changing the way the brain matures as a result of educational and
child rearing practices which have emerged in recent decades.

4.2

Societal and cultural influences

There are academic arguments to support each of these explanations, but formal
evaluation remains to be undertaken. Several possible societal and cultural changes need
to be considered in this context. Firstly, 50 years ago primary school children had relative
freedom outside school and undertook considerable independent and unsupervised play
activity. Now parental attitudes of care and risk avoidance, and the shift of more women
into the workforce, have meant most young children live more regimented lives. In contrast,
adolescents previously had limited choices within the school system and their social
activities were more regulated and limited. Now, they have a very broad range of choices
and parents may tend to feel that they have relatively little control on the boundaries of
behaviours that they exhibit. Access to money is very different for the modern adolescent;
it equates to more freedom from the parent. This is not just a sociological issue – is it
that the switch in rearing practices from a loose-to-tight progression to a tight-to-loose
progression has changed the learning experiences that influence the maturation of
executive function and its biological substrate in the brain?
Secondly, the human brain largely evolved in the Pleistocene period when humans lived
in much simpler societies, generally in clan groups estimated to be between 50 and 150
people in size, with simple social and hierarchal structures [55]. Studies in primates of
the part of the brain associated with higher function – the neocortex – show a tight
correlation between normative social group size in that species and neocortical size. If
humans are fitted on this relationship it suggests that we evolved to live in social networks
of about 100–150 people, and Robin Dunbar has listed a number of social units which
demonstrate that until recently this was indeed the way humans organised themselves
[55]. But it is self-evident that in the modern connected world we live in expanded
networks; we interact with far more than 150 people and even if much of that interaction
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is telephonic or electronic it is still meaningful. This applies particularly to young people,
who are fundamentally changing the shape of their social networks more rapidly than
others through the use of the internet and social networks such as Twitter and Facebook.
The concept of ‘Facebook friends’ means that young people are sharing the intimacy of
their lives not just with the small family network of old but with literally hundreds of
people. The nature of communication has also changed – communication is no longer
associated with face-to-face contact, and non-verbal communication through purely
electronic means is becoming increasingly pervasive. These sociological changes may
also have neurobiological consequences. There is a growing and worrisome literature
suggesting that brain structures may be altered by these changing patterns of interaction
and communication [56]. Such changes could potentially have functional consequences.
For example, there are suggestions that the nature of knowledge assimilation and learning
as a result of technology usage has changed, and that this impacts on the ability of young
people to learn and to pay attention to tasks [57]. This propensity towards distraction may
have far reaching consequences – given the ubiquity of these new technologies, it is likely
to have attendant influences on how young people learn and develop social skills [58].

4.3

Effects of the early environment

The third consideration beyond the accumulating evidence that these changed ways of
learning and inter-personal exposure might affect the development of brain function and
communication skills stems from another growing body of evidence, which suggests that
the early environment of parental-infant attachment and of experiential (informal) learning
can have permanent effects on brain function and maturation. Some of these effects
are mediated through the actions of hormones such as oxytocin and vasopressin [59].
Some of these effects are likely mediated through epigenetic mechanisms which change
the settings of gene switches. While most of this science is based on compelling data
from animal studies [60], there are supportive data in humans showing that stresses and
challenges early in life will change the settings of switches involved in pathways associated
with social experiences and stress responses, with permanent effects [61]. Recent studies
on suicide victims who had been abused during childhood showed epigenetic changes
in the brains that were not found in non-abused victims [62]. Epigenetic changes have
also been detected in women who experienced childhood abuse and later developed
antisocial behaviour [63]. Attachment between mother and infant is more than simply
a behavioural relationship; it involves the action of a number of hormones in the brain,
and secure attachment is an important predictor of resilience in later life [64], including
higher self-esteem, reduced anxiety and reduced hormonal responses to stress [61].
There is increasing evidence that this involves epigenetic processes and that these effects,
which reflect the transmission of social determinants into a biological substrate, may
have intergenerational consequences [65, 66]. In turn the same hormones involved in
attachment appear to play a role in how individuals respond to each other and in creating
cooperative and trusting relationships rather than aggressive tendencies later in life
[67]. While this aspect of the science is still emerging, it is reasonable to postulate that
these long lasting effects of poor attachment involve not only emotional aspects but also
changes in the basic biology of the brain.

4.4

Transcultural differences

There are considerable transcultural differences in adolescent morbidity even among
Western countries; New Zealand and other anglophone countries generally compare
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poorly to non-anglophone European countries in, for example, teenage pregnancy and
abortion rates [68, 69]. These transcultural differences should be informative but little
research has been done to understand their basis. The age of puberty is similar across
these populations, but what does differ is the balance of focus on early childhood
education and support. It has been suggested that cultural differences in early childhood
experience explain the disparateness in adolescent morbidity, and given New Zealand’s
dismal position it is a field of research meriting investment.

4.5

Cognitive versus non-cognitive skills

Such considerations are given greater weight by the work of James Heckman and others
[70-72]. It is important to distinguish cognitive function as measured by formal IQ tests from
other aspects of brain function, and in particular executive functions mediated through
the prefrontal cortex. It is now clear that success in formal education and in many other
areas is dependent on this latter class of brain function. Heckman and colleagues have
pointed out that in early childhood, not only are formal cognitive skills starting to develop
but this is also a critical window in which the broader range of non-cognitive but crucial life
skills are established which promote school achievement, job performance and financial
security [73]. Indeed, the evidence reviewed in Chapters 2, 3 and 4 highlights the growing
data showing that it is the development of non-cognitive skills in early childhood that is
critical to successful passage through later life. A large body of research has demonstrated
that targeted investment in high risk populations through interventional programmes
at this point in the life cycle pays social and economic dividends in terms of reduced
incarceration, reduced arrest rates, higher employment and higher earning capacity later
in life (described in the final section of this chapter). Once again this reinforces the notion
that the biological, social and cultural factors conflate and cannot be separated.

4.6

Implications for research and intervention

While these data point to the vital importance of the early life as a period for intervention,
action and targeted prevention, this does not mean that actions later in the life course
are not justified or without benefit. However the complexities of the phenomena we
are dealing with, and the strong evidence implying biological substrates that are not
necessarily irreversible for the behaviours in question, mean that interventions must be
well designed, research-based and carefully evaluated – unfortunately this is not always
the case as will be discussed in Chapter 22. A framework that focuses on neuroscience
within the wider context of adolescent research is needed [74], and there is a compelling
case for including the neurobiologist with the more traditional social and behavioural
scientist in promoting an interdisciplinary approach to the design of interventions [46].

5. A synthesis
Puberty is a biological process in which the individual’s gonads are activated and he or
she becomes reproductively competent. In evolutionary terms, reproductive competence
would have evolved in parallel with the ability to cope as a reproductively active member
of the society in which the individual lived. However society is now immeasurably more
complex; the nature of social organisation and the skills required to function as an adult
are very different from those operative 50,000 to 10,000 years ago. Adolescence marks
the period in which sex hormone activity has been initiated, but due to an interplay of
neurobiological, societal and cultural factors the individual is not accepted as fully mature.
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What has definitely changed is the age of puberty, which has fallen quite dramatically
in many populations in recent decades. This has a number of implications. The pubertal
brain functions differently from the pre-pubertal brain and is particularly responsive to
reward incentivising activities. Executive function placing control on these pathways is
not fully mature. Further the big shift in age of sexual activation means it is increasingly
likely to start during primary school, whereas the current structure of the school system,
which separates primary, intermediate and secondary education, was designed on the
presumption that pubertal behaviours did not get exhibited until secondary school.
Current societal concepts of and attitudes to teenage sexual activity, for example, were
largely developed in the 19th and early 20th centuries at a time when puberty was not
completed generally until about the age then established in Western societies as the age
of legal consent. There is increasing discourse on the implications of this emergent science
for the justice system (e.g. [75]), and in particular of the potential for the immature brain
to respond differently from the mature brain in response to punitive punishments, which
may make recidivism more rather than less likely.
On the other hand it is now evident that aspects of executive function do not mature
until much later, on average in the third decade of life. It is not clear whether this is a
new phenomenon or whether its implications are only now emerging as important in
a more complex society. The outcome however is a much prolonged period in which
pubertal hormones are active but full maturity of executive function does not exist. The
consequences are a period in which reward seeking behaviours are not adequately selfcontrolled, and as discussed in subsequent chapters, this is reflected in multiple behaviours
and activities of concern.
Against this background of pubertal mismatch, the impact of widespread marketing aimed
directly or indirectly at adolescents is worrisome. Marketing and media targeting young
people contain a high content of promotion of risk-taking behaviours, alcohol consumption
and sexuality. The celebrity culture, which is unabashedly marketed to the adolescent,
creates role models and heroes out of behaviours which are particularly risky for young
people with immature impulse control.
These issues will not disappear. The age of puberty has fallen largely because children
are healthy. Technological developments mean that the complexity of society will not
diminish. The internet greatly limits the control or regulation of communication among
young people. The challenge therefore is to develop a better understanding of how to
manage the life course so as to promote resilience in young people through nurturing of
non-cognitive capabilities, which will in turn create greater resilience in adolescence. The
life course approach would argue that one’s focus should be on the early childhood period.
It also suggests that greater attention to the understanding of neural maturation should
be part of the research agenda. It may well be that significant changes in the structure
of the educational system are needed to assist young peoples’ maturation of executive
function. Greater sensitivity is needed by society as a whole to the messages that are
projected at young people during this vulnerable period.
The complexities of individual biology, developmental exposures and the contexts within
which every young person lives mean that there is considerable individual variation in
the timing and pattern of maturation, both biologically and behaviourally. Superficially,
it might seem that resilience is related solely to the variation in timing and pattern of
this maturation. However, as this chapter has tried to illustrate, it is now apparent that
important aspects of brain maturation can be influenced by events earlier in the life
course. This information provides preventative (as opposed to remedial) opportunities
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to develop strategies enhancing the opportunities for more young people to transition to
adulthood without harm to themselves or to the community.

6. An economic perspective on the life course
The life course perspective has economic as well as biological, behavioural and educational
dimensions. Economists have used the life course approach to model the return on
investment early in the life course on later outcomes. They have modelled the value of
intervention in one phase of the life course in affecting progress through a later phase in
the individual’s life so as to estimate the costs and benefits of preventative and remedial
interventions. The range of outcomes that can be considered include educational
achievement, earnings, employment, health, relationships and interactions with the
justice system (arrests/incarcerations). Human capital approaches have generally been
used [76, 77].
Heckman and colleagues have considered the importance of cognitive and non-cognitive
(executive) brain functions, and their development in early childhood with respect to
outcomes in the high school and subsequent years. Importantly, they have studied
high intensity targeted intervention programmes in early childhood such as the Perry
Preschool and Abecederian programmes, both of which are US-based targeted high
intensity intervention programmes for at-risk children, involving structured day care/
kindergarten and home interventions with well-trained therapists. Their findings can be
summarised as follows: targeted investments in early life increase high school completion
rates [78], and intensive early childhood programs for at-risk African-American 3-4 year
olds show long term positive effects in both genders; overall the greater effects are on
non-cognitive traits and, in males, lead to crime reduction and improved self-control [79].
Throughout this body of work the development of non-cognitive executive skills is closely
linked to performance on formal learning tasks. The importance of early childhood to the
optimal manifestation of both cognitive and non-cognitive skills through adolescence is
clear. While remediation of non-cognitive skills is possible, prevention is logical and more
effective [80]. Heckman’s group studied the economic return on graduates of the Perry
Preschool programme through their third decade and showed a high level of economic
return, with the greatest impact on crime reduction [77, 81]. Similar data were obtained
from follow-up of the Abecederian study [82]. The relationship between crime and low
educational achievement is well documented [83].
To quote Heckman and Masterov [81]:
“An accumulating body of knowledge shows that early childhood interventions for
disadvantaged young children are more effective than interventions that come later
in life. Because of the dynamic nature of the skill formation process, remediating
the effects of early disadvantages at later ages is often prohibitively costly (...)
Skill begets skill; learning begets learning. Early disadvantage, if left untreated,
leads to academic and social difficulties in later years. Advantages accumulate;
so do disadvantages. A large body of evidence shows that postschool remediation
programs like public job training and general educational development (GED)
certification cannot compensate for a childhood of neglect for most people.”
Much of this disadvantage will manifest in adolescence through dropout rates, asocial and
acting out behaviours associated with poor impulse control, crime and reinforcement of
disadvantage for the next generation. It is also clear that much of the advantage of early
intervention is mediated through non-cognitive skill development and that this differential
29
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can be anticipated to be particularly manifest in adolescence [84], when immaturity of
executive function in relation to biological maturation is most likely to confer individual
and community disadvantage.
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