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Abstract
This chapter discusses adolesc,ent developmental theories, first reviewing neurological growth and restructuring that occurs in the brain during ado­ lescence_ Next, cognitive and affective p rocesses, including metacognition, self-regulation, and self-

[bookmark: Wehmeyer-002]determination are described. Finally, identity de­ velopment and agency and their ro1e in adolescent development are described, followed by discussion of the role of culture and context in a.dolescent development.
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The aim of this chapter is to situate the discussion of agency artd self determ ination within the broader context of adolescent developmental theory . There are few theories that focus solely on adolescence; most are based on lifesp.an models (e.g., Piaget's theory of cognitive development) There is also no shortage of theories on human de­ velopment, with each theorist providing a different lens through whichto view the processes of matu­ rationr	e .g ., Vygotsky and Erickson. In addition te thes-e  lifespan theories1  over the last twenty years there has.been	a flurry of netrroscience research
on adolescent brain growth. At first glance, much of the neuroscience research appears void of guid-

[bookmark: Wehmeyer-003]ing deve10pmental theory, emphasizing instead biological or medical models of growth. However, even these biological/medical models use a default model when interpreting the findings, frequently characterizing adolescence as a "storm and stress" period of development (Hall1 90 4). Given the range of theories that could be included in this chapter} we narrowed the focus to  those that we consider the most relevant to the processes through which adolescents' transition into adult roles in society.
To accomplish the chapter aims, we begin by
first examining thefoundat1ons of adolescence
-the remarkable puberty-initiated neurological gro.wth and restructuring ofadolescents' brain s. Drawing on r:elatively recent neuroscience research, wesuggest that adolescents are ontogenetically primed for developing eapacities relevant for self­ determination and agency. Wenext examine changes in fundamental cognitive and affective
,.pr ocesses" during adolescence: metacognition1
· self-regulation, and self-determination (i e., basic p ychological needs). Although one could argue that self-regulation is a developmental task, we chose to treat it as a cognitive-affective process fhat
-sup po r t s.other developmental tasks. In the third

[bookmark: Wehmeyer-004]section we focus on identity and agencydevelop­ ment. Many consider identity the quintessential developmental task of adolescence_ Id  enti	ty   devel­ opment and agency are linked.to creating pu.rp0s·e and meaning within society, which takes.centeir
.stage as adolescents begin to assign value to their  ' 1fut ure selves'' (Markus and Nurius 1986). The fourth major section we devote to discussion of
how culture and context intersect with adolescent
development. The point wereach in the concluding section is that adolescence represents a unique window of opportunity for specific, accelerated de­ velopment in the human lifespan.

Pube rty and Adolescen ce
You n iss ( 198 3) argued that "(a)d oles cence is socially constructed" and, as a socialconstruct, represents shared socio-cult ural understandings and beliefs thathave emerged over timeas a way to 'makesense' ofphysical and neurological changes brought on bypuberty. These shared understand­ ings and beliefs are the basis for what we expect from and'how we treat adolescents.While many
of our understandingsandbeliefs are.e.x plicit an d

[bookmark: Wehmeyer-005]defined (e.g., legal culpability), just as many, if not more,·a.re implicit and onfyvisible in society's
embedded socio-cultttralnorms and practices. The
social construction process makes adolescence a dynamic construct, withphysical and neurologica changes being the only constants,
Thefotmdation for understanding adolescence is puberey . Strictly speaking, puberty refers to three overlapping neuroendocrinologicalevents (adrenarche, gonadarche; and groWth axisactiva­ tion) associated with sexual maturation, which resultin reproductive·capabilities  characteristic of adult members of a species (Rosenblum 1 990). Among humans, an early first stage of sexual maturation, andrenarche I involves an increasing
production of adrenal androgens, starting between ages 6-9 in girls and 7-10 in boys, building to an apex approximately 10 yearslater and contin u­ ing into the20s, althou,gh it sl-0ws co nsider ably after thisapex (Blakemore et al. 201O; Dorn et aL
2006). This increase in androgens is associated with development of pubic and axillary hair and a slightly acceletated rate ofbonegrowth (Cutler
I 9 91 ). Gonadarche is a second.phase of puberty in which thehypothalamic-pituitary-gonadal(HPG)

[bookmark: Wehmeyer-006]axis is •ir eactivated " resultingin pulsatile produc­ tion of gonadotropin hormone that stimulates the release, via the follicle-stimulating and luteinizing hormones, of gonadal hormones-testosterone
in males, estrogen in females (Spear	DU,O)  Go­
nadarche begins around age 11 for girls, with. a range of 8- 141 and around age12 for boys,-with arangeof9-15 (Blakemoreetal. 2010). TheHPG axis is active early in life but becomes "deactivated'1 during childhood only to become reactivated during adolescence, which then continues to be active throughout adulthood. Coinciding with gonadarche is an increase in growth hormone (GH) production gMng rise to the development of secondary sexualcharacteristics (e.g., breastde­ velo.pment) and rapid growth (e.g.1 growth spurt) that changes body size and composition, which occursaround age 12 for girls and age 14 for boys (Bla kem ore et al. 2010: Spear 2000). The start of adolescence is.typically associated with changes re­ lated to gonadarche and activation of the growth­ axis I perhaps because these neuroendocrine events produce more visible changes in the adolescent.
The criteria for identifying the conclusion of adolescence vary greatly.We summarize this

[bookmark: Wehmeyer-007]v:ariability into two 'camps' based on operational definitions evident in the literature that can often be traced to imderlying assumptions regarding adolescence as a biological and/or a social con­ struction (e.g.,nature versusnur ture). The neur&­ biological camp focuses on identifying an end of adolescence that is associated with the normal­ ization of neuroendocrinologicalfunctions (e.g., gonadotropicfunctions). For the neuro-biological camp, the end of adolescence occurs approximately around age18 (c..f. Spear 2000). The-second camp focuses on socially-constructed definitions to iden­ tify the end of adolescence. For example, as edu­ cational requirements for gainful employment in the United.States have increased, along with other macrosttucturalchanges (Mortimer and Larson 200 2), some scholars extend the upper boundari!=S of adolescence wellinto the middle 20s or even age 30 (Arnett 2000). The social-constru,ction camp typically relies on neuroendocrinolo,gicaleventsfor the start of adolescence but then switches to social definitions to determine the endpoint.

Neurobiology of Puberty
Theneuroendocrinological events of puberty

[bookmark: Wehmeyer-008]result not simply in  sexualmaturation but they also trigger profound changes in the brain that impact 11the perceptions, motivations, and behav­ ioral repertoire of the individ ual11  (Blakemore et aL 201 0, p. 926). These changes accelerate learning for an ontogenetic plJU'POSe-to provide flexibility (neuroplasticity) to rapidly learn and adapt to en­ vironmental needs and demands, presumably to promote learning associated  with functioning  as a member of adult society (Bour ge ois et al. 1994;
Keating 200 4; Spear 2000). Thereare two b:road
domains of brain changes,·an d each domain is associated with a specific learning potential that focuses and priodtizes.th e 1ob ject1 of learning.
Thesechanges support the apparent ultimate ontogenetic outcome for brain development dm·­ ing adolescence: the integration/coordination of affective and cognitive brain systems that make possible, but do not ensure, a more fully reflective, consciousness for self-directed thought-and action (K.eating 2004). We next review research findings on the two domains of brain development during adolescence in order to providea neurobiological backdrop for understanding the normative devel­ opment tasks of contemporary adolescence,(eg,,
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Neurogenesis, 'Pruning,and Myelination
In response to hormonal events of puberty, adolescents' experience a m,assive overproduction and pruning of neurons.(Huttenlocher 19 79).
The magnitude of this neuron gene.ration (neu­ rogenesis) and pruning.is startling, with some reasonable estimates of pruning of around 30,000 synapses (connection between two neurons) per se<;ond in the primate brain, and a.similar rate in humans during adolescence (Huttenlocher 1984; Rakic et aL 1994). Pruning is an essential process for organizing neural connections into networks that support functioning in an environment; the pattern of connections, not a greater number of neurons per se, is related to skill developm ent and improved functioning. Only during the early years of life (e.g., ages 0- 3) is the rate of neurogenesis and pruning roughly equivalent to that during adolescence By approximately age l 6J  the rate of production and pruning peaks and begins to slow to adult-typical levels(He and Crews 20 0 7; H t­ tenlocher 1 979). One indication of this slowing of neuronproduction is the relative volume ofgrey matter (neurons). Grey matter volume is reduced
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2006; Sowell et al. 2001 ).

Myelination of the axons of neurons.(whlt	e m att er ) i s important for skillle.arning becaulSe it increases the efficiency and speed of neuronal firingfor performing a task (e.g., cognitive, affective, or behavioral task). White matter density increases proportionallybased on the degree to  which specific neural pathways are repeatedly used, and thus reflects learnin g, The pattern of white matter development shows a linear increase throughout adolescence and it continues throughout adult­ hood(Paus 2010; Sala et al. 201 2). The rateofwhlte matter formation, however, followsa similar pat­ tern -as grey matter development, peaking and then slowing.to a moreadult-typical rate after age 18.

Emotional and Motivational Sensiti vity Coinciding with accelerated grey and white matter changes during adolescence ate alterations in in­ centive and emotional processing brain system subcortica1systems . We use the term 'alteration' instead of change to indicate a more transitive or temporary state, rather thana permanent change
