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Abstract

From an affective neuroscience perspective, the goal of achieving a deeper, more mechanistic understanding of the
development of depression will require rigorous models that address the core underlying affective changes. Such an
understanding will necessitate developing and testing hypotheses focusing on specific components of the complex
neural systems involved in the regulation of emotion and motivation. In this paper, we illustrate these principles by
describing one example of this type of approach: examining the role of disruptions in neural systems of positive
affect in major depressive disorder in school-age children and adolescents. We begin by defining positive affect,
proposing that positive affect can be distinguished from negative affect by its neurobehavioral features. We provide
an overview of neural systems related to reward and positive affect, with a discussion of their potential involvement
in depression. We describe a developmental psychopathology framework, addressing developmental issues that
could play a role in the etiology and maintenance of early-onset depression. We review the literature on altered
positive affect in depression, suggesting directions for future research. Finally, we discuss the treatment implications

of this framework.

Among investigators interested in develop-
mental psychopathology, the concept of af-
fect dysregulation has become increasingly
popular. Depression in particular has been con-
ceptualized as a disorder of affect dysregula-
tion. However, few conceptual models address
the specific aspects of affect that are consid-
ered to be “dysregulated.” To pose a simple
analogy, it is not very helpful to say that a
child with a fever has a disorder of “temper-
ature dysregulation” when, in fact, the phys-

This research was supported by a Klingenstein Third Gen-
eration Foundation Postdoctoral Fellowship, NIMH Train-
ing Grant T32 MHO18269, and NIMH Research Network
R24 MH67346. We thank David J. Kupfer for his com-
pelling suggestions about clinical course and develop-
ment across the life span, and we thank Anna Lotze for
help with references.

Address correspondence and reprint requests to: Erika
E. Forbes, E-719 Western Psychiatric Institute and Clinic,
University of Pittsburgh, 3811 O’Hara Street, Pittsburgh,
PA 15213; E-mail: forbese @upmc.edu.

iologic systems of temperature regulation are
operating quite effectively in response to in-
fection. Similarly, without greater specificity
regarding which aspects of emotion and/or
motivation are altered and in which ways, it
is probably not sufficient to say that a child
with depression, anxiety, or a bipolar illness
has a disorder of affect regulation. To effec-
tively apply a conceptual framework empha-
sizing affect dysregulation to understanding
affective disorders, it is important to rigor-
ously define what exactly is being dysregu-
lated. When applied to the study of depression,
such rigorous definition has value for inves-
tigating the etiology, treatment, and preven-
tion of the disorder.

To use another form of psychopathology as
an example, an anxiety disorder seems to in-
volve an excess activation of fearful affect
that impairs functioning. But what mecha-
nisms of affect regulation are responsible for
this excess of fearful affect? Excess activation
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of fearful affect could result from any one (or
a combination) of the following mechanisms:
(a) a lower threshold to activate fear, (b) a
more intense response once fear is activated,
(c) difficulty terminating a fear response, (d)
activation of typical fear responses in inappro-
priate contexts, or (e) cognitive distortion or
excess attention directed to a typical internal
fear response. Likewise, depression could re-
sult from dysregulation in several different
affective processes. These processes could in-
clude increased activation and/or duration of
negative affect in the form of sadness or irri-
tability or diminished activation of positive
affect and motivation. If we focus on positive
affect, depression could involve (a) an ele-
vated threshold to activate positive affect, (b)
a less intense response once positive affect is
activated, (c) difficulty sustaining a response
involving positive affect, (d) failure to acti-
vate typical positive affect responses in appro-
priate contexts, or (e) insufficient devotion of
cognitive resources to initiating, sustaining,
or enhancing a typical positive affect response.

From the perspective of affective neurosci-
ence, the consideration of negative affective
processes and positive affective processes in
depression is not simply a semantic issue re-
garding internal states. Dysregulation of neg-
ative affect and dysregulation of positive affect
represent fundamentally different changes in
specific neurobehavioral systems. The termi-
nology for “depression” is often interpreted as
presuming that the fundamental nature of this
disorder involves increases in negative affect
(e.g., sadness). Yet, as we describe in this pa-
per, there are numerous reasons to consider
the role of alterations in neural systems of
positive affect, particularly early in the course
of the illness. The conceptual framework we
describe not only raises intriguing questions
at the level of mechanistic understanding of
the development of the disorder, but it also
may have important implications regarding
prevention and early treatment.

Case Examples

To illustrate our points about the role of dys-
regulation of positive affect in depression, we
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present the following case examples drawn
from recent outpatient experiences in our clin-
ics. Consider the clinical symptoms of two
young people with major depressive disorder
(MDD).

Example 1

The first example, R.T., is an 11-year-old boy
referred for treatment by his school’s guid-
ance counselor. He is typically a pleasant, con-
scientious student with good grades, but over
a period of 4 months he has become less en-
gaged in academic activities and has been in-
volved in physical fights with peers. His
teachers are concerned about his behavior.
More specifically, they reported to his family
that the most striking change in his behavior
has been the loss of his happy, enthusiastic
manner. His mother is concerned about his
mood, noting that he often appears unusually
serious. During the assessment, R.T. reports
that he has stopped participating in football, is
no longer spending weekday afternoons at the
playground with friends, and has stopped look-
ing forward to an award ceremony where he
will receive recognition for an essay he wrote.
He states that his usual social activities and
his participation on the school football team
no longer seem to be fun.

Example 2

The second example, S.K., is a 16-year-old
girl brought to an adolescent outpatient clinic
by her parents, who are concerned by her
recent argumentativeness at home. Her par-
ents report that, although they consider their
relationship with her to be close and respect-
ful, she has become “cranky” and “challeng-
ing” during their recent interactions. S.K.
reports that she feels irritable and “lonely,”
and has become less active socially in the
past month. She has dramatically reduced the
amount of time she spends with her best friend.
Instead of their typical 1-2 hr phone calls on
weeknights and the weekends spent shopping
and going to dance clubs, they now spend
time together only at school. S.K. has also
lost interest in dating, even though several
boys she previously found attractive are ex-
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pressing interest in her. She also reports feel-
ing fatigued when attempting to complete her
homework, spending more time at home, and
exercising less often.

Summary

In both cases, these young people are exhibit-
ing signs of negative affect, including the sad-
ness and irritable mood typical of child and
adolescent depression. Alterations in positive
affect, however, may be of equal or greater
significance to their functional impairments.

From a purely clinical perspective, it can
be extremely difficult to distinguish dimin-
ished positive affect from increased negative
affect when describing a change in function-
ing. For instance, did R.T. quit the football
team because his sadness interfered with his
ability to participate or because of decreased
motivation and enjoyment? Did he appear fa-
tigued because of decreased motivation, en-
thusiasm, and joy; or did he have less energy
because of the burden of negative feelings?
Did S.K. withdraw from rewarding social ac-
tivities because she felt bad, or did her nega-
tive feelings become much worse because
she lost motivation and the subsequent enjoy-
ment of engaging in these pleasurable
activities?

Clearly, some decreases in positive affect
are evident in the behavior, motivation, and
mood of R.T. and S.K. Both young people feel
less happiness and express positive emotions
less often, but they also experience distur-
bances in functioning that involve other as-
pects of positive affect. They have decreased
the frequency of their participation in their
favorite activities, they express reduced inter-
est in these activities, and they find the activ-
ities less enjoyable. They both have withdrawn
from social contact and are experiencing dis-
ruption to their social relationships. In S.K.,
the adolescent, this social disruption extends
to parents and potential romantic partners as
well as peers. In R.T., altered positive affect
includes lowered positive expectations about
his future.

Although increased negative affect (crying,
sadness, irritability) is a familiar characteristic
of depression, the disturbance of positive af-
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fectmay be particularly distressing to those close

to the young person. As R.T.’s mother told us,
“I knew something was wrong when his teach-
ers told me that they miss his smile.”

Objectives

This overview of the affective features of de-
pression presents a conceptual framework that
emphasizes alterations to positive affect sys-
tems. We focus specifically on MDD that oc-
curs in school-age children and adolescents.
We take the stance that alterations to positive
affect systems are a critical feature of depres-
sion, and we view positive affect as separate,
to some extent, from negative affect. Two per-
spectives are essential for the proposed con-
ceptual framework: affective neuroscience and
developmental psychopathology. Affective
neuroscience allows us to begin to disentangle
the distinction between increased negative af-
fect and decreased positive affect or reward
seeking. Developmental psychopathology al-
lows us to examine normal and abnormal
processes in positive affect that contribute to
early-onset depression. Through combining
these two perspectives, we address findings
on reduced positive affect in depression, iden-
tify promising future directions, and discuss
potential treatment issues.

Depression During Childhood and
Adolescence

Depression is a common mental disorder that
strikes large numbers of youth and is a leading
cause of disability across the life span (Mur-
ray & Lopez, 1996). Depression is relatively
rare in childhood, but its prevalence increases
sharply during adolescence (Kessler, Ave-
nevoli, & Merikangas, 2001), with a lifetime
adolescent prevalence estimated to be as high
as 25% (Lewinsohn, Rohde, & Seeley, 1998).
The rise in risk for depression appears to be-
gin in the early teenage years, especially in
females, and continues to increase, with a more
or less linear rise into early adulthood (Kessler
& Walters, 1998; Lewinsohn et al., 1998).
Early-onset depression has serious conse-
quences for academic and psychosocial func-
tioning (Glied & Pine, 2002; Lewinsohn,
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Rohde, Seeley, Klein, & Gotlib, 2003). This
form of depression has high continuity into
adulthood, and children and adolescents
who experience depression are likely to en-
counter severe, recurrent depression later in
life (Costello, Angold, & Keeler, 1999;
Kovacs, Gatsonis, Paulauskas, & Richards,
1989; Lewinsohn, Rohde, Klein, & Seeley,
1999; Pine, Cohen, Gurley, Brook, & Ma,
1998). Depression also contributes to signif-
icant mortality, because MDD is the stron-
gest psychiatric correlate of suicide and suicide
attempts in this age group (Brent, Perper,
Moritz, Allman, Friend, Roth, Schweers, Bal-
ach, & Baugher, 1993).

MDD is not the only affective disorder
worthy of attention from a positive affect per-
spective. Dysthymic disorder, another form of
affective disorder, is more chronic and less
severe than MDD. Like MDD, dysthymic
disorder in childhood and adolescence is char-
acterized by depressed mood. However, dys-
thymic disorder tends to involve less severe
decreases in enjoyment of pleasant activities
(Kovacs, Akiskal, Gatsonis, & Parrone, 1994).
Children and adolescents with depression are
also at risk for developing bipolar disorder
(Geller, Zimerman, Williams, Bolhofner, &
Craney, 2001), a disorder posited to be char-
acterized primarily by dysregulated positive
affect (Leibenluft, Charney, & Pine, 2003).
Although we focus only on MDD in this pa-
per, we presume that our framework will also
apply to dysthymic disorder and bipolar dis-
order in many ways.

Positive Affect: A Definition

For the purposes of this overview, we define
positive affect as involving a set of hedonic,
behavioral, motivational, and physiologic fea-
tures. These features are organized for several
goals related to the pursuit and enjoyment of
rewards, including the social contexts and in-
teractions that are the foundation of large cat-
egories of rewarding experiences in humans
and other social species. Notably, although we
consider subjective state a component of pos-
itive affect, we conceptualize positive affect
as involving more than just the subjective ex-
perience of pleasant emotions. Emotions are
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inherently tendencies to act (Cole, Martin, &
Dennis, 2004; Frijda, 1986), and positive af-
fect is thus associated with a set of behaviors.
These behaviors include social engagement,
reward seeking, and motor activity. Emotions
have important social functions (Campos,
Mumme, Kermoian, & Campos, 1994), and
positive affect is critical to interpersonal goals
and affiliative needs. In children and adoles-
cents, positive affect serves to initiate and
maintain relationships with friends, parents,
and romantic partners. Finally, motivational
characteristics are critical because positive af-
fect can be characterized as much by the an-
ticipation of a pleasant outcome, and the
behavior inspired by that anticipation, as by
the enjoyment of that outcome.

‘We propose that many social emotions and
behaviors are involved in positive affect. In
the interest of examining the neurobiological
correlates of this construct, we will focus on
one component: affective states and behaviors
involved in the pursuit of reward. Because
positive affect has neurobiological features,
understanding the neural substrates of reward
seeking and reward processing is essential to
understanding positive affect. Importantly,
the distinction between positive affect and
negative affect involves neural underpin-
nings, not just semantic differences. An affec-
tive neuroscience perspective on positive affect
emphasizes reward-motivated behavior and
defines subjective positive affect as an emo-
tional state elicited by reward (Rolls, 1999;
Schultz, 2000). Thus, examining components
of reward responding provides an approach
to understanding deficits in the regulation of
positive affect in depression. Components
of reward responding include motivation to
obtain reward, sensitivity to reward magni-
tude, and enjoyment of reward. Neuroscience
researchers argue that it is essential to con-
sider these components separately as a means
to a sophisticated understanding of reward.
For example, motivation or “wanting” is seen
as having different neural substrates than en-
joyment or “liking” (Berridge & Robinson,
2003). To determine the neural bases of re-
ward processing in depression, it is necessary
to examine brain activation during reward
experiences.
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Why Emphasize Positive Affect in
Depression?

The symptoms of depression illustrate the point
that changes in the experience and expression
of positive affect are crucial features of de-
pression. Depressed mood, the fundamental
characteristic of the disorder, is often experi-
enced or expressed as decreased positive
affect. Anhedonia, another fundamental char-
acteristic, is a diminished capacity to experi-
ence enjoyment. Fatigue can be conceptualized
as a sign of diminished motivation and/or de-
creased energy to pursue enjoyable and goal-
related activities. Social withdrawal, which is
not a criterion symptom but is common in
depression, may indicate reduced enthusiasm
for interactions with others or difficulty ob-
taining enjoyment from those interactions.

Several components of affective processes
may be disrupted with depression. Many of
these components are related to positive affect
systems. Notably, core aspects of depression
may include any or all of the following: re-
duced motivation to engage in pleasant activ-
ities, reduced opportunities to experience
rewarding situations that generally activate pos-
itive emotions, difficulty activating positive
emotions, and difficulty sustaining positive
emotions once they are activated.

Just as the study of positive experience has
only recently received attention in the field of
psychology (Seligman & Csikszentmihalyi,
2000), examining the specific alterations in
the neural systems of positive emotion and
motivation relevant to depression is a novel,
exciting, but understudied approach. The view
of reduced positive affect as a critical aspect
of depression is consistent with emotion-
based, motivation-based, behavioral, and evo-
lutionary models of affective psychopathology.
In fact, all of these models emphasize distur-
bance to positive affect as a central feature of
depression.

The dominant emotion-based model of de-
pression is the tripartite model of anxiety and
depression, which posits that although depres-
sion and anxiety both involve elevated dis-
tress (i.e., negative affect), reduced positive
affect is a factor specific to depression (Clark
& Watson, 1991). From this perspective, sad-
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ness is considered a mixed affective state that
involves elements of both negative affect and
positive affect (Clark & Watson, 1991).

Motivation-based models of depression
(e.g., Depue & Iacono, 1989) propose a link
between depression and decreased activity in
the behavioral activation system (Fowles,
1988; Gray, 1990). This system is a motiva-
tional system specialized for appetitive behav-
ior, or behavior whose goal is obtaining reward.

Behavioral models focus on learning, claim-
ing that depression is associated with re-
duced frequency of experiencing reward in
the social environment (Lewinsohn, Hober-
man, Teri, & Hautzinger, 1985). Low rates of
reward then result in a reduction in active
behaviors such as social interaction, reducing
the chances of receiving reward and thereby
contributing to the maintenance of depressive
mood.

Finally, the social risk hypothesis of depres-
sion (Allen & Badcock, 2003) views reduced
positive affect in depression within an evolu-
tionary psychology framework. According to
the model, reduced social risk-taking behav-
ior (i.e., behavior in pursuit of reward) and
low reward motivation represent an attempt to
reduce the individual’s burden on the social
group. Although they are inspired by different
conceptual frameworks, all of these models
propose a unique and important role for posi-
tive affect systems in depression.

General Definition of Affect Regulation

Because depression has been conceptualized
as a disorder of affect dysregulation (Gross &
Mufioz, 1995), understanding depression in
children and adolescents requires understand-
ing affect regulation. Definitions of affect reg-
ulation vary within the field of developmental
psychopathology. Rather than debate the mer-
its of each definition, we will provide the fol-
lowing working definition for the purposes of
this overview. Affect regulation is a set of
internal and external processes involved in the
initiation, maintenance, or modification of the
quality, intensity, or chronometry of affective
responses.

In developing this definition, we have drawn
from the work of several theorists of develop-
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ment (Cole et al., 2004; Thompson, 1994)
and psychopathology (Gross & Mufioz, 1995).
We emphasize that affect regulation is inter-
twined with affective reactivity, so that it does
not simply occur after an affective reaction
has begun. It is important to note that affect
regulation can occur as part of the process of
generating or avoiding an affective state (Cam-
pos, Frankel, & Camras, 2004), not simply
after the affective state begins. Affect regula-
tion can occur in several ways. The processes
involved can be automatic as well as effortful
or conscious. Affect can be regulated by the
self or others, and thus the social environment
can play an important role in affect regula-
tion. Finally, affect can also serve to regulate
the environment around the child or adoles-
cent, so that it can have regulatory functions
as well as being the object of regulation.

Key aspects of depression can be concep-
tualized as changes in affect regulation. The
diagnostic criteria for MDD require the pres-
ence of either persistent low mood or anhedo-
nia (American Psychiatric Association, 2000),
both of which reflect difficulties with affect
regulation. Diagnostic criteria also include in-
tensity and duration of these symptoms, fur-
ther suggesting alterations in affect regulation
processes. For instance, sadness may be expe-
rienced as more intense, maybe be triggered
more easily, and may last longer in depressed
youth. Pleasant emotions may be weaker, oc-
cur less frequently, and be elicited less readily.
The unusual intensity and time course of these
emotions may reflect reduced affect regula-
tion, in that the usual change in intensity or
return to baseline level does not occur easily,
allowing affective processes to persist longer
than they would typically.

Indeed, children and adolescents with de-
pression or internalizing problems are often
described as displaying poor affect regulation
(Eisenberg, Cumberland, Spinrad, Fabes,
Shepard, Reiser, Murphy, Losoya, & Guthrie,
2001; Garber et al., 1995; Rydell, Berlin, &
Bohlin, 2003; Sheeber, Allen, Davis, & Soren-
sen, 2000; Silk, Steinberg, & Morris, 2003).
Young people with depression also report
using less effective affect regulation strat-
egies (Garber et al., 1995). These difficulties
with affect regulation have led to conceptu-
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alizations of depression that emphasize poor
affective flexibility (Rottenberg, Wilhelm,
Gross, & Gotlib, 2003). Poor flexibility can
involve becoming “stuck” in terms of subjec-
tive mood, physiology, or behavior. Namely,
depression is likely to involve difficulty re-
covering from negative affect or enhancing
positive affect, responding to changing cir-
cumstances, and increasing overall activity
level and time spent in social interactions.

Reward-Related Neural Circuits

To apply an affective neuroscience frame-
work to our discussion of altered positive af-
fect in depression, it is valuable to describe
the neural substrates of reward processing. In
addition, describing these neural substrates cre-
ates a basis for distinguishing positive affect
from negative affect. The function and inter-
relation of these neural systems show speci-
ficity to behavioral manifestations, thus
supporting the claim that positive affect has
some independence from negative affect.
Neural circuits implicated in reward pro-
cessing include the striatum, orbitofrontal
cortex, and amygdala. Reward-related brain
systems have functions such as detecting re-
ward, predicting future reward, representing
reward value, and representing goals (see
Schultz, 2000, for a review). The regions tra-
ditionally implicated in reward processing in-
clude the striatum and orbitofrontal cortex
(Dalgleish, 2004; Rolls, 2000; Schultz, 2000).
The striatum detects the presence of rewards
and represents reward-related goals, while the
orbitofrontal cortex processes to the magni-
tude or value of reward and the expectation
of reward. Recent studies also suggest that
the amygdala, which is thought to respond to
social signals of emotion (Dalgleish, 2004),
also plays a role in reward responding (EIl-
liott, Newman, Longe, & Deakin, 2003; EI-
liott, Newman, Longe, & William Deakin,
2004) and in representing stimulus—value as-
sociations involving rewarding outcomes (Bax-
ter & Murray, 2002). Other areas important
to reward processing are midbrain dopamine
neurons, which are sensitive to reward-
predicting stimuli, error detection, and novel
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rewards, and the dorsolateral prefrontal cor-
tex, which represents goals related to reward.

Coordination among these brain structures
plays arole in guiding behavior and, by exten-
sion, influencing affective state (Schultz, 2000).
For instance, midbrain dopamine neurons re-
spond to unpredicted rewards (Ljungberg, Api-
cella, & Schultz, 1992). Dopamine response
provides a signal to the orbitofrontal cortex,
which is implicated in reward expectation
(Schoenbaum, Chiba, & Gallagher, 1998), and
the striatum, which has a role in detecting
rewards and motivating reward-oriented be-
havior (Schultz & Romo, 1988). Dopamine
neurons also signal the dorsolateral prefrontal
cortex, which contributes to the planning of
reward-directed behavior. In addition, the
dopamine signal appears to be influenced by
activity in the striatum, amygdala, and orbito-
frontal cortex, all of which detect rewards
(Schultz, Tremblay, & Hollerman, 1998).

Animal models have been essential to the
study of neural systems of reward. For in-
stance, studies of nonhuman primates have
provided many of the relevant findings on the
roles of midbrain dopamine (e.g., Ljungberg
et al.,1992) and orbitofrontal cortex (e.g., Me-
unier, Bachevalier, & Mishkin, 1997) in re-
ward. Studies of rodents have elucidated the
involvement of the ventral striatum in reward
(Kelley, 2004; Robbins & Everitt, 1996). As
described below, studies with humans have
been particularly valuable for understanding
the function of the amygdala, orbitofrontal cor-
tex, and striatum (e.g., Elliott et al., 2004;
Knutson, Fong, Adams, Varner, & Hommer,
2001; O’Doherty, Kringelbach, Rolls, Hor-
nak, & Andrews, 2001).

Studies of reward processing in healthy
adult humans have implicated several brain
regions. In particular, anticipation and re-
ceipt of reward appear to involve different
regions. Activation in the ventral striatum,
particularly the nucleus accumbens region,
occurs during the anticipation of reward (Knut-
son et al.,, 2001; Knutson, Fong, Bennett,
Adams, & Hommer, 2003). The ventral stri-
atum, dorsal striatum (especially the cau-
date), amygdala, and ventromedial prefrontal
cortex exhibit enhanced activation during re-
ceipt of reward (Delgado, Locke, Stenger, &
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Fiez, 2003; Delgado, Nystrom, Fissell, Noll,
& Fiez, 2000; Elliott, Rubinsztein, Sahakian,
& Dolan, 2002; Knutson et al., 2001, 2003).
Brain regions are also specialized for respond-
ing to the value of a reward. The amygdala
and orbitofrontal cortex appear to exhibit sen-
sitivity to predicted reward value (Gottfried,
O’Doherty, & Dolan, 2003). The orbitofron-
tal cortex is implicated in processing ex-
tremes of reward magnitude (Elliott et al.,
2003).

Functioning of the dopamine neurotransmit-
ter system is also crucial to reward processing.
Mesolimbic dopamine projections from the ven-
tral tegmental area of the brain to reward-
related regions such as the ventral striatum,
amygdala, and orbitofrontal cortex appear to
support a system critical to pleasant mood, mo-
tivation to obtain reward, and reward-related
behavior (Spanagel & Weiss, 1999). In hu-
mans, feelings of euphoria are correlated with
amphetamine-induced dopamine release in the
ventral striatum (Drevets, Gautier, Price, Kupfer,
Kinahan, Grace, Price, & Mathis, 2001). Do-
pamine is apparently released in the striatum
during a goal-directed video game (Koepp,
Gunn, Lawrence, Cunningham, Dagher, Jones,
Brooks, Bench, & Grasby, 1998) and during
guessing tasks with variable-ratio monetary re-
ward (Zald, Boileau, El-Dearedy, Gunn, Mc-
Glone, Dichter, & Dagher, 2004). If reduced
positive affect is a key component of depres-
sion, disturbances in the dopamine system may
contribute to depression.

The Affective Neuroscience of Reduced
Positive Affect in Depression

Conceptual models

The approach—withdrawal model is an explan-
atory framework for the component features,
the systems organizing affective behavior, and
the mechanisms by which neural functioning
are associated with depression. The model pos-
tulates that affect is organized into approach
and withdrawal systems, which have specific
behavioral functions and neural correlates (Da-
vidson, Jackson, & Kalin, 2000; Fox, 1991).
The approach system is a motivational system
whose function is the pursuit of reward, and it
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is posited to include brain structures (e.g., the
nucleus accumbens) that mediate processing
of reward information. From this view, depres-
sion is associated with deficits in the approach
system.

Thus, depression would be expected to in-
volve unusual functioning in brain regions or
neurotransmitter systems related to reward and
approach. Such unusual functioning could be
evident in several ways. Reward-related brain
regions could exhibit low levels of activation
during anticipation or after receipt of reward.
Regions sensitive to reward magnitude could
fail to respond differently to large and small
rewards. Dopamine function may be dis-
rupted (Drevets, 2001), so that fewer dopa-
mine receptors are present at synapses or less
dopamine is available to bind to those recep-
tors. Finally, areas responsible for the regula-
tion of reward-related regions may exhibit
suboptimal functioning.

Methods

Several neuroscience methods can be em-
ployed to study the neural bases of positive
affect. These include electroencephalography
(EEG), which measures scalp electrical activ-
ity that is reflective of regional brain function,
and examination of brain event-related poten-
tials (ERPs), a method that uses EEG to mea-
sure brain activity in relation to discrete events.
Magnetoencephalography (MEG) measures
magnetic fields generated by brain activation,
allowing 3-dimensional examination of the cor-
tical and subcortical sources of such fields.
EEG, ERP, and MEG all have excellent tem-
poral resolution, making them suited to ques-
tions about the time course of responses.
Localization of function is possible with MEG
but challenging with EEG or ERP, both of
which have poor spatial resolution.
Neuroimaging methods, which allow more
detailed measurement of brain structure and
function, include magnetic resonance imaging
(MRI), positron emission tomography (PET),
and single photon emission computed tomog-
raphy (SPECT). MRIinvolves the use of a large
magnetic field and application of a radiofre-
quency pulse to create images of tissue based
on the resonance of hydrogen nuclei in re-

E. E. Forbes and R. E. Dahl

sponse to the electromagnetic changes. Func-
tional MRI (fMRI) measures neural activation
through the blood—oxygen level dependent re-
sponse, which occurs with neural activity. PET
involves the use of radiotracers, which are com-
pounds labeled with a positron-emitting radio-
isotope (e.g., °0), and an imaging system to
measure brain structure, neural pathways, and
neurotransmitter activity. SPECT is a similar
radiation-based method. Although these meth-
ods have limited temporal resolution, the
combined use of fMRI and EEG or MEG has
provided an effective strategy for measuring the
localization of function in both time and space.

Among affective neuroscience methods,
fMRI is one of the more feasible and ap-
propriate for research with children and ado-
lescents. PET and SPECT are considered
inappropriate for use with children and ado-
lescents because they require exposure to
radiation. fMRI allows the noninvasive char-
acterization of brain activity, provides excel-
lent spatial resolution for identifying relevant
brain regions, and has been used safely and
effectively with children and adolescents, in-
cluding those with psychiatric disorders (Dur-
ston, Tottenham, Thomas, Davidson, Eigsti,
Yang, Ulug, & Casey, 2003; May, Delgado,
Dahl, Stenger, Ryan, Fiez, & Carter, 2004;
McClure, Monk, Nelson, Zarahn, Leibenluft,
Bilder, Charney, Ernst, & Pine, 2004). It also
allows the examination of interactions be-
tween cortical and subcortical regions. Meth-
odological issues to consider when applying
fMRI to the study of affect in children and
adolescents include the challenges of avoid-
ing movement artifact during scanning and
helping participants adjust to scanner noise.
We have found that through training in a sim-
ulator, we are able to address these issues by
helping participants become familiar with the
scanner environment and the tasks they will
be asked to complete.

Developmental Considerations

A developmental psychopathology approach
to early-onset depression requires accounting
for developmental processes integral to affec-
tive disorders. These processes can include a
number of different issues, including parent
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socialization of children’s affect expression,
development of attachment, and development
of the self-system. All of these have been ad-
dressed by other conceptual papers (Cicchetti
& Toth, 1998). To focus on developmental
processes relevant specifically to positive af-
fect in child and adolescent depression, we
address two developmental issues: tempera-
ment and pubertal development. In addition,
we address a third issue related to the devel-
opmental trajectory of early-onset depression:
clinical characteristics and course.

Positive affectivity

Positive affectivity, or temperamental posi-
tive affect, is a potential source of influence
on child and adolescent depression. Temper-
ament refers generally to biologically based
individual differences in behavior and affect
that are stable across time and situation (Gold-
smith, Buss, Plomin, Rothbart, Thomas, Chess,
Hinde, & McCall, 1987). Affective traits are
a key feature of temperament, and several
theoretical models of temperament focus ex-
clusively on affect (Buss, 1995). Most mod-
els include a factor that corresponds to positive
affect, whether it is defined as a single factor
(e.g., Derryberry & Rothbart, 1997; Gold-
smith, 1996) or can be extracted from a com-
bination of several factors that reflect
sociability, activity, and approach (e.g., Buss,
1995; Thomas & Chess, 1977). Temperament
is viewed as an influence on psychological
outcomes (Kagan & Snidman, 1991), but we
note that it is not considered static. Not all
aspects of temperament are expected to be
stable across development, as temperament
can be influenced by factors such as social-
ization experiences, neuronal maturation, and
changes in gene expression (Davidson, 1994;
Fox, Henderson, Rubin, Calkins, & Schmidt,
2001; Kagan, Snidman, Arcus, & Reznick,
1994).

There are multiple routes for association
between temperament and depression, and
no model proposes that low temperamental
positive affect develops clearly or directly into
depression. Consistent with the developmen-
tal psychopathology view of multifinality (see
Cicchetti & Rogosch, 1996), it is critical to
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emphasize that low positive affectivity is
not a deterministic factor. Many possible
outcomes, including depression and healthy
affective functioning, may develop from indi-
vidual differences in positive affectivity. In-
stead, low positive affectivity could be linked
to depression through several routes and in
interaction with other factors. Possible associ-
ations include low positive affectivity as a
vulnerability factor in the development of de-
pression, depression as an extreme point on
the positive affectivity spectrum, and low
positive affectivity as an influence on the phe-
nomenology or course of depression (Clark,
Watson, & Mineka, 1994).

Low positive affectivity has been associ-
ated with depression in studies of children and
adolescents (see Compas, Connor—Smith, &
Jaser, 2004 for a review). This pattern of find-
ings is consistent with the pattern reported in
adults with depression (Klein, Durbin, Shank-
man, & Santiago, 2002). Few studies have
been conducted prospectively, however, and
all have been limited to self-report of both
temperament and depressive symptoms. As
noted by Compas et al. (2004), a theoretical
model for the mechanisms of association be-
tween temperament and depression is needed.
Studies based on such a model will be strength-
ened by use of longitudinal designs and be-
havioral measures.

Pubertal development

Pubertal development is associated with two
changes that are central to the study of depres-
sion in childhood and adolescence. The first
change is the normative increase in reward-
seeking behavior. The second is an increase in
rates of depression, and the emergence of the
gender difference in depression. These changes
occur during adolescence, and they bear on a
conceptualization of reward systems in depres-
sion. On the one hand, both changes can seem
to be paradoxical. Although reward seeking
increases for most adolescents, the increase in
depression suggests that reward-related pro-
cesses shift in the opposite direction for other
adolescents. Although depression rates are
higher in both male and female adolescents
than in children, girls become more likely than
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boys to develop depression during adoles-
cence. On the other hand, both sets of changes
are real and are relevant to a developmental
psychopathology context.

Reward-seeking behavior. Although itis a time
at which the prevalence of depression in-
creases, adolescence is also remarkable for
the sharp increase in reward-related and risk-
taking behavior that occurs. This increase takes
place in domains including substance use, sex-
ual behavior, and accidents (Dahl & Spear,
2004; Steinberg, 2004). Affective intensity, af-
fective lability, and reward responsiveness also
appear to be enhanced during adolescence (Lar-
son, Csikszentmihalyi, & Graef, 1980; Stein-
berg, 2004). Furthermore, these changes in
reward seeking and risk taking are consistent
across species (Spear, 2000).

Developmental changes toward increased
depression but at the same time toward in-
creased reward seeking in adolescence are
seemingly counterintuitive. However, they may
indicate that neural systems underlying re-
ward are undergoing important change during
this period. These systems may be vulnerable
to dysregulation in the form of depression,
even as their responses to rewarding stimuli
are increasing. The difficulties that adoles-
cents experience in tempering reward seeking
with cognition illustrate the possibility that
reward systems are not yet subject to the full
regulatory influence of prefrontal cortical sys-
tems. Namely, despite cognitive understand-
ing of the risks and consequences of various
dangerous activities, adolescents nonetheless
display less mature decision making and con-
sequently engage in such activities (Cauffman
& Steinberg, 2000).

Despite the apparent normative increase in
behavior associated with reward during ado-
lescence, knowledge of the mechanisms of this
developmental change is scant. Neurobiolog-
ical maturation is likely to be a critical influ-
ence on affective and behavioral changes. The
development of brain regions involved in af-
fect regulation, reward processing, and deci-
sion making continues through the late teen
years (Giedd, Blumenthal, Jeffries, Castel-
lanos, Liu, Zijdenbos, Paus, Evans, & Rapo-
port, 1999). It is thus critical to increase
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understanding of changes in reward-related
functioning during adolescence.

The few studies conducted to date that ad-
dress adolescents’ reward processing have sug-
gested that healthy adolescents are similar to
adults in some important ways, including the
brain regions active during rewarding events
(Bjork, Knutson, Fong, Caggiano, Bennett, &
Hommer, 2004; May, Dahl, Stenger, Fissell,
Orr, Ryan, Rogers, & Carter, 2004). But these
studies have also found differences between
adolescents’ and adults’ reward processing. For
instance, while adolescents exhibit similar ac-
tivation in the ventral striatum during a guess-
ing task in which they can win money, they do
not exhibit the caudate activation typical of
adults during this task (May et al., 2004). This
suggests that changes in reward system func-
tioning occur with brain development and
continue into late adolescence. It is likely that
the enhanced reward-seeking behavior evi-
dent during adolescence is reflected in differ-
ences between adolescents’ and adults’ brain
activation. Research is needed to address neu-
ral correlates of typical adolescents’ reward
processing.

Increases in reward-seeking behavior in-
clude the use of rewarding substances. In fact,
altered reward processing has implications for
the development of substance use disorders
(Kelley & Berridge, 2002). Although a review
of the literature on adolescent substance abuse
is beyond the scope of this paper, we note that
substance use disorders and depression are
highly comorbid (Clark, Parker, & Lynch,
1999; Grant, Stinson, Dawson, Chou, Dufour,
Compton, Pickering, & Kaplan, 2004). Fur-
thermore, the dysregulated use of rewarding
substances can create problems that influence
mood (Clark et al., 1999).

Gender differences. In terms of affect, gender
may moderate the relation between pubertal
development and increased negative affect in
depression. A study with depressed and healthy
children and adolescents found that negative
affect, while higher in the depressed group
overall, was especially high in adolescent girls
(Forbes, Williamson, Ryan, & Dahl, 2004). A
worthy consideration for future studies is
whether male and female adolescents exhibit
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different patterns of reward processing during
a depressive episode.

Clinical characteristics and course

Adult-onset depression and depression with
onset in childhood or adolescence differ in
important ways. In fact, differences in neuro-
biological characteristics and treatment re-
sponse between adult-onset depression and
depression with onset in childhood and ado-
lescence have led some scientists to question
whether there are separate subtypes of MDD
(Kaufman, Martin, King, & Charney, 2001).
Such observations lead to questions about the
role of developmental factors in affective pro-
cesses related to the clinical presentation and
course of depression. Specifically, is positive
affect similarly disrupted in early-onset de-
pression and adult-onset depression?

Although clinical course is not itself a de-
velopmental issue, the onset of depression early
in life may have implications for socioemo-
tional development, brain development, and
the development of responses to stress. Many
areas of cognitive and affective functioning
undergo development through adolescence.
Could development in these areas be dis-
rupted by the experience of depression during
childhood or adolescence? For instance, does
depression that occurs during childhood com-
promise the development of affect regulation?

Conversely, changes in affective function-
ing may, in turn, influence the course of de-
pression. Recurrence, chronicity, and duration
of episodes may all vary with developmental
factors such as the effective refinement of af-
fect regulation skills. Troubled parent—child
relationships, abuse, and other chronic stress-
ors could also contribute to the clinical course
of depression. Research on allostatic load, or
the costs of physiological adjustment to chronic
stress, illustrates the ways that depression and
stress responses are intertwined (McEwen,
1998). Chronic stress during childhood is
linked to mental health outcomes, including
depression. However, depression can also serve
as a source of chronic stress, leading to long-
term problems in physical and mental health
(McEwen, 2003).
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The age of onset of depression and the clin-
ical course of the disorder may have implica-
tions for the role of altered positive affect in
depression. There is a dearth of investigations
addressing these issues, however, so we offer
the following questions for consideration. First,
is reduced positive affect more evident in early
episodes than in later episodes of depression?
In a recent study, first-episode but not recur-
rent depression was associated with dimin-
ished response to pleasant stimuli (Nandrino,
Dodin, Martin, & Henniaux, 2004), for in-
stance. There may be an early developmental
sensitivity to disruptions in positive affect, so
that episodes occurring early in the illness in-
volve alterations to positive affect responding,
whereas later episodes do not. Second, and re-
latedly, is low positive affect a more prominent
characteristic of childhood or adolescent de-
pression than of later life depression? An alter-
native explanation for the above finding on
response to pleasant stimuli is that the experi-
ence of recurrent depressive episodes influ-
ences the development of neural systems related
to positive and negative affect. As a result, the
balance of these systems could shift to reflect
the disruption of negative affect rather than pos-
itive affect in episodes that occur later in life.
Third, it is possible that long-term changes in
the regular functioning of positive affect sys-
tems occur with repeated or chronic experi-
ence of depression. In this case, positive affect
during euthymic, symptom-free periods may
also be compromised.

In addition, low positive affect seems to be
a predictor of later depression. One study of
children reported that a combination of low
positive affect and high negative affect pre-
dicted depressive symptoms three years later
(Lee & Rebok, 2002). In studies focusing on
symptoms, anhedonia in children or adoles-
cents with subclinical depression is a particu-
larly important predictor of depression during
adulthood (Pine, Cohen, Cohen, & Brook,
1999; Wilcox & Anthony, 2004). These find-
ings suggest that decreased levels of positive
affect may precede depressive episodes by
years. Conversely, aspects of positive affect
may also play a protective role in young peo-
ple with depression. In adolescent boys with
MDD, positive attributional style predicts
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lower likelihood of recurrence during adult-
hood (Lewinsohn et al., 2000). Depressed ad-
olescents with low levels of pleasurable social
engagement have lower recovery rates 1 year
later (Joiner, Lewinsohn, & Seeley, 2002). Pos-
itive affect, whether absent in the symptom of
anhedonia or present in cognitive style, may
thus be an important prognostic characteristic
of children and adolescents at risk for adult-
onset depression.

Evidence for Altered Positive Affect in
Depression

Below, we provide an overview of findings
relevant to the hypothesis that depression in-
volves alterations in positive affect. Because a
considerable amount of the work in this area
has been conducted with adults, we include a
section on that literature.

Evidence from studies of adults

Research on adults with depression indicates
that they experience decreased subjective pos-
itive affect (Watson, Clark, & Carey, 1988; Wat-
son, Clark, Weber, Assenheimer, Strauss, &
McCormick, 1995). In some cases, adults with
depression exhibit differences in self-reported
positive but not negative affect. For instance,
studies with pleasant and unpleasant pictures
have reported that adults with MDD show a
diminished response to pleasant stimuli (Rot-
tenberg, Kasch, Gross, & Gotlib, 2002; Sloan,
Strauss, Quirk, & Sajatovic, 1997). Adults with
depression also exhibit differences in cogni-
tion and memory in relation to pleasant mate-
rial. They expect to experience fewer positive
future events (Andersen & Limpert, 2001), and
they have poor memory for pleasant stimuli
(Blaney, 1986; Sloan, Strauss, & Wisner, 2001).
They also exhibit poor discrimination accu-
racy for happy facial expressions, tending to
identify them as happy less often than do healthy
adults (Surguladze, Young, Senior, Brebion,
Travis, & Phillips, 2004).

Depressed adults also exhibit unusual af-
fective behavior in pleasant contexts. De-
pressed women display fewer and less intense
facial expressions while viewing pleasant pic-
tures (Sloan et al., 2001), and adults with MDD
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are less facially expressive to pleasant stimuli
(Berenbaum & Oltmanns, 1992). As would be
expected from changes in a system involving
social affiliation, depressed women display less
positive affect during typical interactions with
their family members. During face to face dy-
adic interactions with their infants, depressed
mothers exhibit less positive affect than do
healthy mothers (Cohn & Campbell, 1992).
During routine interactions with family mem-
bers, depressed mothers also exhibit less pos-
itive affect (Hops, Biglan, Sherman, Arthur,
Friedman, & Osteen, 1987).
Psychophysiology studies indicate that
adults with depression display unusual physi-
ologic responses to pleasant stimuli. Dys-
phoric adults fail to show the typical increased
activity in the zygomatic major facial muscle
while viewing pictures of happy faces (Sloan,
Bradley, Dimoulas, & Lang, 2002). A study of
brain ERPs noted that adults with depression
exhibit a slow-wave response to pleasant stim-
uli, indicating a memory bias against pleasant
information (Deldin, Deveney, Kim, Casas, &
Best, 2001). Adults with depression may even
respond to pleasant stimuli as though the stim-
uli are aversive. In a study of affect modula-
tion of the startle eyeblink response, severely
depressed adults displayed increased startle to
pleasant pictures (Allen, Trinder, & Brennan,
1999). This pattern is the opposite of that in
healthy adults, as startle is usually attenuated
during pleasant visual stimuli and potentiated
during unpleasant visual stimuli (Bradley,
Cuthbert, & Lang, 1999). Depressed adults,
as well as infants of depressed mothers,
exhibit decreased left frontal resting EEG
activity (Dawson, Frey, Self, Panagiotides,
Hessl, Yamada, & Rinaldi, 1999; Field, Fox,
Pickens, & Nawrocki, 1995; Henriques & Da-
vidson, 1991). According to the approach—
withdrawal model of frontal asymmetry and
emotion (Davidson et al., 2000; Fox, 1991),
this pattern of asymmetry reflects decreased
activity in the approach motivational system.
Because this motivational system is thought
to encompass behaviors aimed at obtaining
reward, depression is thus linked to physio-
logic characteristics of reduced reward seeking.
Adults’ reward sensitivity appears to be
diminished during depressive states. In stud-
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ies with signal detection tasks involving mon-
etary reward, findings have been consistent
with hypotheses about reward responding
and depression. During conditions in which
correct answers are rewarded, adults with
depression (Henriques & Davidson, 2000),
dysphoria (Henriques, Glowacki, & David-
son, 1994), or elevated depressive symp-
toms (Pizzagalli, Jahn, & O’Shea, 2005) fail
to exhibit response bias. Response bias, or
increased tendency to endorse items as tar-
gets, is evident in healthy adults during re-
ward conditions. Similarly, in another study
employing monetary reward, depressed adults
made fewer responses during a progressive
ratio reinforcement task and consequently
earned less money (Hughes, Pleasants, & Pick-
ens, 1985).

Neuroimaging studies of depression in
adults have indicated disruption in the struc-
ture and function of several reward-related
areas (Drevets, 2001). One pertinent set of
findings is a pattern of increased activation in
ventral brain regions considered important for
emotion perception and the generation of emo-
tional responses (Phillips, Drevets, Rauch, &
Lane, 2003). For example, depressed adults
exhibit increased blood flow in the amygdala
(Drevets, Videen, Price, Preskorn, Carmichael,
& Raichle, 1992) and the ventral striatum
(Mayberg et al., 1999) at rest. During affec-
tive contexts, depressed adults exhibit in-
creased activation in the amygdala in response
to faces with fear expressions (Sheline, Barch,
Donnelly, Ollinger, Snyder, & Mintun, 2001)
and more sustained amygdala activation in re-
sponse to negatively valenced words (Siegle,
Steinhauer, Thase, Stenger, & Carter, 2002).
When viewing facial expressions of happi-
ness, however, adults with depression fail to
display the increased ventral striatal activa-
tion displayed by healthy adults (Lawrence,
Williams, Surguladze, Giampietro, Brammer,
Andrew, Frangou, Ecker, & Phillips, 2004). In
addition, unlike healthy adults, adults with de-
pression do not exhibit a linear increase in
activation in the putamen (part of the stria-
tum) to increasing intensity of happy facial
expressions (Surguladze, Brammer, Keed-
well, Giampietro, Young, Travis, Williams, &
Phillips, 2005).
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Together, studies of adult depression sug-
gest several important considerations for re-
search with depressed children and adolescents.
Subjective, behavioral, and physiologic com-
ponents of positive affect may all be disrupted
with depression. Behavior in both laboratory
and social contexts should be examined for
depression-related diminishment in positive af-
fect. Finally, reward responding as well as be-
havioral displays of positive affect should be
assessed.

Evidence from studies of children and
adolescents

Relatively little is known about positive affect
in child and adolescent depression. Children
and adolescents with depression report re-
duced subjective experiences of positive af-
fect on questionnaire measures (Chorpita et al.,
2000; Joiner & Lonigan, 2000; Lonigan et al.,
1994, 2003) and mood ratings. Low self-
reported positive affect is also related to higher
depressive symptoms in children who do not
have diagnoses of affective disorders (Chor-
pita, 2002; Lonigan, Hooe, David, & Kistner,
1999; Phillips, Lonigan, Driscoll, & Hooe,
2002). In a study in our lab, children and ad-
olescents with depression reported an unusual
pattern of positive affect over time: in the
course of a 3-day assessment, subjective pos-
itive affect declined in the depressed group
but was consistent for the control group (Forbes
et al., 2004). This suggests that the two groups
may have initially found the laboratory envi-
ronment reinforcing or engaging, but that the
depressed group found it less so as the assess-
ment went on. In a preliminary study focusing
on mood ratings in natural settings (Axelson,
Bertocci, Lewin, Trubnick, Birmaher, William-
son, Ryan, & Dahl, 2003), depression was also
associated with lower self-reported positive
affect and social activity.

Few studies have addressed behavior re-
lated to positive affect in childhood and ado-
lescent depression. One valuable line of
research involves the observation of affective
behavior during dyadic parent—child inter-
action. This approach allows the examination
not only of adolescents’ affect but also of
the parent—child relationship and the family
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affective environment. Using this method,
Sheeber and Sorensen (1998) reported that
depressed adolescents and their mothers dis-
play less facilitative behavior, which reflects
less caring, positive communication. A simi-
lar approach involves the observation of
children’s behavior during an affective chal-
lenge. For instance, a study employing a task
in which children were required to wait for
an appealing prize found that for children with
a maternal history of depression, low antici-
patory positive affect was associated with
higher levels of internalizing problems (Silk,
Shaw, Forbes, Lane, & Kovacs, in press).

Another approach is to investigate reward-
related behavior. This direction is a relatively
new one in developmental affective neurosci-
ence; but studies of guessing, gambling, or
decision making suggest that it will be worth-
while. For example, Ernst and colleagues have
developed the wheel of fortune, a paradigm
for investigating reward choice, anticipation,
and outcome. The behavioral data from this
paradigm have been applied to questions about
reward and punishment in early-onset bipolar
disorder (Ernst, Dickstein, Munson, Eshel,
Pradella, Jazbec, Pine, & Leibenluft, 2004)
and have been used successfully in an fMRI
study (Ernst, Nelson, et al., 2004).

Using the reward-contingent decision task
(Rogers, Ramnani, Mackay, Wilson, Jezzard,
Carter, & Smith, 2004; Rogers, Tunbridge,
Bhagwagar, Drevets, Sahakian, & Carter,
2003), which entails choices involving vary-
ing probability and magnitude of reward, we
have examined reward-related decisions in a
high-risk group of 11-year-old boys (Forbes,
Shaw, & Dahl, 2005). We found that reduced
reward-seeking behavior—specifically, fail-
ure to choose an option with a high probabil-
ity of yielding a high-magnitude reward—
was associated with concurrent internalizing
diagnoses. In addition, failure to choose this
high-probability, high-magnitude option pre-
dicted internalizing diagnoses and self-reported
depression 1 year later. We interpret these find-
ings as indicating that reward-related choices
and behavior may play a role not only in cur-
rent depression but in the continuity of de-
pression or the prediction of future depression.
In addition, it is possible that disrupted re-
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ward responsiveness and depression have re-
ciprocal influence, so that the experience of
either may enhance dispositions toward the
other.

Suggested Research Directions

Most studies to date have operationalized pos-
itive affect as self-reported subjective expe-
rience and have obtained data on positive
affect in laboratory settings. As a result, the
literature on positive affect in childhood
and adolescent depression has neglected
behavioral and neural indices of positive
affect. Furthermore, most studies to date have
been conducted without consideration of
developmental issues. We recommend the
examination of four issues: (a) positive af-
fect experienced and expressed in natural
settings, (b) the neural bases of reward pro-
cessing, (c) the relation of phenomenologic
and neural indices of positive affect, and (d)
depression in the context of normative puberty-
related changes in reward seeking. These
approaches will provide the foundation
for obtaining a richer description of posi-
tive affect in childhood and adolescent
depression.

Positive affect in natural settings

A new step toward understanding the phenom-
enology of positive affect in depression in-
volves assessment in natural settings such as
home, school, and peer environments. Find-
ings of traditional studies with self-report mea-
sures administered in the laboratory leave
unanswered, imperative questions about the
relation of such measures to children’s and
adolescents’ true experience. Retrospective re-
ports of subjective experience tend to have
little relation to real-time reports. Rather, ret-
rospective reports reflect factors such as peak
intensity (Redelmeier & Kahneman, 1996),
not overall affective experience. With respect
to positive affect, predicted and retrospective
self-reports tend to be higher than real-time
report (Wirtz, Kruger, Napa Scollon, & Di-
ener, 2003). Because the relevant laboratory
self-report techniques have important limita-
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tions, it is necessary to seek innovative meth-
ods for assessing positive affect.

Focusing on ecologically valid contexts and
measuring behaviors in natural settings can
provide accurate assessments of key aspects
of emotion and motivation that are ex-
tremely difficult to assess in a laboratory set-
ting. When studying positive affect, naturalistic
assessments are valuable for truly capturing
the construct because positive affect includes
motivation to obtain reward and engagement
in pleasant activities, not merely subjective
mood. As suggested by a recent study on amyg-
dala activation in adults who were classified
as behaviorally inhibited as infants (Schwartz,
Wright, Shin, Kagan, & Rauch, 2003), it is
critical to examine the relation between behav-
ioral and neural characteristics of affect. Mea-
surement of positive affect in natural settings
can thus inform investigations of the neural
circuitry of affective disorders. Techniques for
measuring positive affect in real-life settings
also have important applications for examin-
ing treatment effects.

A promising technique for assessing posi-
tive affect in natural settings is experience
sampling or ecological momentary assess-
ment (EMA). With this technique, partici-
pants report on mood and current activities
using mobile technology such as a cellular
phone or PDA. Using EMA, it is possible to
measure mood, reward-seeking behavior, so-
cial activities, and responses to real-life events.
EMA has important differences from short-
term retrospective self-report (Stone, Schwartz,
Neale, Shiffman, Marco, Hickcox, Paty, Por-
ter, & Cruise, 1998), and it has been used to
measure affect in adult psychopathology (Shiff-
man, Gwaltney, Balabanis, Liu, Paty, Kassel,
Hickcox, & Gnys, 2002). Recently, EMA has
been applied successfully to affect in children
and adolescents. A study of school-age chil-
dren reported that those who experience more
intense affect and use less effective affect reg-
ulation strategies have higher depressive symp-
toms (Silk et al., 2003). In a recent study from
our research group, depression in participants
ages 10-17 years was associated with de-
creased peer interactions, increased boredom,
and overall low positive affect (Axelson et al.,
2003).
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The neural bases of reward processing

The neural bases of reward processing have
been examined more consistently in adults than
in children or adolescents. Notably, nearly all
studies of affective processing in depression
have emphasized aversive affective stimuli to
the exclusion of pleasant stimuli. Thus, it is
essential to examine the neural bases of reward-
related behavior in child and adolescent de-
pression. Examining reward processing in
depressed children and adolescents will allow
the generation of hypotheses about the mech-
anisms of pathological affective processing
(Drevets, 2001). For instance, if children and
adolescents with depression exhibit less acti-
vation in the dorsal striatum during the receipt
of reward, it is possible that depression in-
volves abnormal neural detection of reward.
This abnormal detection of reward could then
result in a decreased response after reward is
obtained.

Positive affect, whether defined behavior-
ally or physiologically, has multiple compo-
nents, and it is possible that some but not
others are disrupted in depression. Thus, we
recommend that neuroimaging studies mea-
sure multiple components of positive affect.
Further, it is possible that adult depression
and child or adolescent depression involve
disruption of different processes. For in-
stance, in an ongoing fMRI study, we have
hypothesized, based on behavioral observa-
tion, that anticipation of reward but not re-
sponse to reward outcome is abnormal in
early-onset depression. In contrast, we have
hypothesized that both processes are abnor-
mal in adult depression.

Relation of phenomenological and neural
aspects of positive affect

We recommend the application of multiple,
converging methods, including fMRI, psycho-
physiology, and self-reported affect in natural
settings, as a means to describing the interrela-
tion of multiple aspects of positive affect. The
few efforts to examine associations between
neural and subjective indices indicate that they
are likely to be related to each other (Nitschke,
Nelson, Rusch, Fox, Oakes, & Davidson, 2004)



842

and highlight the value of subjective measures
of affect as a way to ground knowledge about
neural processing of affective information. Al-
though measuring phenomenological and neu-
ral aspects of positive affect, for example, can
provide evidence relevant to the different com-
ponents of affect, combining the two types of
information can forge an important link be-
tween laboratory-observed brain activation and
real affective behavior. Studies of affect using
fMRI have not attempted to validate their find-
ings through assessment of subjective affect
in natural settings, and the possibility of com-
bining the two methods remains an exciting
and innovative step toward describing affect
in depression.

Normative developmental change
in reward seeking

Because a developmental psychopathology ap-
proach requires understanding psychopathol-
ogy within the context of normal development
(Cicchetti, 1993; Sroufe & Rutter, 1984), the
study of altered positive affect in child and
adolescent depression must incorporate the un-
derstanding of normal changes in positive af-
fect. Specifically, reward seeking appears to
be enhanced in healthy adolescents but dimin-
ished in adolescents with depression. Given
the increase in depression that occurs during
adolescence, does depression represent a de-
velopmental pathway in which changes in re-
ward systems occur in an unusual way? The
approach to understanding this issue will re-
quire longitudinal design, careful examina-
tion of reward processing in healthy
adolescents, and examination of both behav-
ioral and neural characteristics of positive
affect.

Treatment Implications

Understanding positive affect in child and ad-
olescent depression may have implications for
developing effective treatments. Targeting an-
hedonia may be particularly important. Be-
cause positive affect includes several processes,
addressing other features related to positive
affect could be critical. Promoting increased
activity level, reducing social withdrawal, and
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increasing pleasant activities may be espe-
cially valuable.

We now consider the value of targeting
alterations of positive affect in psychosocial
treatments for depression. Positive affect may
be enhanced through several treatment ave-
nues for depression, including pharmacother-
apy (Emslie, Heiligenstein, Wagner, Hoog,
Ernest, Brown, Nilsson, & Jacobson, 2002;
Ryan, 2003), but we focus on psychosocial
approaches for several reasons. First, over-
views of the literature on the treatment of
child and adolescent depression emphasize that
both pharmacologic and psychosocial inter-
ventions are recommended (Birmaher, Ryan,
Williamson, Brent, & Kaufman, 1996). The
practice parameters outlined by the American
Association of Child and Adolescent Psychi-
atry state that “psychotherapy is an appropri-
ate treatment for all children and adolescents
with depressive disorders” (Birmaher, Brent,
& Benson, 1998, p. 1234). Second, psycho-
social approaches may be preferred by chil-
dren and caregivers, especially given recent
evidence that treatment with selective seroto-
nin reuptake inhibitors may be associated with
suicidal ideation and behavior (Brent, 2004).
Third, psychosocial treatments allow an ex-
plicit emphasis on increasing activation in pos-
itive affect systems.

Psychosocial treatments that address
positive affect

We propose that focusing specifically on the
positive affect components of depression may
enhance the effectiveness of psychosocial treat-
ments for the disorder. The existing empiri-
cally supported psychosocial treatments for
childhood and adolescent depression include,
to a certain extent, strategies for enhancing
positive affect. Two promising treatments that
have received empirical support (primarily
with adolescents) are cognitive behavioral ther-
apy (CBT) and interpersonal psychotherapy
(IPT). Both emphasize the reduction of de-
pressive symptoms, including depressed mood,
and there is evidence for the value of both
(Brent, Holder, Kolko, Birmaher, Baugher,
Roth, Iyengar, & Johnson, 1997; Clarke, Horn-
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brook, Lynch, Polen, Gale, O’Connor, Seeley,
& Debar, 2002; Clarke, Rohde, Lewinsohn,
Hops, & Seeley, 1999; Mufson, Dorta, Wick-
ramaratne, Nomura, Olfson, & Weissman,
2004).

CBT and IPT differ in their approach to-
ward achieving the goal of reducing depres-
sion. In CBT, which has been employed in
both individual (e.g., Brent et al., 1997) and
group formats (e.g., Clarke et al., 1999) with
children and adolescents, the components of
treatment include cognitive restructuring, be-
havioral activation, problem solving, and
occasionally relaxation training (Clarke, De-
Bar, & Lewinsohn, 2003; Weersing & Brent,
2003). The most obvious way that CBT ad-
dresses enhancement of positive affect is
through the behavioral activation component.
The focus of this component is increasing the
frequency of pleasant activities, as well as the
overall activity level, with the rationale that
increasing the experience of pleasant activi-
ties will both elicit positive affect and re-
inforce the behavior required to participate in
the activities.

IPT, which has been adapted for use with
adolescents (Mufson & Pollack Dorta, 2003),
focuses on the interpersonal context of depres-
sive symptoms by encouraging change in
social behavior (Weissman, Markowitz, &
Klerman, 2000). In IPT, the client and thera-
pist identify a specific interpersonal target area,
such as a transition to a new social role, that is
believed to play a role in the current depres-
sive episode. Based on the problem area iden-
tified, the therapist employs strategies designed
to improve the adolescent’s related relation-
ship functioning. Although IPT does not con-
tain a specific positive affect component, its
encouragement of improved interpersonal re-
latedness, improved relationships, and de-
creased conflict may serve to indirectly target
the decreased social activity and low mood
that occur in depression.

Although positive affect may be increased
through CBT, IPT, or a combination of the
two, it is not an explicit focus of either treat-
ment. There may also be differences in the
extent to which positive affect elements of
treatment are emphasized either in treatment
studies or in actual clinical practice. It will be
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worthwhile for treatment studies to explore
the ways in which these elements can be high-
lighted and whether greater focus on positive
affect improves treatment effectiveness. In ad-
dition, investigations of these treatments could
measure the extent to which positive affect, in
terms of anhedonia, social behavior, or mood,
improves as a result of treatment. Studies of
characteristics that predict response to psycho-
social treatment have been conducted (e.g.,
Brent, Kolko, Birmaher, Baugher, Bridge,
Roth, & Holder, 1998), but these have not
typically included characteristics related to pos-
itive affect.

Although not yet extensively supported
empirically, dialectical behavior therapy (DBT)
is another candidate for a psychosocial treat-
ment to address positive affect. DBT has
recently been adapted for treatment of adoles-
cents with depression and suicidality, and it
appears to be valuable for reducing depressive
symptoms (Katz, Cox, Gunasekara, & Miller,
2004; Robins & Chapman, 2004). DBT is es-
pecially relevant to our conceptual framework
because unlike many other psychosocial treat-
ments, DBT identifies increased positive emo-
tions as a treatment target. DBT was originally
designed as a treatment for borderline person-
ality disorder, a disorder considered to be fun-
damentally characterized by dysregulation of
affect (Linehan, 1993a). DBT adapts CBT, with
other elements, to specific behavioral areas. A
key component of DBT is the teaching of skills
involving self-regulation (Linehan, 1993b). For
skills related to positive affect, patients learn
to increase current pleasant events, work to-
ward long-term goals involving positive af-
fect, and apply mindfulness techniques to
positive affect. The application of DBT to ad-
olescents includes a family therapy compo-
nent (Miller, Glinski, Woodberry, Mitchell, &
Indik, 2002; Woodberry, Miller, Glinski, In-
dik, & Mitchell, 2002). Studies of DBT in this
age group have focused on adolescents with
depression, suicidality, and borderline person-
ality characteristics (Katz et al., 2004; Rathus
& Miller, 2002). The reported reductions in
depressive symptoms in these treatment stud-
ies indicate that DBT could be worthwhile for
use with children and adolescents with MDD
alone.
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Long-term implications of targeting

positive affect?

Positive affect may also be critical to efforts to
reduce recurrence. Adults’ reduced response to
pleasant stimuli is associated with poor recov-
ery from a depressive episode (Rottenberg et al.,
2002). Low self-reported activity in the behav-
ioral activation system, which is related to re-
ward motivation, also predicts poor outcome
in depressed adults (Kasch, Rottenberg, Ar-
now, & Gotlib, 2002). A similar phenomenon
may exist with depressed children and adoles-
cents who exhibit low levels of positive affect.
If positive affect can be successfully enhanced
through treatment, there could be implications
for length of episode, likelihood of recurrence,
and chronicity of depressed mood.

Family factors

Because positive affect is especially relevant
to social behavior and because parents play
an important role in children’s and adoles-
cents’ affect regulation, it is worth consider-
ing whether psychosocial interventions should
also involve family members. For instance,
in a preventive intervention with children of
depressed parents, change in parents was as-
sociated with benefits to children’s function-
ing (Beardslee, Gladstone, Wright, & Cooper,
2003). Family environment and parent—child
relationships may thus be a fruitful focus of
treatments. Treatments for adolescent depres-
sion have addressed this issue by including
parent psychoeducation components (e.g.,
Brent, Poling, McKain, & Baugher, 1993) or
encouraging parent participation in some of
the adolescent’s psychotherapy sessions (e.g.,
Mufson & Pollack Dorta, 2003).

Early-onset depression tends to involve high
rates of depression in family members, and
children and adolescents who are depressed
are therefore likely to have a parent with a
depressive disorder (Beardslee, Versage, &
Gladstone, 1998; Downey & Coyne, 1990). In
addition to providing treatment for the family,
assessing and treating parent depression may
be a useful adjunct to treatment for depression
in children and adolescents.

A related and essential public health issue
is that the proportion of children and adoles-
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cents with depression who receive treatment
is low (Coyle et al., 2003; Olfson, GamerofTf,
Marcus, & Waslick, 2003). Although effective
treatments have been developed, the treat-
ments applied to children and adolescents with
depression in the community are not consis-
tently tailored developmentally or provided
by psychotherapists with training in the needs
of young populations (Compton, Burns, Eg-
ger, & Robertson, 2002; Coyle et al., 2003).
For positive affect considerations to have im-
pact on the treatment of depression in young
people, it will be critical to improve the deliv-
ery of the current psychosocial treatments.

Summary and Conclusions

We have proposed a conceptual framework for
examining the neurobehavioral aspects of al-
terations of positive affect in child and adoles-
cent depression. Changes in positive affect are
not the entire story behind depression, but the
consideration of those changes from an affec-
tive neuroscience perspective is relevant to ad-
vancing knowledge of the developmental
psychopathology of depression. The proposed
framework provides a starting point for gen-
erating and testing hypotheses, and it has the
potential to provide a more mechanistic under-
standing of depression that occurs early in life.
In addition, this framework has implications for
treatment and early intervention efforts. Be-
havioral and physiological evidence supports
the claim that alterations in positive affect sys-
tems are critical to depression, but additional
work is also needed to examine the relation be-
tween positive affect systems and depression
in greater detail. Finally, the conceptual frame-
work detailed in this paper hopefully can serve
as an example of moving beyond a general “af-
fect dysregulation” model. Instead, the goal of
research on the affective characteristics of de-
pression can be revised to focus on alterations
in specific components of affective processes
and their underlying neural systems within a
developmental psychopathology framework.
Ideally, this approach can also be applied to other
affective disorders. We hope that progress in
such mechanistic understanding will ultimately
inform intervention and prevention strategies
for a variety of disorders.



Positive affect and depression

References

Allen, N. B., & Badcock, P. B. T. (2003). The social risk
hypothesis of depressed mood: Evolutionary, psycho-
social, and neurobiological perspectives. Psychologi-
cal Bulletin, 129, 1-28.

Allen, N. B., Trinder, J., & Brennan, C. (1999). Affective
startle modulation in clinical depression: Preliminary
findings. Biological Psychiatry, 46, 542-550.

American Psychiatric Association. (2000). Diagnostic and
statistical manual of mental disorders—Text revision
(4th ed.). Washington, DC: Author.

Andersen, S. M., & Limpert, C. (2001). Future-event sche-
mas: Automaticity and rumination in major depres-
sion. Cognitive Therapy and Research, 25, 311-333.

Axelson, D., Bertocci, M. A., Lewin, D. S., Trubnick,
L. S., Birmaher, B., Williamson, D. E., Ryan, N. D., &
Dahl, R. E. (2003). Measuring mood and complex
behavior in natural environments: Use of ecological
momentary assessment in pediatric disorders. Journal
of Child and Adolescent Psychopharmacology, 13,
253-266.

Baxter, M. G., & Murray, E. A. (2002). The amygdala and
reward. Nature Reviews: Neuroscience, 3, 563-573.

Beardslee, W. R., Gladstone, T. R., Wright, E. J., & Coo-
per, A. B. (2003). A family-based approach to the
prevention of depressive symptoms in children at risk:
Evidence of parental and child change. Pediatrics,
112, e119-131.

Beardslee, W. R., Versage, E. M., & Gladstone, T. R.
(1998). Children of affectively ill parents: A review of
the past 10 years. Journal of the American Academy
of Child and Adolescent Psychiatry, 37, 1134—1141.

Berenbaum, H., & Oltmanns, T. F. (1992). Emotional
experience and expression in schizophrenia and de-
pression. Journal of Abnormal Psychology, 101, 37-44.

Berridge, K. C., & Robinson, T. E. (2003). Parsing re-
ward. Trends in Neurosciences, 26, 507-513.

Birmaher, B., Brent, D. A., & Benson, R. S. (1998). Sum-
mary of the practice parameters for the assessment
and treatment of children and adolescents with depres-
sive disorders. Journal of the American Academy of
Child and Adolescent Psychiatry, 37, 1234-1238.

Birmaher, B., Ryan, N., Williamson, D. E., Brent, D. A.,
& Kaufman, J. (1996). Childhood and adolescent de-
pression: A review of the past 10 years. Part II. Jour-
nal of the American Academy of Child and Adolescent
Psychiatry, 35, 1575-1583.

Bjork, J., Knutson, B., Fong, G., Caggiano, D., Bennett,
S., & Hommer, D. (2004). Incentive-elicited brain
activation in adolescents: Similarities and differences
from young adults. Journal of Neuroscience, 24,
1793-1802.

Blaney, P. H. (1986). Affect and memory: A review. Psy-
chological Bulletin, 99, 229-246.

Bradley, M. M., Cuthbert, B. N., & Lang, P. I. (1999).
Affect and the startle reflex. In M. E. Dawson, A. M.
Schell, & A. H. Bohmelt (Eds.), Startle modification:
Implications for neuroscience, cognitive science, and
clinical science (pp. 157-183). New York: Cam-
bridge University Press.

Brent, D. A. (2004). Antidepressants and pediatric
depression—The risk of doing nothing. New England
Journal of Medicine, 351, 1598-1601.

Brent, D. A., Holder, D., Kolko, D., Birmaher, B., Baugher,
M., Roth, C., Iyengar, S., & Johnson, B. A. (1997). A
clinical psychotherapy trial for adolescent depression

845

comparing cognitive, family, and supportive therapy.
Archives of General Psychiatry, 54, 877-885.

Brent, D. A., Kolko, D. J., Birmaher, B., Baugher, M.,
Bridge, J., Roth, C., & Holder, D. (1998). Predictors
of treatment efficacy in a clinical trial of three psy-
chosocial treatments for adolescent depression. Jour-
nal of the American Academy of Child and Adolescent
Psychiatry, 37, 906-914.

Brent, D. A., Perper, J. A., Moritz, G., Allman, C., Friend,
A., Roth, C., Schweers, J., Balach, L., & Baugher, M.
(1993). Psychiatric risk factors for adolescent suicide:
A case—control study. Journal of the American Acad-
emy of Child and Adolescent Psychiatry, 32, 521-529.

Brent, D. A., Poling, K., McKain, B., & Baugher, M.
(1993). A psychoeducational program for families of
affectively ill children and adolescents. Journal of the
American Academy of Child and Adolescent Psychia-
try, 32, 770-774.

Buss, A. H. (1995). Personality: Temperament, social
behavior, and the self. Boston, MA: Allyn & Bacon.

Campos, J. J., Frankel, C. B., & Camras, L. (2004). On the
nature of emotion regulation. Child Development, 75,
377-394.

Campos, J. J., Mumme, D. L., Kermoian, R., & Campos,
R. (1994). A functionalist perspective on the nature of
emotion. Monographs of the Society for Research in
Child Development 59(Nos. 2-3, Serial No. 240),
284-303.

Cauffman, E., & Steinberg, L. (2000). (Im)maturity of
judgment in adolescence: Why adolescents may be
less culpable than adults. Behavioral Science and Law,
18, 741-760.

Chorpita, B. F. (2002). The tripartite model and dimen-
sions of anxiety and depression: An examination of
structure in a large school sample. Journal of Abnor-
mal Child Psychology, 30, 177-190.

Chorpita, B. F.,, Plummer, C. M., & Moffitt, C. E. (2000).
Relations of tripartite dimensions of emotion to child-
hood anxiety and mood disorders. Journal of Abnor-
mal Child Psychology, 28, 299-310.

Cicchetti, D. (1993). Developmental psychopathology:
Reactions, reflections, projections. Developmental Re-
view, 13, 471-502.

Cicchetti, D., & Rogosch, F. A. (1996). Equifinality and
multifinality in developmental psychopathology. De-
velopment and Psychopathology, 8, 597-600.

Cicchetti, D., & Toth, S. L. (1998). The development of
depression in children and adolescents. American Psy-
chologist, 53, 221-241.

Clark, D. B., Parker, A. M., & Lynch, K. G. (1999).
Psychopathology and substance-related problems dur-
ing early adolescence: A survival analysis. Journal of
Clinical Child Psychology, 28, 333-341.

Clark, L. A., & Watson, D. (1991). Tripartite model of
anxiety and depression: Psychometric evidence and
taxonomic implications. Journal of Abnormal Psychol-
ogy, 100, 316-336.

Clark, L. A., Watson, D., & Mineka, S. (1994). Tempera-
ment, personality, and the mood and anxiety disor-
ders. Journal of Abnormal Psychology, 103, 103—116.

Clarke, G. N., DeBar, L. L., & Lewinsohn, P. M. (2003).
Cognitive—behavioral group treatment for adolescent
depression. In A. E. Kazdin & J. R. Weisz (Eds.),
Evidence-based psychotherapies for children and ad-
olescents (pp. 120—134). New York: Guilford Press.



846

Clarke, G. N., Hornbrook, M., Lynch, F., Polen, M., Gale,
J., O’Connor, E., Seeley, J. R., & Debar, L. (2002).
Group cognitive—behavioral treatment for depressed
adolescent offspring of depressed parents in a health
maintenance organization. Journal of the American
Academy of Child and Adolescent Psychiatry, 41,
305-313.

Clarke, G. N., Rohde, P., Lewinsohn, P. M., Hops, H., &
Seeley, J. R. (1999). Cognitive-behavioral treatment
of adolescent depression: Efficacy of acute group treat-
ment and booster sessions. Journal of the American
Academy of Child and Adolescent Psychiatry, 38,
272-279.

Cohn, J. F,, & Campbell, S. B. (1992). Influence of ma-
ternal depression on infant affect regulation. In D.
Cicchetti & S. L. Toth (Eds.), Rochester symposium
on developmental psychopathology: Developmental
perspectives on depression (Vol. 4, pp. 103-130).
Rochester, NY: University of Rochester Press.

Cole, P. M., Martin, S. E., & Dennis, T. A. (2004). Emo-
tion regulation as a scientific construct: Methodolog-
ical challenges and directions for child development
research. Child Development, 75, 317-333.

Compas, B. E., Connor-Smith, J., & Jaser, S. S. (2004).
Temperament, stress reactivity, and coping: Implica-
tions for depression in childhood and adolescence.
Journal of Clinical Child and Adolescent Psychology,
33,21-31.

Compton, S. N., Burns, B. J., Egger, H. L., & Robertson,
E. (2002). Review of the evidence base for treatment
of childhood psychopathology: Internalizing disor-
ders. Journal of Consulting and Clinical Psychology,
70, 1240-1266.

Costello, E. J., Angold, A., & Keeler, G. P. (1999). Ado-
lescent outcomes of childhood disorders: The conse-
quences of severity and impairment. Journal of the
American Academy of Child and Adolescent Psychia-
try, 38, 121-128.

Coyle, J. T., Pine, D. S., Charney, D. S., Lewis, L., Nem-
eroff, C. B., Carlson, G. A., Joshi, P. T., Reiss, D.,
Todd, R. D., Hellander, M., & The Depression and
Bipolar Support Alliance Consensus Development
Panel. (2003). Depression and Bipolar Support Alli-
ance Consensus statement on the unmet needs in di-
agnosis and treatment of mood disorders in children
and adolescents. Journal of the American Academy of
Child and Adolescent Psychiatry, 42, 1494-1503.

Dahl, R. E., & Spear, L. P. (2004). Adolescent brain de-
velopment. Annals of the New York Academy of Sci-
ences, 1021, 1-22.

Dalgleish, T. (2004). The emotional brain. Nature Re-
views: Neuroscience, 5, 583-589.

Davidson, R. . (1994). Asymmetric brain function, affec-
tive style, and psychopathology: The role of early
experience and plasticity. Development and Psycho-
pathology, 6, 741-758.

Davidson, R. J., Jackson, D. C., & Kalin, N. H. (2000).
Emotion, plasticity, context, and regulation: Perspec-
tives from affective neuroscience. Psychological Bul-
letin, 126, 890-909.

Dawson, G., Frey, K., Self, J., Panagiotides, H., Hessl, D.,
Yamada, E., & Rinaldi, J. (1999). Frontal brain elec-
trical activity in infants of depressed and nonde-
pressed mothers: Relation to variations in infant
behavior. Development and Psychopathology, 11,
589-605.

Deldin, P. J., Deveney, C. M., Kim, A. S., Casas, B.R., &
Best, J. L. (2001). A slow wave investigation of work-

E. E. Forbes and R. E. Dahl

ing memory biases in mood disorders. Journal of Ab-
normal Psychology, 110, 267-281.

Delgado, M. R., Locke, H. M., Stenger, V. A., & Fiez,
J. A. (2003). Dorsal striatum responses to reward and
punishment: Effects of valence and magnitude manip-
ulations. Cognitive, Affective, and Behavioral Neuro-
science, 3, 27-38.

Delgado, M. R., Nystrom, L. E., Fissell, C., Noll, D. C.,
& Fiez, J. A. (2000). Tracking the hemodynamic re-
sponses to reward and punishment in the striatum.
Journal of Neurophysiology, 84, 3072-3077.

Depue, R. A., & Tacono, W. G. (1989). Neurobehavioral
aspects of affective disorders. Annual Review of Psy-
chology, 40, 457-492.

Derryberry, D., & Rothbart, M. K. (1997). Reactive and
effortful processes in the organization of tempera-
ment. Development and Psychopathology, 9, 633—652.

Downey, G., & Coyne, J. C. (1990). Children of de-
pressed parents: An integrative review. Psychological
Bulletin, 108, 50-76.

Drevets, W. C. (2001). Neuroimaging and neuropatholog-
ical studies of depression: Implications for the cognitive—
emotional features of mood disorders. Current Opinion
in Neurobiology, 11, 240-249.

Drevets, W. C., Gautier, C., Price, J. C., Kupfer, D. J.,
Kinahan, P. E., Grace, A. A., Price, J. L., & Mathis,
C. A. (2001). Amphetamine-induced dopamine re-
lease in human ventral striatum correlates with eupho-
ria. Biological Psychiatry, 49, 81-96.

Drevets, W. C., Videen, T. O., Price, J. L., Preskorn, S. H.,
Carmichael, S. T., & Raichle, M. E. (1992). A func-
tional anatomical study of unipolar depression. Jour-
nal of Neuroscience, 12, 3628-3641.

Durston, S., Tottenham, N. T., Thomas, K. M., Davidson,
M. C., Eigsti, I. M., Yang, Y., Ulug, A. M., & Casey,
B. J. (2003). Differential patterns of striatal activation
in young children with and without ADHD. Biologi-
cal Psychiatry, 53, 871-878.

Eisenberg, N., Cumberland, A., Spinrad, T. L., Fabes,
R. A., Shepard, S. A., Reiser, M., Murphy, B. C.,
Losoya, S. H., & Guthrie, 1. K. (2001). The relations
of regulation and emotionality to children’s external-
izing and internalizing problem behavior. Child De-
velopment, 72, 1112-1134.

Elliott, R., Newman, J. L., Longe, O. A., & Deakin, J. F.
(2003). Differential response patterns in the striatum
and orbitofrontal cortex to financial reward in hu-
mans: A parametric functional magnetic resonance
imaging study. Journal of Neuroscience, 23, 303-307.

Elliott, R., Newman, J. L., Longe, O. A., & William
Deakin, J. F. (2004). Instrumental responding for re-
wards is associated with enhanced neuronal response
in subcortical reward systems. Neurolmage, 21,
984-990.

Elliott, R., Rubinsztein, J. S., Sahakian, B. J., & Dolan,
R.J. (2002). The neural basis of mood-congruent pro-
cessing biases in depression. Archives of General Psy-
chiatry, 59, 597-604.

Emslie, G. J., Heiligenstein, J. H., Wagner, K. D., Hoog,
S. L., Ernest, D. E., Brown, E., Nilsson, M., & Jacob-
son, J. G. (2002). Fluoxetine for acute treatment of
depression in children and adolescents: A placebo-
controlled, randomized clinical trial. Journal of the
American Academy of Child and Adolescent Psychia-
try, 41, 1205-1215.

Ernst, M., Dickstein, D. P., Munson, S., Eshel, N., Pradella,
A., Jazbec, S., Pine, D. S., & Leibenluft, E. (2004).
Reward-related processes in pediatric bipolar disor



Positive affect and depression

der: A pilot study. Journal of Affective Disorders, 82,
S89-S101.

Ernst, M., Nelson, E. E., McClure, E. B., Monk, C. S.,
Munson, S., Eshel, N., Zarahn, E., Leibenluft, E.,
Zametkin, A., Towbin, K., Blair, J., Charney, D., &
Pine, D. S. (2004). Choice selection and reward an-
ticipation: An fMRI study. Neuropsychologia, 42,
1585-1597.

Field, T., Fox, N. A., Pickens, J., & Nawrocki, T. (1995).
Relative right frontal EEG activation in 3- to 6-month-
old infants of “depressed” mothers. Developmental
Psychology, 31, 358-363.

Forbes, E. E., Shaw, D. S., & Dahl, R. E. (2005). Alrer-
ations in reward-related decision making in boys with
current and future internalizing disorders. Manu-
script submitted for publication.

Forbes, E. E., Williamson, D. E., Ryan, N. D., & Dahl,
R. E. (2004). Positive and negative affect in depres-
sion: Influence of sex and puberty. Annals of the New
York Academy of Sciences, 1021, 341-347.

Fowles, D. C. (1988). Psychophysiology and psychopa-
thology: A motivational approach. Psychophysiology,
25,373-391.

Fox, N. A. (1991). If it’s not left, it’s right: Electroenceph-
alograph asymmetry and the development of emotion.
American Psychologist, 46, 863—-872.

Fox, N. A., Henderson, H. A., Rubin, K. H., Calkins,
S. D., & Schmidt, L. A. (2001). Continuity and dis-
continuity of behavioral inhibition and exuberance:
Psychophysiological and behavioral influences across
the first four years of life. Child Development, 72,
1-21.

Frijda, N. (1986). The emotions. New York: Cambridge
University Press.

Garber, J., Braafladt, N., & Weiss, B. (1995). Affect reg-
ulation in depressed and nondepressed children and
young adolescents. Development and Psychopathol-
ogy, 7, 93-115.

Geller, B., Zimerman, B., Williams, M., Bolhofner, K., &
Craney, J. L. (2001). Bipolar disorder at prospective
follow-up of adults who had prepubertal major depres-
sive disorder. American Journal of Psychiatry, 158,
125-127.

Giedd, J. N., Blumenthal, J., Jeffries, N. O., Castellanos,
F. X., Liu, H., Zijdenbos, A., Paus, T., Evans, A. C., &
Rapoport, J. L. (1999). Brain development during child-
hood and adolescence: A longitudinal MRI study. Na-
ture Neuroscience, 2, 861-863.

Glied, S., & Pine, D. S. (2002). Consequences and corre-
lates of adolescent depression. Archives of Pediatric
and Adolescent Medicine, 156, 1009-1014.

Goldsmith, H. (1996). Studying temperament via con-
struction of the Toddler Behavior Assessment Ques-
tionnaire. Child Development, 67, 218-235.

Goldsmith, H., Buss, A. H., Plomin, R., Rothbart, M. K.,
Thomas, A., Chess, S., Hinde, R. A., & McCall, R. B.
(1987). Roundtable: What is temperament? Four ap-
proaches. Child Development, 58, 505-529.

Gottfried, J. A., O’Doherty, J., & Dolan, R. J. (2003).
Encoding predictive reward value in human amygdala
and orbitofrontal cortex. Science, 301, 1104-1107.

Grant, B. F., Stinson, F. S., Dawson, D. A., Chou, S. P,,
Dufour, M. C., Compton, W., Pickering, R. P., & Ka-
plan, K. (2004). Prevalence and co-occurrence of sub-
stance use disorders and independent mood and anxiety
disorders: Results from the National Epidemiologic
Survey on Alcohol and Related Conditions. Archives
of General Psychiatry, 61, 807-816.

847

Gray, J. (1990). Brain systems that mediate both emotion
and cognition. Cognition and Emotion, 4, 269-288.

Gross, J. J., & Muiioz, R. (1995). Emotion regulation and
mental health. Clinical Psychology: Science and Prac-
tice, 2, 151-164.

Henriques, J. B., & Davidson, R. J. (1991). Left frontal
hypoactivation in depression. Journal of Abnormal
Psychology, 100, 535-545.

Henriques, J. B., & Davidson, R. J. (2000). Decreased
responsiveness to reward in depression. Cognition and
Emotion, 14, 711-724.

Hops, H., Biglan, A., Sherman, L., Arthur, J., Friedman,
L., & Osteen, V. (1987). Home observations of family
interactions of depressed women. Journal of Consult-
ing and Clinical Psychology, 55, 341-346.

Hughes, J. R., Pleasants, C. N., & Pickens, R. W. (1985).
Measurement of reinforcement in depression: A pilot
study. Journal of Behavior Therapy and Experimental
Psychiatry, 16, 231-236.

Joiner, T. E., Jr., Lewinsohn, P. M., & Seeley, J. R. (2002).
The core of loneliness: Lack of pleasurable engage-
ment—more so than painful disconnection—predicts
social impairment, depression onset, and recovery from
depressive disorders among adolescents. Journal of
Personality Assessment, 79, 472—491.

Joiner, T. E., Jr., & Lonigan, C. J. (2000). Tripartite model
of depression and anxiety in youth psychiatric inpa-
tients: Relations with diagnostic status and future symp-
toms. Journal of Clinical Child Psychology, 29,
372-382.

Kagan, J., & Snidman, N. (1991). Infant predictors of
inhibited and uninhibited profiles. Psychological Sci-
ence, 2, 40—-44.

Kagan, J., Snidman, N., Arcus, D., & Reznick, J. S. (1994).
Galen’s prophecy: Temperament in human nature. New
York: Basic Books.

Kasch, K. L., Rottenberg, J., Arnow, B. A., & Gotlib, I. H.
(2002). Behavioral activation and inhibition systems
and the severity and course of depression. Journal of
Abnormal Psychology, 111, 589-597.

Katz, L. Y., Cox, B. J., Gunasekara, S., & Miller, A. L.
(2004). Feasibility of dialectical behavior therapy for
suicidal adolescent inpatients. Journal of the Ameri-
can Academy of Child and Adolescent Psychiatry, 43,
276-282.

Kaufman, J., Martin, A., King, R. A., & Charney, D.
(2001). Are child-, adolescent-, and adult-onset de-
pression one and the same disorder? Biological Psy-
chiatry, 49, 980-1001.

Kelley, A. E. (2004). Ventral striatal control of appetitive
motivation: Role in ingestive behavior and reward-
related learning. Neuroscience and Biobehavioral Re-
views, 27, 765-776.

Kelley, A. E., & Berridge, K. C. (2002). The neuroscience
of natural rewards: Relevance to addictive drugs. Jour-
nal of Neuroscience, 22, 3306-3311.

Kessler, R. C., Avenevoli, S., & Merikangas, K. (2001).
Mood disorders in children and adolescents: An epi-
demiologic perspective. Biological Psychiatry, 49,
1002-1014.

Kessler, R. C., & Walters, E. E. (1998). Epidemiology of
DSM-III-R major depression and minor depression
among adolescents and young adults in the national
comorbidity survey. Depression and Anxiety, 7, 3—14.

Klein, D. N., Durbin, C. E., Shankman, S. A., & Santiago,
N.J. (2002). Depression and personality. In I. H. Gotlib
& C. Hammen (Eds.), Handbook of depression and its
treatment (pp. 115-140). New York: Guilford Press.



848

Knutson, B., Fong, G. W., Adams, C. M., Varner, J. L., &
Hommer, D. (2001). Dissociation of reward anticipa-
tion and outcome with event-related fMRI. NeuroRe-
port, 12, 3683-3687.

Knutson, B., Fong, G. W., Bennett, S. M., Adams, C. M.,
& Hommer, D. (2003). A region of mesial prefrontal
cortex tracks monetarily rewarding outcomes: Char-
acterization with rapid event-related fMRI. Neurolm-
age, 18, 263-272.

Koepp, M. J., Gunn, R. N., Lawrence, A. D., Cunningham,
V., Dagher, A., Jones, T., Brooks, D. J., Bench, C. J.,
& Grasby, P. M. (1998). Evidence for striatal dopa-
mine release during a video game. Nature, 393,266-268.

Kovacs, M., Akiskal, H. S., Gatsonis, C., & Parrone, P. L.
(1994). Childhood-onset dysthymic disorder. Clinical
features and prospective naturalistic outcome. Ar-
chives of General Psychiatry, 51, 365-374.

Kovacs, M., Gatsonis, C., Paulauskas, S. L., & Richards,
C. (1989). Depressive disorders in childhood. IV. A
longitudinal study of comorbidity with and risk for
anxiety disorders. Archives of General Psychiatry, 46,
776-782.

Larson, R., Csikszentmihalyi, M., & Graef, R. (1980). Mood
variability and the psychosocial adjustment of adoles-
cents. Journal of Youth and Adolescence, 9, 469—490.

Lawrence, N. S., Williams, A. M., Surguladze, S., Giampi-
etro, V., Brammer, M. J., Andrew, C., Frangou, S., Ecker,
C., & Phillips, M. L. (2004). Subcortical and ventral
prefrontal cortical neural responses to facial expres-
sions distinguish patients with bipolar disorder and ma-
jor depression. Biological Psychiatry, 55, 578-587.

Lee, L., & Rebok, G. W. (2002). Anxiety and depression
in children: A test of the positive-negative affect model.
Journal of the American Academy of Child and Ado-
lescent Psychiatry, 41, 419—-426.

Leibenluft, E., Charney, D. S., & Pine, D. S. (2003).
Researching the pathophysiology of pediatric bipolar
disorder. Biological Psychiatry, 53, 1009—1020.

Lewinsohn, P. M., Hoberman, H. M., Teri, L., & Hautz-
inger, M. (1985). An integrative theory of unipolar
depression. In S. Reiss & R. R. Bootzin (Eds.), Theo-
retical issues in behavioral therapy (pp. 313-359).
New York: Academic Press.

Lewinsohn, P. M., Rohde, P., Klein, D. N., & Seeley, J. R.
(1999). Natural course of adolescent major depressive
disorder: I. Continuity into young adulthood. Journal
of the American Academy of Child and Adolescent
Psychiatry, 38, 56—63.

Lewinsohn, P. M., Rohde, P., & Seeley, J. R. (1998).
Major depressive disorder in older adolescents: Prev-
alence, risk factors, and clinical implications. Clinical
Psychology Review, 18, 765-794.

Lewinsohn, P. M., Rohde, P., Seeley, J. R., Klein, D. N., &
Gotlib, I. H. (2000). Natural course of adolescent ma-
jor depressive disorder in a community sample: Pre-
dictors of recurrence in young adults. American Journal
of Psychiatry, 157, 1584—1591.

Lewinsohn, P. M., Rohde, P., Seeley, J. R., Klein, D. N., &
Gotlib, I. H. (2003). Psychosocial functioning of young
adults who have experienced and recovered from ma-
jor depressive disorder during adolescence. Journal
of Abnormal Psychology, 112, 353-363.

Linehan, M. M. (1993a). Cognitive-behavioral treatment
of borderline personality disorder. New York: Guil-
ford Press.

Linehan, M. M. (1993b). Skills training manual for treat-
ing borderline personality disorder. New York: Guil-
ford Press.

E. E. Forbes and R. E. Dahl

Ljungberg, T., Apicella, P., & Schultz, W. (1992). Re-
sponses of monkey dopamine neurons during learning
of behavioral reactions. Journal of Neurophysiology,
67, 145-163.

Lonigan, C.J., Carey, M. P., & Finch, A. J., Jr. (1994). Anx-
iety and depression in children and adolescents: Neg-
ative affectivity and the utility of self-reports. Journal
of Consulting and Clinical Psychology, 62,1000-1008.

Lonigan, C. J., Hooe, E. S., David, C. F,, & Kistner, J. A.
(1999). Positive and negative affectivity in children:
Confirmatory factor analysis of a two-factor model
and its relation to symptoms of anxiety and depres-
sion. Journal of Consulting and Clinical Psychology,
67, 374-386.

Lonigan, C. J., Phillips, B. M., & Hooe, E. S. (2003).
Relations of positive and negative affectivity to anx-
iety and depression in children: Evidence from a la-
tent variable longitudinal study. Journal of Consulting
and Clinical Psychology, 71, 465—481.

May, J. C., Dahl, R. E., Stenger, V. A., Fissell, K., Orr,
J. M., Ryan, N., Rogers, R. D., & Carter, C. S. (2004).
Effects of development and mood disorders on brain
activity associated with reward-contingent decision-
making measured using event-related fMRI. Annual
Meeting of the Cognitive Neuroscience Society. San
Francisco, CA.

May, J. C., Delgado, M. R., Dahl, R. E., Stenger, V. A.,
Ryan, N. D., Fiez, J. A., & Carter, C. S. (2004). Event-
related functional magnetic resonance imaging of
reward-related brain circuitry in children and adoles-
cents. Biological Psychiatry, 55, 359-366.

Mayberg, H. S., Liotti, M., Brannan, S. K., McGinnis, S.,
Mabhurin, R. K., Jerabek, P. A., Silva, J. A., Tekell, J. L.,
Martin, C. C., Lancaster, J. L., & Fox, P. T. (1999).
Reciprocal limbic—cortical function and negative mood:
Converging PET findings in depression and normal sad-
ness. American Journal of Psychiatry, 156, 675—682.

McClure, E. B., Monk, C. S., Nelson, E. E., Zarahn, E.,
Leibenluft, E., Bilder, R. M., Charney, D. S., Ernst, M.,
& Pine, D. S. (2004). A developmental examination of
gender differences in brain engagement during evalu-
ation of threat. Biological Psychiatry, 55, 1047-1055.

McEwen, B. S. (1998). Stress, adaptation, and disease.
Allostasis and allostatic load. Annals of the New York
Academy of Sciences, 840, 33—44.

McEwen, B. S. (2003). Early life influences on life-long
patterns of behavior and health. Mental Retardation
and Developmental Disabilities Research Review, 9,
149-154.

Meunier, M., Bachevalier, J., & Mishkin, M. (1997). Ef-
fects of orbital frontal and anterior cingulate lesions
on object and spatial memory in rhesus monkeys.
Neuropsychologia, 35, 999-1015.

Miller, A. L., Glinski, J., Woodberry, K. A., Mitchell,
A. G., & Indik, J. (2002). Family therapy and dialec-
tical behavior therapy with adolescents. Part II: Pro-
posing a clinical synthesis. American Journal of
Psychotherapy, 56, 568—584.

Mufson, L., Dorta, K. P., Wickramaratne, P., Nomura, Y.,
Olfson, M., & Weissman, M. M. (2004). A random-
ized effectiveness trial of interpersonal psychother-
apy for depressed adolescents. Archives of General
Psychiatry, 61, 577-584.

Mufson, L., & Pollack Dorta, K. (2003). Interpersonal
psychotherapy for depressed adolescents. In A. E. Ka-
zdin & J. R. Weisz (Eds.), Evidence-based psychother-
apies for children and adolescents (pp. 148-164). New
York: Guilford Press.



Positive affect and depression

Murray, C. J. L., & Lopez, A. D. (1996). World health
organization monograph. Geneva: World Health
Organization.

Nandrino, J. L., Dodin, V., Martin, P., & Henniaux, M.
(2004). Emotional information processing in first and
recurrent major depressive episodes. Journal of Psy-
chiatric Research, 38, 475—-484.

Nitschke, J. B., Nelson, E. E., Rusch, B. D., Fox, A. S.,
Oakes, T. R., & Davidson, R. J. (2004). Orbitofrontal
cortex tracks positive mood in mothers viewing pic-
tures of their newborn infants. Neurolmage, 21,
583-592.

O’Dobherty, J., Kringelbach, M. L., Rolls, E. T., Hornak,
J., & Andrews, C. (2001). Abstract reward and pun-
ishment representations in the human orbitofrontal
cortex. Nature Neuroscience, 4, 95-102.

Olfson, M., Gameroff, M. J., Marcus, S. C., & Waslick,
B. D. (2003). Outpatient treatment of child and ado-
lescent depression in the United States. Archives of
General Psychiatry, 60, 1236-1242.

Phillips, B. M., Lonigan, C. J., Driscoll, K., & Hooe, E. S.
(2002). Positive and negative affectivity in children: A
multitrait-multimethod investigation. Journal of Clin-
ical Child and Adolescent Psychology, 31, 465—479.

Phillips, M. L., Drevets, W. C., Rauch, S. L., & Lane, R.
(2003). Neurobiology of emotion perception II: Im-
plications for major psychiatric disorders. Biological
Psychiatry, 54, 515-528.

Pine, D. S., Cohen, E., Cohen, P., & Brook, J. (1999).
Adolescent depressive symptoms as predictors of adult
depression: Moodiness or mood disorder? American
Journal of Psychiatry, 156, 133—135.

Pine, D. S., Cohen, P, Gurley, D., Brook, J., & Ma, Y.
(1998). The risk for early-adulthood anxiety and de-
pressive disorders in adolescents with anxiety and
depressive disorders. Archives of General Psychiatry,
55, 56—64.

Pizzagalli, D. A., Jahn, A. L., & O’Shea, J. P. (2005).
Toward an objective characterization of an anhedonic
phenotype: A signal-detection approach. Biological
Psychiatry, 57, 319-327.

Rathus, J. H., & Miller, A. L. (2002). Dialectical behavior
therapy adapted for suicidal adolescents. Suicide and
Life Threatening Behavior, 32, 146—157.

Redelmeier, D. A., & Kahneman, D. (1996). Patients’
painful memories of painful medical treatments: Real-
time and retrospective evaluations of two minimally
invasive procedures. Pain, 66, 3—-8.

Robbins, T. W., & Everitt, B. J. (1996). Neurobehavioural
mechanisms of reward and motivation. Current Opin-
ion in Neurobiology, 6, 228-236.

Robins, C. J., & Chapman, A. L. (2004). Dialectical be-
havior therapy: Current status, recent developments,
and future directions. Journal of Personality Disor-
ders, 18, 73-89.

Rogers, R. D., Ramnani, N., Mackay, C., Wilson, J. L.,
Jezzard, P., Carter, C. S., & Smith, S. M. (2004).
Distinct portions of anterior cingulate cortex and me-
dial prefrontal cortex are activated by reward process-
ing in separable phases of decision-making cognition.
Biological Psychiatry, 55, 594—602.

Rogers, R. D., Tunbridge, E. M., Bhagwagar, Z., Drevets,
W. C., Sahakian, B. J., & Carter, C. S. (2003). Tryp-
tophan depletion alters the decision-making of healthy
volunteers through altered processing of reward cues.
Neuropsychopharmacology, 28, 153-162.

Rolls, E. T. (1999). The brain and emotion. New York:
Oxford University Press.

849

Rolls, E. T. (2000). The orbitofrontal cortex and reward.
Cerebral Cortex, 10, 284-294.

Rottenberg, J., Kasch, K. L., Gross, J. J., & Gotlib, 1. H.
(2002). Sadness and amusement reactivity differen-
tially predict concurrent and prospective functioning
in major depressive disorder. Emotion, 2, 135-146.

Rottenberg, J., Wilhelm, F. H., Gross, J. J., & Gotlib, I. H.
(2003). Vagal rebound during resolution of tearful
crying among depressed and nondepressed individu-
als. Psychophysiology, 40, 1-6.

Ryan, N. D. (2003). Medication treatment for depression
in children and adolescents. CNS Spectrums, 8,283-287.

Rydell, A. M., Berlin, L., & Bohlin, G. (2003). Emotion-
ality, emotion regulation, and adaptation among 5- to
8-year-old children. Emotion, 3, 30—47.

Schoenbaum, G., Chiba, A. A., & Gallagher, M. (1998).
Orbitofrontal cortex and basolateral amygdala encode
expected outcomes during learning. Nature Neurosci-
ence, 1, 155-159.

Schultz, W. (2000). Multiple reward signals in the brain.
Nature Reviews: Neuroscience, 1, 199-207.

Schultz, W., & Romo, R. (1988). Neuronal activity in the
monkey striatum during the initiation of movements.
Experimental Brain Research, 71, 431-436.

Schultz, W., Tremblay, L., & Hollerman, J. R. (1998).
Reward prediction in primate basal ganglia and fron-
tal cortex. Neuropharmacology, 37, 421-429.

Schwartz, C. E., Wright, C. L., Shin, L. M., Kagan, J., &
Rauch, S. L. (2003). Inhibited and uninhibited infants
“grown up”: Adult amygdalar response to novelty.
Science, 300, 1952—-1953.

Seligman, M. E., & Csikszentmihalyi, M. (2000). Posi-
tive psychology. An introduction. American Psychol-
ogist, 55, 5-14.

Sheeber, L., Allen, N., Davis, B., & Sorensen, E. (2000).
Regulation of negative affect during mother—child
problem-solving interactions: Adolescent depressive
status and family processes. Journal of Abnormal Child
Psychology, 28, 467-479.

Sheeber, L., & Sorensen, E. (1998). Family relationships
of depressed adolescents: A multimethod assessment.
Journal of Clinical Child Psychology, 27, 268-277.

Sheline, Y. I., Barch, D. M., Donnelly, J. M., Ollinger,
J. M., Snyder, A. Z., & Mintun, M. A. (2001). In-
creased amygdala response to masked emotional faces
in depressed subjects resolves with antidepressant treat-
ment: An fMRI study. Biological Psychiatry, 50,
651-658.

Shiffman, S., Gwaltney, C. J., Balabanis, M. H., Liu,
K. S., Paty, J. A., Kassel, J. D., Hickcox, M., &
Gnys, M. (2002). Immediate antecedents of cigarette
smoking: An analysis from ecological momentary as-
sessment. Journal of Abnormal Psychology, 111,
531-545.

Siegle, G. J., Steinhauer, S. R., Thase, M. E., Stenger, V. A.,
& Carter, C. S. (2002). Can’t shake that feeling: Event-
related f MRI assessment of sustained amygdala activ-
ity in response to emotional information in depressed
individuals. Biological Psychiatry, 51, 693-707.

Silk, J. S., Shaw, D. S., Forbes, E. E., Lane, T. J., &
Kovacs, M. (in press). Maternal depression and child
internalizing: The moderating role of child emotion
regulatory style. Journal of Clinical Child and Ado-
lescent Psychology.

Silk, J. S., Steinberg, L., & Morris, A. (2003). Adoles-
cents’ emotion regulation in daily life: Links to de-
pressive symptoms and problem behavior. Child
Development, 74, 1869—-1880.



850

Sloan, D. M., Bradley, M. M., Dimoulas, E., & Lang, P. J.
(2002). Looking at facial expressions: Dysphoria and
facial EMG. Biological Psychology, 60, 79-90.

Sloan, D. M., Strauss, M. E., Quirk, S. W., & Sajatovic,
M. (1997). Subjective and expressive emotional re-
sponses in depression. Journal of Affective Disorders,
46, 135-141.

Sloan, D. M., Strauss, M. E., & Wisner, K. L. (2001).
Diminished response to pleasant stimuli by de-
pressed women. Journal of Abnormal Psychology,
110, 488—-493.

Spanagel, R., & Weiss, F. (1999). The dopamine hypoth-
esis of reward: Past and current status. Trends in Neuro-
sciences, 22, 521-527.

Spear, L. P. (2000). The adolescent brain and age-related
behavioral manifestations. Neuroscience and Biobe-
havioral Reviews, 24, 417-463.

Sroufe, L. A., & Rutter, M. (1984). The domain of devel-
opmental psychopathology. Child Development, 55,
17-29.

Steinberg, L. (2004). Risk-taking in adolescence: What
changes, and why? Annals of the New York Academy
of Sciences, 1021, 51-58.

Stone, A. A., Schwartz, J. E., Neale, J. M., Shiffman, S.,
Marco, C. A., Hickcox, M., Paty, J., Porter, L. S., &
Cruise, L. J. (1998). A comparison of coping assessed
by ecological momentary assessment and retrospec-
tive recall. Journal of Personality and Social Psychol-
ogy, 74, 1670-1680.

Surguladze, S., Brammer, M. J., Keedwell, P., Giampi-
etro, V., Young, A. W., Travis, M. J., Williams, S. C.R.,
& Phillips, M. L. (2005). A differential pattern of
neural response toward sad versus happy facial ex-
pressions in major depressive disorder. Biological Psy-
chiatry, 57, 201-209.

Surguladze, S. A., Young, A. W., Senior, C., Brebion, G.,
Travis, M. J., & Phillips, M. L. (2004). Recognition
accuracy and response bias to happy and sad facial
expressions in patients with major depression. Neuro-
psychology, 18, 212-218.

Thomas, A., & Chess, S. (1977). Temperament and devel-
opment. New York: Brunner/Mazel.

E. E. Forbes and R. E. Dahl

Thompson, R. A. (1994). Emotion regulation: A theme in
search of definition. Monographs of the Society for
Research in Child Development, 59 (Nos. 2-3, Serial
No. 240), 25-52.

Watson, D., Clark, L. A., & Carey, G. (1988). Positive
and negative affectivity and their relation to anxiety
and depressive disorders. Journal of Abnormal Psy-
chology, 97, 346-353.

Watson, D., Clark, L. A., Weber, K., Assenheimer, J. S.,
Strauss, M. E., & McCormick, R. A. (1995). Testing a
tripartite model: I. Evaluating the convergent and dis-
criminant validity of anxiety and depression symptom
scales. Journal of Abnormal Psychology, 104, 3—14.

Weersing, V. R., & Brent, D. A. (2003). Cognitive—
behavioral therapy for adolescent depression: Compar-
ative efficacy, mediation, moderation, and effectiveness.
In A. E. Kazdin, & J. R. Weisz (Eds.), Evidence-based
psychotherapies for children and adolescents (pp. 135—
147). New York: Guilford Press.

Weissman, M. M., Markowitz, J. C., & Klerman, G. K.
(2000). Comprehensive guide to interpersonal psycho-
therapy. New York: Basic Books.

Wilcox, H. C., & Anthony, J. C. (2004). Child and ado-
lescent clinical features as forerunners of adult-onset
major depressive disorder: Retrospective evidence from
an epidemiological sample. Journal of Affective Dis-
orders, 82, 9-20.

Wirtz, D., Kruger, J., Napa Scollon, C., & Diener, E.
(2003). What to do on spring break? The role of pre-
dicted, on-line, and remembered experience in future
choice. Psychological Science, 14, 520-524.

Woodberry, K. A., Miller, A. L., Glinski, J., Indik, J., &
Mitchell, A. G. (2002). Family therapy and dialectical
behavior therapy with adolescents. Part II: A theoret-
ical review. American Journal of Psychotherapy, 56,
585-602.

Zald, D. H., Boileau, I., El-Dearedy, W., Gunn, R., Mc-
Glone, F., Dichter, G. S., & Dagher, A. (2004). Dopa-
mine transmission in the human striatum during
monetary reward tasks. Journal of Neuroscience, 24,
4105-4112.



