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A multidisciplinary approach to evaluate the impact
of emotional dysregulation on adolescent decision
making
Angé Weinrabe 1,2 & Ian B. Hickie1✉

Evaluating decision-making during youth is a complex area of research. Multiple factors

influence the young person’s subjective decision-making at this stage of development. Sub-

optimal decision-making can have lifelong consequences. Longer adolescence, life stressors,

drugs and alcohol and adverse events impact the young person, making them vulnerable to

emerging mood disorders, such as anxiety and depression. Behavioural economics with its

cognitive and multidisciplinary approach examines decision-making in youth with emerging

mood disorders, but few empirical studies exist outside of a laboratory setting. Of the few

that apply a multidisciplinary approach, most focus on other mental disorders. This review

qualitatively evaluates the decision science literature to firstly, investigate complex factors

influencing decision-making between adolescence and young adulthood. Secondly, it inves-

tigates studies that have applied either a cognitive or multidisciplinary approach to evaluate

how young people choose. With respect to the studies identified, this review found that as

opposed to depression, clinical anxiety (trait) and its relationship to youth decision-making

has not been well researched using the multidisciplinary approach. Studies that did apply this

approach found that mood disordered young individuals overall performed worse than

healthy controls. This review argues that applying the multidisciplinary approach to study

subjective decision-making can provide an alternative measure to empirically evaluate early

stages of psychopathology in a youth population. Investigating the critical time points where

the decision process itself impacts affective states in individuals could further elucidate some

of the challenges currently faced in decision-making studies.

Introduction

Cognitive choice paradigms are increasingly being applied to models of psychopathology
with the aim of evaluating and predicting behavioural outcomes. The two main
approaches which are most effective at evaluating decision-making in human beings are

the strictly cognitive approach, which has its foundation in classical economics, and the mul-
tidisciplinary approach. Classical economic theories examine aspects of decision-making that
deal with an individual’s choices in financial situations (microeconomics) and the world as a
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whole (macroeconomics). Such a theoretical or cognitive
approach measures attitudes towards risk, ambiguity, and inter-
temporal decisions, and makes predictions of what decisions
ought to be made by individuals. The sub-branch of economics,
referred to as behavioural economics, applies the multi-
disciplinary approach. It goes one step further than the cognitive
approach and examines the influence of psychological and
sociological factors on decision-making, accepting that these are
additional influences on the subjective decision-maker (Kahne-
man and Tversky, 1982). This approach considers that humans
make choices largely based on dispositions, that are mostly
unconscious and not amenable to change or prediction.

For decision scientists, these factors have an impact on
decision-making, in addition to those mechanisms indepen-
dently described by the purely cognitive approach. In other
words, as Damasio argues, “the comprehensive understanding of
the human mind requires an organismic perspective” because
emotion and reason cannot be separated (Damasio, 1994, p.
252). Both approaches offer practical insights into general
decision-making processes, with the multidisciplinary approach
particularly sensitive to evaluating the impact of dysregulated
emotions such as those experienced with mood disorders. This
article reviews the decision science literature as a whole and
argues that the multidisciplinary approach is a more effective
way with which to evaluate youth decision-making, especially
where clinical anxiety is present. We compare the cognitive and
multidisciplinary approaches to help answer our research
question, which is, why are the consequences of decision-
making different for some young people? To answer this, we
suggest how one approach might be more effective in some
situations and/or work to complement the other approach when
evaluating youth decision-making.

We then present a detailed account of the decision process
itself, in a general sense and more specifically, adolescent, and
young adult decision-making, where neurodevelopmental
factors are an additional influence on this process. By neuro-
development, we refer to critical neural processes developing
at this age, such as attention, memory and mainly learning, all
part of the brain’s executive functioning. Factors that adversely
influence and affect neurodevelopment broadly include innate,
environmental, and inflammatory conditions leading to mood
and other disorders (Theoharides et al., 2019). Critically,
because of such factors, it is estimated that over 75% of mental
health symptoms present themselves before the young person
turns 25 years old (Kessler et al., 2005). In the final section of
this review, we outline and differentiate the changes in the
decision processes in youth mental illness as compared to
those processes in healthy development. We aim to show
how multiple factors that influence neurodevelopment in this
age group possibly conflate empirical findings in the decision
sciences. Our overall aim with this review is to present those
studies that empirically study clinical populations using the
multidisciplinary approach, to suggest alternative measures
with which to evaluate how young people choose in a clinical
setting.

Method
Theoretical evaluation of decision-making. Although originat-
ing from classical economics, the cognitive and the multi-
disciplinary approach vary in their aims and their methodological
evaluation of decision-making. In what follows, we outline the
two approaches, as well as describe their points of differentiation
(Glimcher, 2011; Kahneman and Slovic, 1982). Table 1 sum-
marises how each approach describes subjective decision-making
from an economic perspective.

The cognitive approach. Economic theorists run experiments
with the aim of evaluating preferences given to monetary values
and how subjective preferences impact the decision-making
process itself (Glimcher, 2011; Van Gaal et al., 2012). These are
referred to as ‘rational’ economic models. Glimcher (Glimcher,
2011) gives us the narrative of the beggar influenced by external
world variables. The story begins with a beggar who finds a
20,000 florins lottery ticket, where he has a 50–50 chance of
winning. The beggar has an expected value of 10,000 florins,
whereas before he was worth one penny. A wealthy merchant
passes by and offers the beggar 7000 florins for his ticket. The
question is: Should the beggar accept the merchant’s offer or face
a 50–50 chance of increasing his wealth three times over?
Glimcher argues that the way to evaluate this question comes
from the mathematician Blaise Pascal, who can assess the beggar’s
attitude towards gains, losses, and probabilities (Glimcher, 2011).

To evaluate the expected value of each possible choice, Pascal’s
theory multiplies the chances of winning by the amount to be
won. In doing so, Pascal comes up with a measure of the expected
value of each possible outcome; that is of the ‘for sure’ amount of
7000 florins versus the chance of winning the lottery (Glimcher,
2011). Here Pascal believes we can work out the beggar’s aversion
to risk and his probability of winning. By such calculations, we
can help people make decisions when they are faced with
uncertain choices. We can therefore assume that in the beggar’s
case, choosing an immediate payout offers the highest value,
whereas, in the merchant’s case, the highest value would be
gained by purchasing the lottery ticket from the beggar. But is this
the best choice for these individuals?

The scientist Daniel Bernoulli (1738) goes beyond Pascal’s
probability theory and explains that there are other variables that
may be influencing choices involving risk (both the beggar’s and
the merchant’s) and that these can also be measured (Glimcher,
2011). Bernoulli’s proposition is that we should measure the best
outcome for the beggar and the merchant in a way that moves
beyond simply multiplying value and probability. When we work
out what the hidden value for each of the possible outcomes of
the choices are, we come up with a new variable, referred to as
utility. This is because in economics it is theorized that a person
has some internal representation of the utility of each feasible
alternative and should choose the alternative with the highest
utility (Glimcher and Fehr, 2014).

In the beggar’s case, we would compare two choices: one
where the beggar takes the immediate payout (as stated above),
or a choice based on the calculation referred to as ‘expected
utility theory’ (Tversky and Kahneman, 2000). We begin by
multiplying the utility of the 20,000-florin ticket, or “4.3 utils”
(Glimcher, 2011, p. 45). We multiply the utility amount (4.3) by
the probability (50% chance of winning the lottery) and this
calculation equates to an estimated amount, in the beggar’s case
2.15 utils. We then compare this to the merchant’s offer (3.8
utils) “where the gain is certain” (Glimcher, 2011, p. 45). The
beggar would see there is a higher “expected” utility associated
with taking the immediate amount. Because there is a 50%
likelihood of gaining the bigger win, it is far less than twice the
subjective value of the merchant’s offer. A lower utility rate
suggests that the beggar would be well advised to take the
merchant’s offer of 7000 florins.

Expected utility theory is the process of assessing decision-
making where risk is involved (Tversky and Kahneman, 2000). It
works when trying to assess hypothetical decisions, but what
happens when we are faced with a real-life choice where the
outcome is uncertain? This kind of uncertainty is referred to as
ambiguity, where the person is more likely to make a risky choice
where the probabilities for each choice are known, than an
ambiguous choice where the probabilities for each choice are
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unknown (Ellsberg, 1961). Technically, the key difference
between risk and ambiguity stems from how much information
is available at the time of the decision being made (Camerer and
Weber, 1992; Levy et al., 2012).

Another argument is that a person can never be fully rational
in their decision-making; they can only be, what is referred to as
minimally rational, mainly because there are costs associated with
cognition, information, and computation of that information
(Cherniak, 1986, p. 3). It is from these more realistic theories of
economics that the multidisciplinary approach emerges.

The multidisciplinary approach
Economic theory is useful in that it can explain decision-making
at one level, as people will choose in a certain way most of the
time. However, such theories are generally based on how people
‘should’ behave, with their focus being on optimal decision-
making strategies. This kind of approach can only go so far.
Tversky famously pointed out that human beings are not neces-
sarily consistent with their choices and will change their pre-
ferences at any given time (Tversky, 1969). It is therefore
important to consider, where possible, other factors that may be
impacting the decision-maker. Kahneman and Tversky (1982)
famously extended economic theory to include a multidisciplinary
approach, which aims to capture psychological and neu-
roscientific evidence. Here humans make choices largely based on
dispositions, which are mostly unconscious and not amenable to
change. In laboratory experiments, where choice is captured, the
authors found that in humans certain biases and heuristics
explained how the person’s choices were made. Some of the biases
and heuristics uncovered included framing, anchoring, avail-
ability, and representativeness.

The framing bias occurs when a person decides based on
couching an event in either a positive or sub-optimal way.
Kahneman et al. argue that up to three types of framing exist:
goal framing, risky choice framing, and attribute framing
(Kahneman, 2013). Goal framing regards how a person’s choices
will be motivated by a particular goal they have in mind. The
anchoring bias occurs when a person bases their decision on a
particular starting point. For example, a person may heavily rely
on certain information they have to make their decision. Kah-
neman argues that this will affect and thus yield biases of the
actual value of something.

Two key examples of heuristics exist (Kahneman, 2013). The
availability heuristic is used when decisions are made based on
the last thing that a person thought about. The representativeness
heuristic regards a decision being made because it reminds the
agent of a similar experience that is accessible and easy to recall.

Kahneman remarks how easily we stereotype people using the
representativeness heuristic. He gives the example of a woman on

the New York subway reading The New York Times (Kahneman,
2013). If asked whether the woman is a Ph.D. student or someone
without a college degree, Kahneman says that most people would
say the woman reading the newspaper is college-educated based
on the example’s representativeness. However, he argues that
more non graduates ride the New York subway than graduates
and so it is unlikely that the woman has a college degree. Kah-
neman points out that our choices and judgements are based on
probabilities and estimates that arise from not having the full
picture in front of us.

We can therefore conclude from their work alone that
decision-making cannot be ‘rational’ in the traditional sense.
Then how does one apply the multidisciplinary approach to
evaluate the impact of these additional factors, such as Kahne-
man’s heuristics and biases? This with the aim to better grasp
decision-making within a laboratory setting, especially in youth
with emerging mood disorders such as anxiety and depression.

Sub-branch of the multi-disciplinary approach
Neuroeconomics. To be able to answer our research question, we
now turn to the sub-domain of behavioural economics, which is
neuroeconomics. It is an established example of the multi-
disciplinary approach that is used in empirically validated studies.
Neuroeconomics uses behavioural tasks to evaluate the cognitive
decision processes such as decision-making under risk and
uncertainty, intertemporal choice, social decision-making, and
applies technology, such as neuroimaging techniques with which
to evaluate the mechanisms associated with these decision pro-
cesses (Sharp et al., 2012). Technological advances have enabled
research in this area to be used more frequently and at a lower
cost to the researcher. Neuroeconomics with its multidisciplinary
approach aims to achieve practical results in the attempt to
evaluate subjective decision-making, in both a laboratory and
clinical setting. As a field neuroeconomics incorporates elements
from neuroscience, psychology, economics and neuroeconomics.

Some scholars claim that neurobiological research evaluating
the complex brain has helped us to better understand the
processes involved in decision-making, and a variety of studies
using the multidisciplinary approach have shown the role that
various neural circuits play in general behaviour (Galván and
Tottenham, 2016; Rangel et al., 2008a; Rangel and Hare, 2010;
Rudolph et al., 2017). Neuroeconomics ambitiously aims to
answer the following three questions: (1) What are the
computations done by the brain in making different decisions,
(2) How are these computations implemented in the brain, and
(3) How do these computations map onto behavioural,
subjective, and individual differences (Rangel and Montague,
2008b)? Neuroeconomics focuses on one key region in the
brain, the prefrontal cortex (PFC), the area of neural networks
that determine value-based decision-making (Sonuga‐Barke
et al., 2016).

Using a combination of economic methods that evaluate
behaviour and brain activities, one major ambition of neuroeco-
nomics is evaluating suboptimal decision-making, such as those
that occur in psychopathologies (Sharp et al., 2012). Researchers
in decision studies argue that neuroeconomics may inform
treatment because it is novel in its ‘multilevel’ research approach
(Sharp et al., 2012). However, other researchers (Gallistel and
King, 2011; Murphy, 2006), dispute the claims of neuroeco-
nomics, stating that they might be more applicable to animal
behavioural studies and that such methods cannot be mapped to
human behaviour. This is mainly because in all its complexity
these processes cannot be reduced to such specific levels of
mechanism, especially ones that compute economic constructs
such as expected utility. Other authors argue brain imaging

Table 1 Decision paradigms to evaluate decision-making
(Glimcher, 2011; Kahneman and Slovic, 1982).

Decision
paradigm

Description

Cognitive
approach

The agent makes choices which are influenced by
their preferences, their attitudes towards gains,
losses and probabilities and their expected value of
each choice.

Multidisciplinary
approach

The agent makes choices based on additional
factors as those evaluated in the cognitive approach.
These include evaluation of unconscious biases and
heuristics—such as framing, anchoring, availability,
and representativeness.
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technology shows neural changes, but that these are causally
impacted by behaviour all the time (Levy, 2013; Lewis, 2017).

Taking this information into account, what is important in this
debate is to remain open to new ways of evaluating suboptimal
decision-making, especially in youth where factors that influence
the decision process are already complicated at this vulnerable
age, and where an emerging mood disorder may be conflated with
these developmental periods. In psychopathological evaluation,
impaired decision-making is not a stand-alone symptom of a
disorder as such, but one of the symptoms associated with a
particular disorder such as major depressive disorder (Mukherjee
and Kable, 2014). Being able to identify and evaluate the neural
underpinnings of these states, outside of the current medical
model, is where the multidisciplinary approach can potentially be
useful. Figure 1 provides a visual representation of the difference
between the Cognitive and the Multidisciplinary approaches,
when applied to clinical decision studies evaluating mood
disorders such as anxiety and depression, especially in youth.

In summary, the multidisciplinary approach can be useful in
informing a more individualised approach to diagnosis, such as
utilising neuroeconomics when mapping neuroimaging to base-
line data of healthy patients, and when comparing economically
measurable outcomes (Glimcher and Fehr, 2014). This approach
that cuts across disciplines may be able to address the ongoing
challenges that other theoretical applications face in isolation
(Griffiths et al., 2010).

What is decision-making? Human beings make decisions that
derive from the output of brain mechanisms and processes that
generally work in sync, and although a complex process, what is
termed healthy behaviour does follow a set of decision rules,
even though these rules are labelled differently in various
schools of science. Decision and cognitive scientists have specific
terms, ones that include molar and molecular scale concepts,
that influence healthy and unhealthy decision makers alike
(Ross et al., 2008, p. 109). Whether optimal or sub-optimal, the
act of deciding, which produces a certain behaviour, is under-
stood as a cognitive process (Caceda et al., 2014). Agents make
simple choices on a regular basis; these include finding food or
deciding when to go to sleep. A decision occurs after the agent
places a higher value on one of the alternatives available to them
at the time (Rangel, 2008). Value-based decision-making pro-
cesses are different for everyone, and these processes can cause
problems when the possible consequences or outcomes of the
decisions are sub-optimal. Here lies an important question when
it comes to the study of human beings: Why are the con-
sequences of decision-making different for some people? To
answer this question, one can turn to decision-making theories
in neuroscience, economics, psychology, and psychiatry. Within
each of these disciplines is an attempt to understand the
decision-as-problem (Caceda et al., 2014).

Multiple explanatory theories have been developed to explain
how healthy people (and animals) make decisions. Research
suggests that decision-making is a complex process: a decision-
maker must decide which options are of value to her survival or
flourishing as well as be able to determine which options will
allow for adaptation to the current and future environments
(Alvares et al., 2014). Studies use visual paradigms to examine
how the underlying neurological pathways map behaviour and to
help conceptualize the decision-making process (Sonuga‐Barke
et al., 2016; Wittmann and Paulus, 2009), with affective
neuroscience investigating the neural processes responsible for
the brain’s valuation and decision-making capacity to test
hypotheses that relate to aspects of self-control, preferences,
and choice (Hare et al., 2009). Three stages are associated with the
decision-making process, which includes evaluation, decision
management, and appraisal and accommodation (Sonuga‐Barke
et al., 2016) (see Table 2).

This three-stage decision-process is governed by three brain
regions or domains that inform the decision-making steps: the
self-referential process, reflecting present, future, and past states,
the domain that reinforces the processes that underlie learning
processes; and the region of executive functioning—or areas that
mediate the decision planning and implementation processes
itself. The executive function of the brain is “an umbrella term
that refers to a heterogeneous grouping of top-down processes
that allow individuals to regulate their thoughts and behaviour to
successfully engage in purposeful, goal-directed, and future-
oriented actions” (Sonuga‐Barke et al., 2016, p. 326).

Executive function is distributed across multiple brain
regions, initially thought to function within the prefrontal
cortex, but contemporary research suggests that these processes
are further connected via neural networks or connectomes
(Crossley et al., 2016), to regions beyond the prefrontal cortex
(Sonuga‐Barke et al., 2016, p. 326). Executive control, an
important part of decision-making that relates to economic
decision-making, or those more complicated or novel choices
that appear, as opposed to automatic responses, is mainly
governed by these top-down processes.

Disruptions to the network that allows for these decision-
making stages have been identified in several mental illnesses
(Sonuga‐Barke et al., 2016). For example, young patients with
anxiety disorders will avoid certain decisions because of excessive

Fig. 1 Conceptual analysis of two approaches in a clinical setting. A visual
representation of the difference between the cognitive and the
multidisciplinary approaches when applied in clinical decision studies
evaluating mood disorders.

Table 2 Three stages of decision-making (Sonuga‐Barke
et al., 2016).

Decision Stages Description

Evaluation The subject evaluates the estimated utility of
each decision, referring to the memory of
previous choices made, as well as referring to
taking the future into account.

Decision
management

Choices are compared to allow for the best
possible decision to occur, which includes the
overriding mechanisms having a direct influence
on these choices.

Appraisal and
accommodation

Choice outcome equates to the utility as
influenced by those valuation systems and then
appraised (comparing previous choices) to
accommodate learning.
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hesitation (Sonuga‐Barke et al., 2016, p. 334). These patients will
shy away from ambiguous choices, mainly because of the
diminished capacity of their executive brain regions to determine
and thus discern threatening situations. Anxious patients are
known to make choices where they avoid circumstances where
threats may in fact not exist. Unlike anxious patients, depressed
patients are pessimistic and disengaged, mainly because they are
biased in their self-referential processes and their choices will
reflect such biases (Sonuga‐Barke et al., 2016, p. 334). These
patients have difficulty in making decisions because the biases
persist in their decision-making. Thus, depression itself has a
“dual effect on the processing of reward and value: induction of
excessive emotional responses and reduced willingness to reject
unfair offers” (Caceda et al., 2014, p. 23).

The decision-making process is further complicated by three
key valuation systems that have been identified. Individuals are
required to choose what is of most value to them, before acting on
that value. Table 3 presents three key valuation systems that
define individualised decision-making (i) Pavlovian, (ii) habitual,
and (iii) goal-directed (Alvares et al, 2014; Rangel et al., 2008a).
Research suggests that all three systems are usually in agreement
with one another during the decision-making process (Alvares
et al., 2014; Caceda et al., 2014; Rangel et al., 2008a).

In the Pavlovian system, a person associates values with the
responses of a small subset of choices they make; the choices are
associated with the person’s environmental stimuli and feedback
loops (Hare et al., 2009). For example, when presented with an
electric shock whilst being given access to a food source, a rat
may not choose the food option again as it associates the
response with the stimuli and wants to avoid the shock
associated with the food option.

The habitual system is slightly different, an example of which
is as follows. A person would like to attend a social event and
consume an alcoholic beverage. This person is also used to
drinking multiple drinks, but when making their decision about
the amount they are going to drink the person needs to take
driving laws into consideration. In this case, the person is
confronted with decisions that have multiple values, with each
option compared to the other options. The decision-making
process considers former experiences, usually where learning
eventuates due to the consequences that either served or did not
serve the decision-maker (Rangel et al., 2008b). For example, a
person that is used to having an alcoholic drink with dinner
every night gets into the habit of drinking every day. Here we
refer to a higher-level decision-making process, unlike in the
Pavlovian model where such decisions are difficult or impos-
sible to control.

In the goal-directed system, a key criterion related to the belief
must be met which states that a person must be able to have
knowledge of the outcomes or consequences of their goal or

desire. If no such knowledge exists, it is arguable that the person
does not have a goal in the required sense. It is the discerning
process that qualifies this decision model as goal-directed. This is
because the goal-directed system associates values (goal values)
with actions by evaluating the consequences associated with goal-
directed behaviours (Rangel et al., 2008b). In the section that
follows, we present how healthy young people make decisions.
Thereafter we discuss the influence of prolonged mood states
such as anxiety and depression on the decision-making process
itself in youth populations.

Adolescent decision-making. Considering the theoretical and
practical understanding of how complicated the decision process
is, the study of adolescent behaviour is problematic for multiple
reasons. To begin with, the study population itself is not clearly
defined (Sawyer et al., 2018, p. 223). Research evaluating decision-
making during adolescence (between childhood and early adult-
hood) can range between 13 and 19 years, at other times up to 24
years old (Sawyer et al., 2018). Reasons to study adolescence, as
compared with early adulthood, is because this period is a time
when risk-taking behaviour has severely problematic con-
sequences for the individual as well as for society (Blakemore,
2018; Katon et al., 1999; Levy et al., 2012). Adolescent attitudes
towards risk, reward, and learning must be considered to evaluate
the personal and social impact these factors have on the young
person’s life. Although not all adolescents make decisions that are
sub-optimal, research suggests that neurodevelopmental and
many other factors influence the young person’s capacity for
reasonable decision-making. This is mainly because develop-
mental brain regions, associated with risk-taking and sensation-
seeking behaviours, namely the amygdala, nucleus accumbens
(NAcc) and prefrontal cortex (PFC) are still developing (Mills
et al., 2014). This point immediately raises questions regarding
whether such developmental factors can in some cases be con-
flated with prolonged mood states, such as those that present in
emerging mood disorders such as anxiety and depression.

In what follows, we attempt to outline the research challenges
that arise in studying this developmentally vulnerable age group.
Importantly, we flag the complexity of the decision process in the
healthy young person’s psychological states, especially so around
their late adolescence and early adulthood (Berns et al., 2008).
Research suggests that risky decision-making is pervasive during
adolescence aged 12–16 years, more so than in youth aged 18–22
years old, and young adults from 24 years onwards (Gardner and
Steinberg, 2012). Vast changes in structural neurobiology,
occurring up to the age of 30 (for males and females), as well
as due to hormonal and physical changes (Blakemore, 2018)
impact how the young person chooses and further complicates
the study of this population.

Risk, reward, and learning during adolescence. It is important
to understand the role of adolescent reward and risk-taking
behaviour in the context of today’s society as compared with
previous historical periods. Regarding the naturally occurring
developmental changes around the time of puberty (and so prior
to complete neurological growth), adolescents historically partook
in activities (physical and social) aimed at achieving indepen-
dence and maximizing survival and reproduction (Galván and
Tottenham, 2016; Jordan and Andersen, 2017). Unlike adults,
adolescents made decisions that were risky, and the outcomes of
such risky and impulsive behaviour enabled learning and
increased rewards (Van Duijvenvoorde et al., 2016). Risky
behaviour persists in adolescents, but survival and reproduction,
as we previously knew them, have been replaced by other beha-
vioural outcomes that are not necessarily useful to the individual.

Table 3 Valuation systems that define subjective decision-
making.

Valuation system Characteristics of decision-maker

Pavlovian Responds to values based on a limited subset of
choices linked to their environmental stimuli.

Habitual Responds to additional choices outside of a habitual
decision-making environment. These choices hold
multiple values and require the agent to compare
each choice at the time.

Goal-directed Responds to a set of choices that are evaluated with
the knowledge of experienced or potential
consequences and can discern the goal value of each
choice.
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Studies suggest that developmental differences in neurobiology
and the impact that stimuli, especially emotional stimuli have on
the developing young person’s brain, influences how risk plays
out, making it difficult to pinpoint why some are more (or less)
prone to risky decision-making (Rudolph et al., 2017, p. 94).

The dual system’s approach (Casey et al., 2008; Steinberg,
2010) and the limbic loop theory (Alexander et al., 1990), are two
theories that describe adolescent brain development, specifically
the impact that brain circuitry and processes have in relation to
reward processing and risk-taking. These are critical aspects of
decision-making during adolescence, a vulnerable stage of brain
development (see Table 4).

Famously, the Dual System Theory is the dynamic account that
provides evidence of why young people, especially adolescents,
seem more prone to risk-taking behaviour (Casey et al., 2008;
Steinberg, 2010). Contemporary studies suggest that although
heterogeneity exists within this age group, in comparison with
adults, adolescents are more prone to risk due to the
phenomenon referred to as the ‘peer effect’ (Gardner and
Steinberg, 2012; Steinberg, 2010). This phenomenon occurs due
to changes happening between the adolescent’s socio-emotional
system and the cognitive control system around the time of
puberty (Cohen, 2005; Steinberg, 2008) The temporal disconnects
between these two systems impact the adolescent’s ability to self-
regulate and control reward-seeking behaviour, the latter
gradually developing as the brain matures (Gogtay et al., 2004;
Steinberg and Cauffman, 1996). This makes the study of this
population’s decision-making more challenging.

Another key decision-making theory is Alexander and
Crutcher’s (1990) ‘Limbic-loop’ Theory, which describes the
neuropsychological correlates of decision-making, this specifically
ambiguous and risky situation. According to this account, the
brain is organized into several structurally and functionally
distinct ‘circuits’ that link the cortex, basal ganglia, and thalamus,
with each circuit focused on a different portion of the frontal lobe
(Alexander et al. 1990). It is important to note that there is an
interplay between all brain regions, what is referred to as a
“parallel functional architecture” that is present within each
individual circuit (Alexander et al., 1990, p. 226). In other words,
no specific region or circuit works in isolation (Damasio, 2003).

However, when an executive function or working memory is
impaired, decision-making becomes impaired, more so where
ambiguous choices are presented (Brand et al., 2006; Camille
et al., 2011; Schiebener and Brand, 2015). Research shows that
brain pathology can occur more frequently in brain regions
where there is the high activity or increased metabolic demand
(Crossley et al., 2016, 2014). Brain regions made up of intricately
connected networks defined as ‘connectomes’ or ‘hubs’, are
more affected because of ongoing metabolic demands at certain
stages of brain development. In later adolescence, hub
connectivity increases over time as the brain develops and

matures (Crossley et al., 2016).
From this, it follows that the processing of information and the

subsequent behaviour depends on the finely tuned interaction
between cognition, emotion, and the subject’s direct environment
(Loewenstein et al., 2001; Schiebener and Brand, 2015; Weber
et al., 2002). Any interference in these processes has an immediate
impact on the outcome of the decisions, especially so during
puberty (Stringaris et al., 2014, 2015). Some authors argue that
puberty takes place up to 3 years earlier now as compared with
100 years ago and that this is mainly due to environmental
changes such as improved diet, hormonal exposure in food
products, reduced childhood disease, and increases in childhood
obesity (Jordan and Andersen, 2017). Studies suggest earlier
puberty (which means longer adolescence) further impacts a
young person’s socio-cognitive development or maturity and its
manifestation has mainly problematic consequences such as sub-
optimal decision-making in general (Harrell et al., 1998). Drug
addiction, social neglect, and other adverse events such as trauma,
further impact the already ‘critical period’ of brain development,
leading to behavioural changes in young adulthood (Casey et al.,
2015, 2014; Jordan and Andersen, 2017; Lockhart et al., 2018).

It is therefore the consequences of the risky behaviour that in
some cases lead to the emergence of mood and more severe
disorders, which in turn can lead to other comorbidities later in
the young people’s lives (Katon et al., 1999). Adolescents require
much support in their decision-making if they are to successfully
manage these multiple challenges.

Risk factors impacting developing neurobiology
In the section that follows we draw attention to the important and
close interdependence between physical and mental wellbeing of
individuals, especially between adolescents and early adulthood.
In a comprehensive model, three known risk factors exist that
impact the development of depression: genetic vulnerability,
childhood adversity (abuse or neglect), and stressful life events
(Katon et al., 1999). Once chronic illness develops, it can cause
deterioration in health, inability to exercise, poorer quality of life,
job loss and financial insecurity, increased worry, family strain,
maladaptive health behaviours, and brain changes (both early and
late). Each of these factors, separately or in combination, can
increase the risk of depression and other mental health disorders
(Katon et al., 1999), and because of this, non-somatic and somatic
symptoms should not be seen as being separate.

What is somatic should not be confused with “somatomisa-
tion”, which is classified as medically unexplained somatic
symptoms that are coupled with psychological distress and help-
seeking behaviour. The somatic may be presenting as a psycho-
logical illness (such as depression) and vice versa. Stressful con-
ditions and mainly stress itself, all of which have an impact
should be taken seriously, because they lead to disturbances in the
developing brain’s biological processes and can have dire con-
sequences to the adult brain (Galván and Tottenham, 2016).
Moreover, research suggests that these are almost as dire as the
onset of mental disorders affected by other environmental and/or
genetic factors (Casey et al., 2015).

Neuropsychological research on impulsivity, sensation seeking,
and prolonged negative affect indicate that some individuals will
have greater difficulty learning from sub-optimal outcomes,
especially outcomes that are mixed (that is, those that have some
benefits or pleasures associated with them) (Critchley and
Harrison, 2013; Herman et al., 2018). Valid and reliable measures
of some of these individual differences exist today and can be
used to make predictions regarding how they will affect young
people. Impulsivity, sensation seeking, thrill seeking, anxiety and
depression, and other individual differences contribute to risk-

Table 4 Brain development theories in youth.

Brain
development theory

Description Authors

Dual system theory Temporal disconnect due to
changes between socio-
emotional system and the
cognitive control system
around the time of puberty.

Casey et al.
(2008),
Steinberg
(2010)

Limbic-loop Interplay between brain
structures that mediate
cortico-thalamic-striatal
circuits.

Alexander et al.
(1990)
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taking that resists standard risk-reduction interventions (Herman
et al., 2018; Rudolph et al., 2017). Thus, it is the context in which
decision-making takes place that matters (Shulman et al., 2016).

Impact of emotion and its dysregulation
Neurodevelopmental shifts that take place during youth, but
especially during adolescence, present outwardly as highly emo-
tional mood states, where behaviour is often driven by these
emotions (Guyer et al., 2016; Silk et al., 2012). Studies on the
neural substrates of affective behaviour during adolescence are
providing much insight into how changes in brain function
impact decision-making and how this impact, in turn, is affected
by external factors in the individual’s life (Guyer et al., 2016).
Neurodevelopmental work on adolescents and young adults
outlines the key role that the brain itself plays not only in the
critical time of learning and development but also in its important
role in emotional self-regulation (Blakemore, 2018; Casey et al.
2008, 2015). The young person’s neurobiology is fast developing
(Blakemore, 2018), and at the same time experiencing a
demanding social environment with many changing factors.
These factors combined are known to make the young person,
especially during adolescence, vulnerable and thus more prone to
mood disorders, such as anxiety and depression (Silk et al., 2012).

In the research on adolescent decision-making, the study of
emotion and its impact on decision-making is a central topic and
has been for some time (Brand et al., 2006; George andand Dane,
2016; Loewenstein et al., 2001; Phelps et al., 2014; Schmaal et al.,
2016; Sonuga‐Barke et al., 2016). In order to grasp the dysregu-
lation of emotion, we first provide a brief overview of the com-
plicated nature of emotion itself. The definition of affect and
emotion is controversial and complex, laden with ambiguous
labels and cultural challenges (Damasio, 1994; Guttenplan, 1994;
Scherer, 2005, 2011). Affect is described as the pre-embodied,
non-linear experience of sensation (‘out of mind’) before
becoming conscious (‘in the mind’) (Dunn et al., 2006; Massumi,
1995). Studies suggest affect is the biological sensory state that
occurs moments prior to any action and expression (such as
decision-making) (Damasio, 2000; Harrison et al., 2010;
Massumi, 1995). Some researchers suggest that only when aided
by volition and cognition does affect give rise to a discrete
reaction or emotion (Massumi, 1995).

Emotions are hypothesized to enable us to actively discern
stimuli and events that have an impact on guiding our behaviour
and mainly to move us away from threat and protect us from
harm (Frijda, 2017). Evolving in the human brain over many
years, emotions play an important positive part in our overall
decision-making (LeDoux, 2000, 2003). Although there are dif-
ferences between bio-regulatory affect and the subjectively
experienced emotion triggered by many objects or events (rather
than one object or event), they are also interdependent (Griffiths,
1997). For example, it has been suggested that defects in our
biological system, such as difficulty processing affective visual
stimuli, underlie prolonged mood disorders and phobias
(Adolphs and Pessoa, 2010). Here, the subject has difficulty
processing social and emotional cues that arise automatically
from environmental stimuli, which leads to variability in how the
information is understood. Impairments of this nature affectively
disable the subject, their environment becoming a permanently
threatening place to live in and having a mainly negative impact
on their mood.

The delicate nature of grasping affect, emotion, and associated
states, dysregulated or not, makes their evaluation in a scientific
setting highly problematic (Damasio, 2003; Power, 2010). To
complicate matters even further, research suggests that it is not so
much the aetiology of affect and emotion that matters, but rather

how emotions are expressed, or how aware a person is of their
reactions (Kuhnen and Knutson, 2005, 2011). Importantly, pro-
longed mood should not be confused with mood in general or
incidental mood, the latter described as a person’s state associated
with an immediate choice or task. Research has found that
memory of past experiences or future glimpses of an experience
are enough to induce mood states and bias decision-making,
influencing it in problematic ways (George and Dane, 2016).

Anxiety and depression in decision-making
Negative emotional states do not impact decision-making in the
same way as prolonged mood states—such as trait anxiety and
depression. Trait anxiety, a serious influencer for stress-induced
depression is known to negatively influence a young person,
leading to sub-optimal behaviour, as well as problematic phy-
siological changes later in life (Galván and Tottenham, 2016;
Heim and Nemeroff, 2001; Weger and Sandi, 2018). Unlike
negative affect that may only be present for a period, anxiety in
the absence of threats, may continue to persist and lead to mood
disorders such as anxiety and depression. In such cases, negative
biases toward threats continue to persist and impact a person’s
decision-making in a very problematic way, mainly because
threats become exaggerated (Caceda et al., 2014). The empirical
literature demonstrates that people of all ages who are influenced
by dysregulated emotion (Brand et al., 2006), such as those pre-
sented in mood disorders, may be unaware that the way in which
they make decisions leads to sub-optimal consequences (Chang
and Sanfey, 2008; Harle et al., 2010; Weiss et al., 2015). For
example, older economic studies empirically evaluating risk atti-
tudes in early adulthood found that risk avoidance was prominent
in the anxious clinical population—as compared to the healthy
population where researchers had stimulated negative affect for
experimental purposes (Maner et al., 2007).

It is well known that anxiety is a response to ever-present
factors of uncertainty in daily life, which is associated with
helping mitigate any kind of threat (Caceda et al., 2014). In such
cases, anxiety can be understood as a positive response under
certain conditions in that it helps the subject avoid what could be
a disaster (George and Dane, 2016; Kuhnen and Knutson, 2011).
One study assessing the impact of anxiety (termed ‘utility anxi-
ety’) on gambling decisions in young adults identified that such
conditions allowed a subject to be more ‘psychologically prepared’
and thus gave the subject more time to be more informed (Wu,
1999). This is also known as the ‘risk as feeling’ hypothesis
(Loewenstein et al., 2001, p. 270). Emotion here is referred to as
an ‘anticipated’ emotion, and not to be confused with ‘antici-
patory’ emotion (Loewenstein et al., 2001, p. 267). The latter is
the immediate or felt state, or the fear of the risk at hand, whereas
the former refers to the state of being afraid of what could be.

Multidisciplinary studies evaluating the impact of depression
on decision-making in youth aged 18–25 years using economic
tasks and functional magnetic resonance imaging, found that
suboptimal behaviour persisted, with a decrease in sensitivity to
risky decision-making (Gao et al., 2021). When evaluating risk
attitudes in a clinical population with major depressive disorder
this study found that as compared to the healthy cohort, the
depressed group had decreased sensitivity to risk levels (Gao
et al., 2021). Another economic decision-making study in uni-
versity undergraduates assessing the effects of dopamine D2
receptor density using spontaneous eye blink rates found that
healthy subjects who rated as depressive performed better than
those subjects with lower depressive scores, where these decision-
makers were averse to losses, and therefore took less risk (Byrne
et al., 2016). A critical review evaluating the impact of depression
comparing adolescents to adults, found that reward function
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might be especially disrupted in response to social rewards, in
both the youth and ageing population (Forbes and Dahl, 2012).
These and other larger reviews (Sonuga‐Barke et al., 2016) of the
depression literature and its impact on decision-making in youth,
demonstrate that the role of dysregulated emotion can be
underestimated.

Discussion
To clearly identify the impact of prolonged mood, such as anxiety
and depression and its influence on how young people choose, we
now turn to the application of decision paradigms used in
research practices, as demonstrated by the cognitive and multi-
disciplinary approaches.

Sub-optimal decision-making. What is clear across the body of
research evaluating emotion and its dysregulation is the pervasive
aberrant and overall sub-optimal decision-making trend in youth in
general (Brand et al., 2006). This review identified several key studies
that use both the cognitive and the multidisciplinary approach to
evaluate mood disorders—anxiety and depression between child-
hood, adolescence, and young adulthood. Peer-reviewed empirical
papers for inclusion in this quantitative part of the review were
obtained by searching Science Direct, PubMed and PsycInfo. Table 5
provides a summary of studies that met our inclusion criteria.

The studies using both the cognitive and multidisciplinary
approach applying economic measures, identified that mood
disordered individuals, across all ages in youth overall performed
worse than healthy controls, but that no performance differences
were found based on the disorders specifically (Mukherjee and
Kable, 2014; Sonuga‐Barke et al., 2016). As opposed to
depression, clinical trait anxiety and its relationship to decision-
making have not been well researched in the field of behavioural
economics with its multidisciplinary capability (Hartley and
Phelps, 2012). Overall, only one study (Weinrabe et al., 2020)
evaluated youth with emerging mood disorders, with the
emphasis on trait anxiety on choice preferences.

Scholars in the field have made it clear that complex factors,
such as pre, during- and post-disease characteristics, including
multiple non-disease-related factors, severely influence whether a
link exists between anxiety and sub-optimal decision outcomes
(Paulus and Yu, 2012). Moreover, our quantitative review
revealed that methods used to describe these decision-making
trends arrive at varying results (Alvares et al., 2014; Berns et al.,
2008; Caceda et al., 2014; Han et al., 2012; Harle et al., 2017;
Kishida et al., 2010; Mukherjee and Kable, 2014; Murphy et al.,
2001, 1999). Recent robust studies have been conducted that aim
to provide insight into the degree to which decision-making is

impaired across multiple disorders and using modern technolo-
gies (Gao et al., 2021; Ji et al., 2021). In a metanalysis evaluating
the impact that anxiety and depression have on adolescent and
youth decision-making using the multidisciplinary approach, it
was found that poor decision-making would remain the overall
outcome (Sonuga‐Barke et al., 2016). The studies showed that
young people suffering from depression were more disengaged
and pessimistic in how they engaged in decision-making than in
healthy controls (Sonuga‐Barke et al., 2016).

Most authors in the studies we reviewed from the affective
neurosciences agree that prolonged anxiety, such as trait anxiety
alters neural circuitry in such a way that it influences beliefs,
motivation, and importantly the way in which the person learns
how to discern what is or is no longer a threat (Hartley and
Phelps, 2012). Clinical anxiety impacts the computation of value
and choice, and in this way, it generates a negative bias, one that
alters the decision process in the short and long term, and which
leads to sub-optimal choices (Harle et al., 2017; Murphy et al.,
1999; Swann and Snyder, 1980). These studies included
information to reveal that over many generations, natural
selection has sculpted a sophisticated system in the brain
purposed for monitoring the environment, attending to multiple
stimuli which may ‘help or harm’, and informing behaviour to
avoid the threat and seek sustenance. While useful, this
attentional system may veer into maladaptive and pathological
functioning (or dysfunction), with dysregulation biasing attention
toward threatening stimuli and leading to psychopathological
mental states. This provides evidence of anxiety and biased
attentional processes, especially so in major mood disorders
(Murphy et al., 1999). A more recent empirical study, evaluating
an Australian clinical youth population aged 18–25, found that
economic decision-making was significantly impaired for young
people suffering from anxiety (Weinrabe et al., 2020).

However, from all the studies we reviewed, no studies show
the problematic influence of the decision process itself on the
decision-maker. This was a main concern raised by another
scholar evaluating decision-making in healthy populations
(Berns et al., 2008). For example, we could ask what are the
reverse effects of sub-optimal decision-making on mood, as
opposed to prolonged mood states—such as those experienced
in youth with mood disorders, influencing decision-making?
Does impaired decision-making leading to adolescents avoiding
risk, mean they avoid learning, a necessary part of their overall
neurodevelopment, which could, in turn, impact their resilience
in adulthood? More empirical evidence is required to under-
stand the influence that external world pressures, and impor-
tantly, the role of anxiety and/or have on the young person’s
decision processes and overall health.

Table 5 Key studies investigating a multidisciplinary approach to evaluate mood disorders in youth.

Population Mood Approach Mood Approach

Age Anxiety Depression

Children (>12 yrs) Galvan and Peris (2004)a Multidisciplinary
Sonuga-Barke et al. (2016)a,b Multidisciplinary Forbes et al., (2007) Cognitive

Adolescence (12–17 yrs) Weinrabe et al. (2020)^ Multidisciplinary Han et al. (2012) Multidisciplinary
Sonuga-Barke et al. (2016)a,b Multidisciplinary
Stringaris et al. (2015)a Multidisciplinary

Adults (<18 yrs) Wu, (1999) Cognitive Han et al. (2012) Multidisciplinary
Mukherjee and Kable, (2014)a Multidisciplinary Harle et al. (2017)a Cognitive

Goa et al. (2021)a Multidisciplinary
Weinrabe et al. (2020)^ Multidisciplinary Ji et al. (2021)a Multidisciplinary

aBrain imaging measures included.
bStudies evaluating both anxiety and depression. Studies evaluating multiple age groups.
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Limitations. This review is limited to the studies evaluating mood
disorders and its impact on youth decision-making. It did not
evaluate studies that investigate additional risk factors during
adolescence and early adulthood, such as drug and alcohol mis-
use, or the influence of stressful life events. Our conclusions
demonstrate that further clinical empirical studies are necessary
to better understand the detrimental consequences on decision-
making, especially so in vulnerable youth who we argued, are
prone to emerging mood disorders at this stage of neurodeve-
lopment (Berns et al., 2008; Sonuga‐Barke et al., 2016). Very little
empirical evidence exists within a developmental psychopathology
framework (Blakemore, 2018), because most studies are focused
on either adults, and/or youth who suffer from mainly Major
Depressive Disorders, and other severe mental illnesses. However,
it is estimated that over 75% of mental health symptoms, such as
mood disorders present themselves before the young person turns
25 years old (Kessler et al., 2005). Large studies in children and
adolescents clearly show the problematic impact that severe
anxiety and chronic distress have on the young person’s long-
term health (Katz et al., 2012; Merikangas, 2010).

Publication bias is likely to exist due to so few studies that use
the multidisciplinary approach to study early stage, or emerging
mood disorders on subjective decision-making. Furthermore,
most studies were conducted in a laboratory setting where the
emotional states were induced, as opposed to in a clinical
setting; this is a major further limitation. In addition, small
sample sizes, possibly due to the challenges associated with
pinpointing mood disorders in a clinical youth population, and
the high cost of working with technologies in the affective
neurosciences are also a limitation.

Early-stage diagnoses and interventions are critical. Results taken
from a large study (N= 1483 subjects) using the clinical staging
model to evaluate young people seeking mental healthcare found
that most young people already presented with ‘attenuated’
symptoms, a stage worse than ‘help-seeking’, leading to the severe
disorders (Hickie (Hickie et al., 2013a, 2013b). Importantly, in
Australia, anxiety and depression rates are at an all-time high in
youth. 6.9% of young people up to the age of 17 years suffer from
anxiety disorders as compared with their younger peers, and major
depressive disorders are 5% higher in young people aged 12–17, as
compared with the 1.1% in children aged 4–11 years of age
(Lawrence et al., 2016). Contemporary studies have identified that
early-stage intervention for youth with depression is critical, as
opposed to addressing depression in its chronic stage (Kaur et al.,
2019; Sivertsen et al., 2015). Studies that can assist to support
clinicians evaluate critical time points where the decision process
itself impacts affective states in individuals are therefore of
tremendous value.

Concluding remarks
This review presents evidence that demonstrates how robust deci-
sion studies that apply the multidisciplinary approach in clinical
settings can be utilized to further evaluate early stages of psycho-
pathology in a youth population, as well as over the lifespan of the
young patient. It suggests that the interplay of cognition and emo-
tion on the decision-making process in unhealthy and healthy young
people is equally important to investigate. Future research could
compare both populations to evaluate the influence of the devel-
oping brain on decision-making. Investigating the critical time
points where the decision process itself impacts affective states in
individuals could further elucidate some of the challenges currently
faced in decision-making studies. Researchers have urgently called
for the qualitative evaluation of the impact of sub-optimal decision-
making, starting in adolescence and observed into adulthood for two
key reasons (Harbaugh et al., 2001). Firstly, to better understand

youth’s risk preferences to model policies to improve decision-
making; and secondly, by clarifying how such risk preferences
change over time, policymakers can have better insights into adult
behaviour.
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