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Neuroeconomics refers to a combination of paradigms derived from neuroscience, psychology, and econom-
ics for the study of decision making and is an area that has received considerable scientific attention in the recent
literature. Using realistic laboratory tasks, researchers seek to study the neurocognitive processes underlying
economic decision making and outcome-based decision learning, as well as individual differences in these pro-
cesses and the social and affective factors that modulate them. To this point, one question has remained largely
unanswered: What happens to decision-making processes and their neural substrates during aging? After all,
aging is associated with neurocognitive change, which may affect outcome-based decision making. In our study,
we use the subjective expected utility model-—a well-established decision-making model in economics—as a
descriptive framework. After a short survey of the brain areas and neurotransmitter systems associated with
outcome-based decision making—and of the effects of aging thereon—we review a number of decision-making
studies. Their general data pattern indicates that the decision-making process is changed by age: The elderly
perform less efficiently than younger participants, as demonstrated, for instance, by the smaller total rewards
that the elderly acquire in lab tasks. These findings are accounted for in terms of age-related deficiencies in the
probability and value parameters of the subjective expected utility model. Finally, we discuss some implications

and suggestions for future research.

Decision making is usually defined as the process of
considering several alternatives and choosing the optimal
one (Frank & O’Reilly, 2006; Sanfey, 2007b). The conse-
quences of the choices we make vary in impact (e.g., which
newspaper vs. which house should I buy?). However, most
decision-making tasks used in the lab are strongly simplified
(e.g., do I choose a $1 reward now or a $5 reward later?).

The newly emerged field of neuroeconomics—a com-
bination of neuroscience, psychology, and economics—
focuses on the neurocognitive processes underlying
economic decision making and outcome-based decision
learning, as well as individual differences in these pro-
cesses and the social and affective factors that modulate
them, by using realistic tasks. One well-known example is
the Ultimatum Game, in which 2 participants need to di-
vide money. The first player proposes a division scheme;
if the second player accepts the suggestion, the money is
divided as planned. However, if the second player refuses,
no one gets any money. This realistic task is suitable for
use in an fMRI scanner (with either a real or a computer-
simulated proposer) and has led to insight into the neural
substrata underlying a specific form of economic deci-
sion making (for a review, see Krueger et al., 2007). In
addition, this game, unlike many standard lab tasks, takes
social interaction into account.

Building on combined insights from behavioral eco-
nomics, experimental psychology, and the cognitive neu-

roscience of reward processing, recent neuroeconomics
research (Sanfey, 2007b; van Winden, Stallen, & Rid-
derinkhof, 2008) has revealed a number of key themes:
First, what are the differences and similarities in the neu-
ral processing of monetary vis-a-vis social rewards; sec-
ond, what is the role of emotions and affective processes
in economic decision making and outcome-based deci-
sion learning; third, how are our decisions modulated by
our understanding of the intentions of others? The brain
circuits (most prominently the striatal reward circuitry,
the orbitofrontal cortex [OFC], the medial frontal cor-
tex [MFC], and the insula) and neurotransmitter systems
(most prominently the dopamine system) associated with
each of these themes will be discussed in detail in the next
section.

One question that arises in neuroeconomics is whether
and how decision-making and learning processes are af-
fected by aging. Aging is often accompanied by structural
and functional neurocognitive change (see, e.g., Bickman,
Nyberg, Lindenberger, Li, & Farde, 2006) that may well
influence decision making, and the elderly have to make
many consequential decisions in daily life, both before
and after retirement. The number of elderly people and
their longevity have increased in both the United States
and Europe (Kovalchik, Camerer, Grether, Plott, & All-
man, 2005; Mather, 2006); for instance, in the Nether-
lands, the percentage of people over 65 years of age has
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increased from 6% in 1900 to 14% in 2007 (and is esti-
mated to be 24% by 2050). The elderly therefore make
up an increasingly significant part of the population, and
their decisions can influence our society’s economy and
politics (Kovalchik et al., 2005); thus, it is important to
study their economic decision-making processes. Poor
decision makers, and especially older decision makers,
have been shown to be particularly vulnerable to deceptive
advertising (Denburg et al., 2007).

A major question that arises is whether the decision-
making and -learning processes of the elderly actually dif-
fer from those of younger persons. For instance, a common
assumption holds that the elderly may be more conserva-
tive in decision making, but scientific evidence for this
assumption is scarce and inconsistent (e.g., Chou, Lee, &
Ho, 2007; Deakin, Aitken, Robbins, & Sahakian, 2004;
Mather, 2006). Related to this assumption is the purported
positivity bias of elderly participants: Elderly people are
often thought to display a tendency to ignore or even avoid
negative information (or decisions associated with nega-
tive outcomes) in favor of positive information. Although
evidence in favor of such a bias has been reported (see,
e.g., Mather & Knight, 2005), the existence of the positiv-
ity bias has not been unequivocally established. For in-
stance, when elderly participants were distracted during
task performance, they paid more attention to negative

than to positive stimuli (Knight et al., 2007). Although a
thorough evaluation of the positivity bias in older adults is
beyond the scope of this article, evidence in favor of such
a bias will be presented occasionally. In any case, this bias
should be kept in mind while interpreting neuroeconomic
decision-making results (see the section on conceptual is-
sues of aging and decision-making research, near the end
of this article).

A Model of Decision Making

The processes associated with decision making have
been captured in a number of models. One of these is the
subjective expected utility model (e.g., Sanfey, 2007a;
Sanfey, Loewenstein, McClure, & Cohen, 2006), which
defines the utility attached to each given outcome as the
product of the probability and the value of that outcome—
that is, utility = Zp(x;)u(x;), where p is the probability
and u the subjective value of a possible outcome. As an
illustration, consider Figure 1, in which the following ex-
ample is depicted.

As you go to work, you look outside and decide that
it might rain today. Therefore, you are presented with a
choice—to bring an umbrella to work, or to leave it at
home (taking the risk of getting wet). As can be seen in
the figure, each choice is associated with two possible out-
comes: It might or might not rain. To demonstrate the ro-

Options Outcomes  Probability Value Expected Utility
(%)
Rain 50 100 50
A: Bring
umbrella
No rain 50 50 25

Choice

B: Do not

bring

umbrella

No rain

S(option A) =75

30

Z(option B) = 35

Figure 1. An illustration of the subjective expected utility model, depicting the
“steps” involved in the model. In the illustration, a decision maker starts with a dichot-
omous choice (to bring or not bring an umbrella to work). Each option is associated
with possible outcomes (rain or no rain), and each outcome has a given probability. To
illustrate that this model works, to some extent, even under conditions of uncertainty,
these probabilities have all been set to 50%. Finally, an expected utility is calculated by
multiplying the probability and value for each outcome. These utility values are then
summed per option; the higher this total value, the more desirable is the associated
option. In this illustration, bringing an umbrella to work is more desirable than not

doing so, regardless of whether it rains.
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bustness of the model, these options are given equal prob-
abilities of occurring (a 50% chance). The four options
(umbrella and rain, umbrella but no rain, no umbrella and
rain, no umbrella and no rain) are each awarded a subjec-
tive value (the higher the value, the more desirable the out-
come). These values can be pretty much anything: They
are subjective, and they can be used by the decision maker
to arrange the given options on a scale from most to least
desirable. As can be seen in the figure, the highest value
is given to bringing an umbrella and there being rain (after
all, in this situation, one might be happy to have brought
an umbrella). On the other hand, the option of not bringing
an umbrella and so being rained on is awarded the lowest
subjective value (because one will get wet). Finally, the
subjective expected utility is calculated by multiplying the
probability and value parameters; again, the higher this
value, the more desirable it is. The various subjective utili-
ties associated with each outcome are then summed, with
the highest value representing the most desirable choice.
As is apparent from the figure, bringing an umbrella to
work is the most optimal choice, whether it rains or not.

Although this model is a simplification of neuropsy-
chological decision-making processes, it is parsimonious,
and its parameters and outcome variable have been re-
lated meaningfully to activation in various brain circuit-
ries. Therefore, the subjective expected utility model may
serve as a valuable and—perhaps more importantly—
representative example of a guiding framework for de-
scribing the processes associated with decision making.
As stated above, the model consists of two parameters
and an outcome variable, utility. The utility of a given
possible outcome is calculated by multiplying the prob-
ability and the subjective value of that outcome. Because
of its parsimonious and relatively straightforward nature,
this model can be applied to many economic decision-
making tasks, rendering it useful—though obviously not
exclusive—as a descriptive framework for understanding
outcome-based decision making in a variety of laboratory
paradigms. Moreover, in view of the link of the model to
brain areas, it may also aid in making predictions regard-
ing the effects of aging, because the age-related effects on
many of the brain areas associated with this model have
been well charted in the literature.

Goals of This Article

The goals here are twofold. First, we seek to ascertain
whether there is any evidence for age-related alterations in
economic decision-making processes and outcome-based
decision making (caused by structural and functional brain
decline related to aging). Second, we discuss pitfalls with
regard to outcome-based decision-making research with
older adults as participants, suggest some possible solu-
tions, and outline directions for future research. To this
end, a number of studies that address the issue of aging
and outcome-based decision making will be reviewed.
There does not appear to be a clear-cut definition within
neuroeconomics of what constitutes a decision-making
task. Therefore, in this article, a number of tasks that deal
with decision making and decision learning under condi-

tions of uncertainty, typically with the goal of maximizing
reward, will be regarded as economic decision-making
tasks. Examples would be the lowa gambling task (dis-
cussed in a later section), which is known to recruit the
ventromedial OFC (Bechara, Damasio, Damasio, & An-
derson, 1994), and probabilistic learning tasks (in which
a participant’s correct responses are rewarded according
to a stochastic schedule—e.g., the probabilistic object re-
versal task described below), which have been indicated to
recruit, among other areas, the striatum (see, e.g., Haruno
& Kawato, 2006). Probabilistic learning involves (eco-
nomic) decision making because it relies on knowledge
of previous choice—outcome contingencies. In this article,
first we cover the brain areas and neurotransmitters asso-
ciated with economic decision making and the effects of
aging on these brain circuits. Then we review the literature
on the neuroeconomics of aging, after which some con-
ceptual and methodological problems are described, as
well as some directions for future research.

Brain Areas and Neurotransmitter Systems
Associated With Economic Decision Making

Economic decision making depends on a number of
brain circuits and neurotransmitter systems, and many of
these have been linked to the parameters of the subjec-
tive expected utility model (Sanfey et al., 2006), as de-
tailed below. In this section, these parameters will be used
as a guideline to survey the brain areas associated with
economic decision making. Subsequently, two relevant
neurotransmitter systems and their importance in eco-
nomic decision making will be explored.

Brain Areas Associated With
the Probability Parameter

Several studies have begun to delineate the relation of
the probability parameter of the subjective expected util-
ity model to neural activation patterns (e.g., Sanfey et al.,
20006). For instance, Knutson, Taylor, Kaufman, Peterson,
and Glover (2005) showed that activity in the MFC cor-
relates with anticipated gain probability. The dorsal stria-
tum, in particular the caudate nucleus, has been linked
extensively to computations of reward prediction error
(i.e., the discrepancy between an expected reward and the
reward actually received), which are based on calculations
of reward probability (cf. Schultz, 2000, 2002). Reward
prediction error computations in the dorsal striatum play a
key role in linking reward to behavior (Knutson & Cooper,
2005) and form the basis of action—contingency learning,
the learning of probabilistic action—reward links (Bal-
leine, Delgado, & Hikosaka, 2007), and action-oriented
decision making, in particular in the selection of actions
associated with the greatest possible reward (Hikosaka,
Bromberg-Martin, Hong, & Matsumoto, 2008).

Note that a few studies have linked the ventral rather
than the dorsal striatum to the probability parameter of
the subjective expected utility model. For instance, Mat-
thews, Simmons, Lane, and Paulus (2004) showed that the
nucleus accumbens is activated during deliberation prior
to the selection of risky as opposed to “safe” responses.
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Nonetheless, the dominant picture is that the ventral stria-
tum represents reward magnitude (i.e., value; see the next
subsection), whereas the dorsal striatum is associated with
reward probability.

In the Prisoner’s Dilemma game, participants estimate
the likelihood that their cooperation will be reciprocated.
Reward prediction errors in this task refer to the discrep-
ancy between predicted and actual reciprocity. Positive
reward prediction errors (as elicited by reciprocated coop-
eration) have been found to correlate with increased activ-
ity in the striatal reward circuitry, whereas negative reward
prediction errors (elicited by unreciprocated cooperation)
have been associated with decreased activation in that area
(Delgado, Frank, & Phelps, 2005; King-Casas et al., 2005;
Rilling, Sanfey, Aronson, Nystrom, & Cohen, 2004). For
instance, activity of the dorsal striatum has been linked
to the amount of reciprocity a participant had shown in
previous trials; activation of the dorsal striatum appears to
lead to increased cooperation in subsequent trials, thereby
guiding decisions about reciprocity (King-Casas et al.,
2005). Thus, the dorsal striatum (especially the caudate
nucleus) appears to register social prediction errors as a
guide for decisions about reciprocity (Sanfey, 2007a).

The ability to understand the inner motivations of others
(often referred to as possessing a theory of mind ) might be
indirectly related to the assessment of outcome probabil-
ity. After all, skills in divining and predicting a partner’s
mental states and intentions are crucial in decision-making
tasks that require social interaction (be it cooperative or
competitive) with a partner in order to maximize a reward.
The capacity of theory of mind (often referred to as men-
talizing) has been studied extensively—in part because
of its suggested importance in autism—and a network of
brain areas has been associated with it, most notably the
anterior paracingulate cortex (APCC) and the posterior
superior temporal sulcus (pSTS) (Amodio & Frith, 2006;
Baron-Cohen et al., 1999; Brunet, Sarfati, Hardy-Baylé,
& Decety, 2000; Gallagher & Frith, 2002; Gallagher et al.,
2000; McCabe, Houser, Ryan, Smith, & Trouard, 2001;
Saxe, 2006). Studies have indicated activity in both these
areas when participants were involved in reasoning about
and acting upon the beliefs and intentions of opponents
during decision-making tasks (e.g., by trying to guess an
opponent’s strategy; Bhatt & Camerer, 2005).

In the trust game, a two-person sequential game, the
first player to move decides either to terminate the game
(which leads to a fixed equal payoff to both players) or to
let the other player (the trustee) choose between an option
in which both players would be better off and an option in
which the trustee would benefit but the first player would
lose, as compared with the payoffs if the game were ended
by the first mover. The APCC is activated when trustees
make cooperative decisions—that is, when they choose not
to be selfish but to go for the option in which both players
benefit (Krueger et al., 2007; McCabe et al., 2001). Stud-
ies that have examined theory of mind by asking partici-
pants to mentalize about characters (instead of real human
beings), on the other hand, have consistently observed ac-
tivation of the pSTS area (Brunet et al., 2000; Castelli,
Happé, Frith, & Frith, 2000; Gallagher et al., 2000). It

has been suggested that the role of the pSTS is related
to an initial analysis of social cues to provide a signal
of the intention of another individual (Allison, Puce, &
McCarthy, 2000).

Brain Areas Associated With
the Value Parameter

The value parameter of the subjective expected utility
model has been examined extensively in relation to neural
activation patterns, so a large body of literature relates
brain areas to valuing and to subsequently choosing a re-
ward. The brain areas associated most prominently with
this parameter are the ventral striatum and the OFC (San-
fey et al., 2000).

The OFC has long been implicated in representation
of reward magnitude (e.g., by Knutson & Cooper, 2005).
In addition, the striatal dopamine system—consisting of
(most notably) the caudate nucleus, the putamen, and the
nucleus accumbens, as well as the dopaminergic projec-
tions onto these areas from the substantia nigra and the
ventral tegmental area—is thought to process reward
magnitude, and thus to be crucially involved in reward-
based decision making (Cromwell & Schultz, 2003). In
particular, the ventral striatum (mostly the nucleus ac-
cumbens) has been shown to encode reward magnitude in
single-cell recording studies in animals as well as in fMRI
studies in humans (e.g., Knutson & Cooper, 2005; Rolls,
2004). Computations in circuitries involving mainly the
ventromedial OFC and ventral striatum play a key role in
reward-based reversal learning (Cools, Clark, Owen, &
Robbins, 2002), reflecting the need to update the reward
values associated with responses to specific stimuli.

Interestingly, the acquisition of friendship and social
approval, which is an important incentive in human social
behavior, was found to activate the same ventral striatal re-
ward circuitry as monetary rewards (Giiroglu et al., 2008).
Likewise, observing a charity receiving money was found
to activate the same striatal reward circuitry as monetary
payoffs to oneself (Harbaugh, Mayr, & Burghart, 2007).
These results endorse the notion of a common “neural
currency” of reward value, irrespective of whether the re-
ward is monetary or social in nature (see, e¢.g., Montague
& Berns, 2002).

Although emotional reasoning was not incorporated
into early economic decision-making theories, the ad-
vent of neuroeconomics has indicated its importance in
economic decision making (e.g., Glimcher & Rustichini,
2004). Emotions can be assumed to be relevant in the
valuing of reward outcome. Fairness norms, in particular,
play a role in the modulation of social relations (Dawes,
Fowler, Johnson, McElreath, & Smirnov, 2007). In a
decision-making context, negative emotional states can be
caused by a lack of reciprocity or (feelings of) inequity. A
number of brain areas have been implicated in emotional
modulations of decision making, such as the OFC, the
anterior cingulate cortex (ACC), the amygdala, and the
insula (for a review, see van Winden et al., 2008).

The ventromedial OFC has been shown to be impor-
tant in the affective appraisal of the consequences of one’s
choices, thus emotionally coloring the assessed reward
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value (Bechara & Damasio, 2005). The anterior insula has
been suggested to encode social interactions in terms of
aversion or the unfairness of the other’s offer, thus rep-
resenting the social value of a reward, and to encourage
or discourage trust and positive responses (Montague &
Lohrenz, 2007; Sanfey, 2007b). Activation in the anterior
insula was greater when participants in the Ultimatum
Game were offered unfair instead of fair shares of money;
this activation became more pronounced as the unfairness
of the offer increased, and interestingly, the stronger the
activation of the anterior insula, the higher the probability
that the participant would decline the unfair offer (Sanfey,
Rilling, Aronson, Nystrom, & Cohen, 2003). This brain
area has also been associated with responses to painful
and repulsive stimuli (Calder, Lawrence, & Young, 2001;
Derbyshire et al., 1997) and is thought to map physio-
logical body states (Critchley, Elliott, Mathias, & Dolan,
2000). This may imply that anterior insula activation la-
bels an unpleasant interaction as physically aversive, and
thus serves as a mechanism to avoid future interactions
with a certain partner (Sanfey, 2007b).

Neurotransmitter Systems Associated With
Economic Decision Making

In addition to the abovementioned brain areas, specific
neurotransmitter systems are hypothesized to be impor-
tant in economic decision making, most prominently do-
pamine and serotonin.

The importance of dopamine is evidenced by the wide
distribution of its receptors throughout the aforementioned
midbrain reward centers. The neurons in the mesolimbic
and mesofrontal pathways project from the ventral teg-
mental area into various limbic areas of the brain (includ-
ing the nucleus accumbens) and into all frontal brain areas.
The neurons in the nigrostriatal pathway project from the
substantia nigra into the dorsal striatum. Because of the
importance of these midbrain systems in the detection and
prediction of rewarding stimuli (Schultz, 2000), it seems
plausible that outcome-based economic decision-making
tasks depend on the dopaminergic neurotransmitter sys-
tem. Because of the importance of dopamine in both the
dorsal and ventral striatum, the functionality of this neu-
rotransmitter can be tentatively related to either the value
parameter or the probability parameter of the subjective
expected utility model (cf. Fiorillo, Tobler, & Schultz,
2003, and Tobler, Fiorillo, & Schultz, 2005, in which do-
pamine neurons have been associated with coding reward
probability and value, respectively). Moreover, many of
the brain circuits involved in reward processing are also
innervated by serotonin neurons. Thus, neither dopamine
nor serotonin can be assigned unequivocally to one model
parameter, although some patterns appear to emerge.

Dopaminergic firing can increase and decrease sub-
stantially from its baseline levels to support discrimina-
tion between the outcome values of different responses.
Transient bursts of activity are elicited initially by unpre-
dicted rewards and, as learning progresses, also by stimuli
that predict the delivery of reward; phasic dips of activity
(below baseline) occur when an expected reward is not de-
livered (Holroyd & Coles, 2002; Pan, Schmidt, Wickens,

& Hyland, 2005). Such changes in dopaminergic activ-
ity in the dorsal striatum correlate with incentive learn-
ing (to select decisions leading to positive outcomes) and
avoidance learning (to avoid decisions leading to negative
consequences; Schultz, 2002). The efficacy of recently ac-
tive synapses may be reinforced by a burst of extracellular
levels of dopamine acting as a teaching signal, serving to
strengthen (or learn) rewarding behaviors (Suri, Bargas, &
Arbib, 2001). Phasic bursts of dopamine in the striatum,
as elicited by reward, transiently enhance activation in the
so-called direct pathway within the basal ganglia, while
suppressing activation in the indirect pathway (Frank,
Seeberger, & O’Reilly, 2004). This pattern serves to re-
inforce the association between the stimulus and the ac-
tion (represented in premotor cortex) that yielded a reward
(incentive learning, or learning to select choices predomi-
nantly associated with positive outcomes). Phasic dopa-
mine dips, as elicited by the absence of expected reward,
lead to the opposite pattern, serving to trim down the as-
sociation between the stimulus and the action that failed
to yield a reward (avoidance learning, or learning to avoid
selecting choices predominantly associated with negative
outcomes). Parkinson’s patients on dopaminergic medi-
cation show deficiencies in avoidance learning, whereas
they are proficient in incentive learning. However, this
pattern is reversed when the patients are taken off medi-
cation: Now they show impaired incentive learning but
intact avoidance learning (Frank et al., 2004). Thus, high
and low tonic levels of dopamine are associated with in-
centive learning and avoidance learning, respectively. In
this regard, the role of dorsal striatal dopamine in learn-
ing to predict which actions enhance the probability of
obtaining a reward relate explicitly to the probability pa-
rameter of the subjective expected utility model. However,
dopaminergic projections into the ventral striatum support
reversal learning (Cools et al., 2002), which (as argued
above) relates to the value parameter.

The serotonin system also appears to be relevant for
economic decision making, although it has been studied
considerably less extensively than dopamine. Reductions
in serotonin can impair decision making by enhancing
the effect of punishment relative to reward (Chamberlain
et al., 2006; Cools, Roberts, & Robbins, 2008). Deple-
tion of the serotonin precursor tryptophan has been found
to yield reduced discrimination between the magnitudes
of the expected gains associated with different choices.
This suggests that serotonin mediates decision making in
healthy volunteers by modulating the processing of reward
cues (Rogers et al., 2003), perhaps by facilitating the eval-
uation of future rewards (Schweighofer, Tanaka, & Doya,
2007), which in turn suggests that serotonin functionality
corresponds to the value parameter of the subjective ex-
pected utility model. Serotonergic neurons project into the
basal ganglia, controlling phasic dopamine release into
the striatum, and thereby the time scale of reward pre-
diction, modulating the adequate computation of reward
prediction errors (Schweighofer et al., 2007; Tanaka et al.,
2004). It therefore seems plausible that serotonin func-
tionality corresponds not only to the value parameter but
also to the probability parameter. The latter suggestion re-
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ceives support from a tryptophan depletion study (which
serves to reduce serotonin levels and enhance responsive-
ness to aversive signals) in which tryptophan depletion
facilitated the prediction of punishment (Cools, Robinson,
& Sahakian, 2008).

Many of the brain areas, and both of the neurotransmit-
ter systems, mentioned here are susceptible to the effects
of aging. This, along with the subsequent effect on deci-
sion making, is the focus of the next section.

Economic Decision Making
and Neurocognitive Aging

To describe the effect of aging on economic decision
making, a concise overview of the effects of aging on the
brain areas associated with economic decision making
will first be presented. That subsection serves mainly to
create a context for the review of behavioral and neuroim-
aging findings that follows it in three subsections. The
first of these deals with findings related to the probability
parameter of the subjective expected utility model, the
second describes studies that relate to the value parameter
of this model, and the final subsection covers the poten-
tial role of dopamine in decision making. Impairments
in either (or both) of the parameters due to age-related
neurocognitive decline would be expected to lead to less
than optimal decision making, because any such effect
would render the subjective utility of each given outcome
suboptimal. Age-related impairments in the probability
parameter might lead to problems with the performance
of tasks that capitalize on probabilistic rewarding; age-
related impairments in the value parameter might lead to
problems with assessing both the magnitude and the ap-
preciation of a given reward or outcome. In light of the
changes in these parameters with age, the final subsection
discusses the specific role of dopamine in decision mak-
ing in some depth.

It should be pointed out once more that no clear-cut
definition exists of what constitutes a (neuro)economic
decision-making task. Therefore, a variety of tasks that
deal with outcome-based decision making and decision
learning will be discussed in this section; after all, such
tasks require optimal decision-making strategies in order
to maximize a reward, and therefore they seem to fit in
well with the research goals of neuroeconomics. Terms
that are just as hotly debated as the nature of an economic
decision-making task are aging, old, and elderly. Natu-
rally, no clear, age-related cutoff scores allow us to desig-
nate a person as “old.” The ages of participants in the stud-
ies we reviewed ranged from the mid-60s to the mid-80s.
Obviously, such a range in age across studies is no minor
issue and is a well-known problem in aging research. In
most of the studies we report here, the old participants
were about 60 years of age on average, which should allow
for fairly comparable results.

The Effect of Brain Aging on
Economic Decision Making

Aging of the brain is accompanied by atrophy (e.g.,
through cell shrinkage; Raz et al., 2005) and neuronal
loss, both through the process of apoptosis (programmed

cell death) and pathology-related necrosis. However,
aging does not affect all brain areas to an equal extent
(Band, Ridderinkhof, & Segalowitz, 2002; Grieve, Wil-
liams, Paul, Clark, & Gordon, 2007; Raz, Williamson,
Gunning-Dixon, Head, & Acker, 2000; Woodruff-Pak,
1997). For instance, the insula is known to show a par-
ticular vulnerability to the effects of age. Allen, Bruss,
Brown, and Damasio (2005) have described that the gray-
matter volume of this area declines linearly with age, an
effect also reported by Good et al. (2001). Interestingly,
the elderly have shown extra recruitment of the insula in
a motor task used by Heuninckx, Wenderoth, Debaere,
Peeters, and Swinnen (2005), possibly as a compensation
for age-related decline in functionality. The OFC is also
susceptible to age-related deterioration (Resnick, Lamar,
& Driscoll, 2007), although the absolute amount of neu-
ronal loss in this area is not exceptional (Band et al., 2002).
Band et al. have also discussed an age-related loss of do-
pamine receptors in the ACC, which may lead to declined
performance in the elderly; in addition, a loss of ACC gray
matter in the elderly has been reported (Good et al., 2001).
The gray-matter volume of the STS has also been dem-
onstrated to decline, the percentage varying from 12% in
7- to 60-year-olds to 24% in 40- to 87-year-olds (Sowell
et al., 2003). Finally, structural age-related decline has
been observed in dorsal as well as ventral striatum vol-
umes (Matochik et al., 2000; Raz et al., 2003; Walhovd
etal., 2005).

The striatal areas that are relevant in economic deci-
sion making are rich in dopamine and serotonin receptors.
The number of dopamine receptors is known to decline
quite severely in old age, which leads to a cognitive de-
terioration (see, e.g., Backman et al., 2006). The striatum
appears to be particularly affected by age (Kaasinen &
Rinne, 2002), but other areas (especially in prefrontal
cortex) are affected as well (Kaasinen et al., 2000). Like
the dopaminergic neurotransmitter system, the serotonin
system is affected by age (Wang et al., 1995), which is
particularly evidenced by a decline in the density of sero-
tonin binding sites (Woodruff-Pak, 1997).

These structural age-related changes in the brain are
typically accompanied by functional declines in the cog-
nitive processes subserved by the affected neural circuits
and neurotransmitter systems (Bickman et al., 2006;
Band et al., 2002; Reuter-Lorenz & Lustig, 2005). This
neurocognitive change is likely to interfere with economic
decision making. As reviewed above, the MFC, dorsal stri-
atum, aPCC, and pSTS have all been found to be linked
specifically to the probability parameter of the subjective
expected utility model, whereas the OFC, ventral striatum,
insula, and ACC have been specifically related to the value
parameter. Since most of these brain areas are subject to
structural age-related decline, one would expect the elderly
to have difficulty with correctly assessing both the prob-
ability and the value of possible outcomes, which should
lead to less-than-optimal decision-making strategies. Fur-
thermore, learning contingencies between actions and out-
comes may become more difficult if the dopamine and
serotonin systems are affected by age and not functioning
optimally. Age-related declines in both of these neuro-
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transmitter systems may have detrimental consequences
for either the probability or the value parameter; hence, de-
terioration of these systems may lead to less-than-optimal
decision-making performance by older adults.

In this subsection, a concise overview of the effects of
aging on brain areas relevant to decision making was pre-
sented. In the next ones, the effects of these age-related
changes on economic decision making will be discussed
extensively.

Neuroeconomics and Aging:
The Probability Parameter

One decision-making factor indirectly related to the re-
ward probability parameter is conservatism. Popular be-
lief holds that older adults are relatively risk averse: They
tend to take fewer risks by choosing safer options (see,
e.g., Lee, Leung, Fox, Gao, & Chan, 2008). This prefer-
ence was not confirmed, however, in a study by Kovalchik
et al. (2005), who reported that seniors did not make more
conservative decisions than younger participants did. This
issue must await further empirical investigation, because
surprisingly few studies have actually addressed the issue
of conservativeness in economic decision making (Chou
et al., 2007; Deakin et al., 2004; Mather, 2006).

A number of studies have examined changes in proba-
bilistic learning with age on the basis of reward prediction
error. Typically, older participants need more trials to reach
a learning criterion (see, e.g., Mell et al., 2005; Schmitt-
Eliassen, Ferstl, Wiesner, Deuschl, & Witt, 2007). Doc-
umented age-related deficits in learning new stimulus—
action—reward associations have been linked explicitly to
dorsal striatal dopaminergic declines (Fera et al., 2005;
Frank & Kong, 2008; Nieuwenhuis et al., 2002). Struc-
tural age-related reductions in baseline levels of DA may
render the transient DA bursts insufficiently powerful to
support incentive learning, whereas DA dips serve to am-
plify avoidance learning by depleting postsynaptic recep-
tors from dopaminergic transmission even further. Thus,
as compared with younger adults, who tend to be incentive
learners, older adults tend to be avoidance learners (Frank
& Kong, 2008), similar to Parkinson’s patients who suffer
from striatal DA deficiencies and show deficient incen-
tive learning and amplified avoidance learning (Shohamy
et al., 2004).

Other studies on age changes in probabilistic learning
make use of varieties of the lowa gambling task, in which
participants have to pick cards from several decks to earn
money. Unbeknownst to the participants, one deck con-
tains cards with large gains but, occasionally, huge losses
of money; whereas the other deck has lower gains per
card, but also smaller occasional losses. In the long run,
it is therefore advantageous to select cards from the sec-
ond deck. Kovalchik et al. (2005) observed that young and
old participants alike learned to pick the beneficial deck
of cards and that it did not take the elderly significantly
longer to learn this. The effect of aging on Iowa gambling
task performance is under debate, however. Some stud-
ies (e.g., Wood, Busemeyer, Koling, Davis, & Cox, 2005)
have shown that the elderly are capable of performing
just as well on this task as younger participants but sim-

ply use different strategies, and other studies (Kovalchik
et al., 2005; Lamar & Resnick, 2004; Stout, Rodawalt,
& Siemers, 2001) have indicated that the elderly do not
perform differently from younger participants at all. On
the other hand, age-related errors of perseveration have
also been reported: Instead of learning to pick cards from
advantageous decks, the elderly (as opposed to middle-
aged and young participants) equally often kept choos-
ing cards from both types of deck (Fein, McGillivray, &
Finn, 2007; Isella et al., 2008; MacPherson, Philips, &
Della Sala, 2002). Another study (Denburg, Bechara, &
Damasio, 2005) indicated that only a subgroup of elderly
did not learn to pick the advantageous deck at all, which
demonstrates the heterogeneity of the elderly as a group
of participants (we will come back to this point in the
Conclusion). Furthermore, Denburg, Recknor, Bechara,
and Tranel (2006) reported that the nonimpaired group
showed a higher anticipatory skin conductance reactivity
for advantageous decks, which suggests that the antici-
pation of positive outcomes might lead to more optimal
decision making in older adults.

Taken together, although studies using varieties of the
Iowa gambling task have yielded mixed results, a few of
these reports do seem to point to age-related impairment
in the probability parameter. Problems of this kind, gener-
ally speaking, would lead to less-than-optimal decision-
making strategies, resulting, for instance, in difficulties in
learning to avoid bad decks. Note, however, that this task
to some extent entails reversal learning, which is associ-
ated with the value rather than the probability parameter.
Participants will likely start off by choosing cards from a
bad deck, because this deck leads to high rewards. After
a number of trials, the participants are expected to un-
derstand that these high rewards are nullified by severe
punishments (i.e., losing a large sum of money). This ex-
perience should be incorporated into the representation
that the participants have formed of the bad decks, thereby
altering the initial representation of those decks.

Studies of age changes in multiplayer interactions, in
which the probability of a positive outcome is to be pre-
dicted or assessed on the basis of other players’ behavior,
have thus far been scarce. One study in which participants
in different age groups played the trust game with other
participants from the same age group reported that trust
remained unaltered across the adult life span (Sutter &
Kocher, 2007). Although theory of mind may be subject
to some age-related decline (Slessor, Phillips, & Bull,
2007), no age differences are observed when participants
have to take the strategies of other players into account
to maximize their own gain in the p-beauty contest task
(Kovalchik et al., 2005).

Summary. As reviewed above, the MFC, dorsal stria-
tum and its dopaminergic innervations, aPCC, and pSTS
have been found to be linked specifically to the probabil-
ity parameter of the subjective expected utility model.
Although few neuroimaging studies have been reported
that examine effects of aging on functional activation of
these areas in the context of economic decision making, a
number of behavioral and neurocomputational studies and
one fMRI study (Fera et al., 2005) begin to shed light on
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the degree to which the probability parameter is suscep-
tible to the effects of aging. A twofold pattern emerges.
First, studies that have examined age changes in proba-
bilistic learning of stimulus—action-reward associations
on the basis of reward prediction error have consistently
documented age-related deficits, which were found to be
linked explicitly to dorsal striatal dopaminergic declines.
Second, by contrast, investigations of age changes in
probabilistic learning in varieties of the lowa gambling
task have yielded a less consistent picture, with some
studies reporting age-related impairments and others re-
porting age equivalence. Studies of conservatism and risk
aversion also do not ubiquitously report that older adults
prefer safer options (with greater probabilities of smaller
rewards). Behavioral studies with the trust game and other
tasks in which the probability of positive outcome is to be
predicted or assessed on the basis of other players’ behav-
ior, associated with activation of the aPCC and pSTS, also
report no age differences in maximizing gain by assessing
other players’ strategies.

Thus, although studies of elementary probabilistic
learning do suggest age effects on the probability param-
eter, such effects cannot be confirmed unequivocally in
more complex economic decision-making tasks. The ef-
fects of aging on the value parameter are the next topic.

Neuroeconomics and Aging:
The Value Parameter

In an fMRI study using a card-guessing task that re-
warded correct and incorrect guesses with (respectively)
monetary gains and losses, the striatal signaling of outcome
value did not differ between young and older participants
(Cox, Aizenstein, & Fiez, 2008). Activation in the ventral
caudate showed reliable differentiation between rewards
and punishments for young and old alike, even though the
magnitude and extent of striatal activation were slightly
reduced among seniors. Several other neuroimaging stud-
ies with young and older adults have compared outcome
valuation during reward delivery with reward value antici-
pation (prior to reward delivery, participants viewed dif-
ferent cues that indicated whether money could be lost or
won), using the monetary incentive delay task introduced
by Knutson, Westdorp, Kaiser, and Hommer (2000). In
one fMRI study, the elderly generally responded more
slowly and made more errors than the young control group
(Schott et al., 2007). During reward value anticipation,
the young participants showed activation in the insula and
ACC as well as in the ventral striatum; the ventral striatal
activation had vanished by the time of actual reward deliv-
ery (money was won if a response was fast enough). Older
participants showed the opposite pattern: Ventral striatal
activation was not present during reward value anticipa-
tion and remained absent until actual reward delivery. A
similar study compared the anticipation of gains with the
anticipation of losses (Samanez-Larkin et al., 2007). Both
young and old participants activated the ventral striatum
and anterior insula during gain anticipation, whereas dur-
ing loss anticipation, young but not older participants
showed activation of the anterior insula. Although it is
not evident a priori whether changes in BOLD activation

reflect changes in processing efficiency or in strategy (or
both; cf. Mata, Schooler, & Rieskamp, 2007), this pattern
may be taken as evidence for a positivity bias often associ-
ated with aging (cf. Carstensen, 1992; Mather, 2006).

Support for such a bias was reported by Leclerc and
Kensinger (2008), who found a differentiation in ac-
tivation in the ventromedial OFC. In their task, partici-
pants had to observe positive and negative (emotionally
charged) as well as neutral images. The results indicated
that the ventromedial OFC was activated more strongly
by negative than by positive images in young participants,
but this pattern was reversed in the elderly. According to
these authors, this activation reversal may be the basis for
the positivity bias often reported in elderly participants
(although a recent meta-analysis by Ruffman, Henry, Liv-
ingstone, & Philips [2008] stated that this positivity effect
is quite complex: Under certain circumstances, the elderly
do not appear to avoid negative stimuli). In the context
of the findings of Samanez-Larkin et al. (2007), it would
be interesting to test the possibility that such a bias in-
fluences the elderly, perhaps by having these participants
perform an additional test in which they, for instance, have
to remember positive and negative stimuli.

Together, these studies suggest that the elderly ad-
equately recruit the ventral striatum to represent the value
of rewards but have more trouble activating it to represent
reward value in anticipation of such rewards. In terms of
the subjective expected utility model, these findings cor-
respond to minor age-related impairments in the value
parameter of the model. Such an impairment could be
expected to lead to less-than-optimal economic decision
making and might be related to failure to (sufficiently)
recruit the ventral striatum. Inadequate representation of
reward value might account also for the problems that
older adults experience with learning from feedback. If
the ventral striatum is not sufficiently recruited in encod-
ing the value of feedback, feedback might then not result
in optimal decision making—at the very least, the elderly
might need more feedback and, subsequently, more trials
to improve their performance.

The latter pattern was reported by Mell et al. (2005),
who used a probabilistic object reversal learning task,
with a stochastic payoff schedule, in which the partici-
pants had to maximize a reward. A learning criterion was
established, and once the participants reached this, the re-
ward schedule was altered. The results indicated that not
only did the elderly score fewer points than the younger
participants, but they also needed more trials to reach the
learning criterion. These results fit in with behavioral
data indicating that older participants are less efficient
than young participants at reversal learning (Chasseigne
et al., 2004; Weiler, Bellebaum, & Daum, 2008; see also
Tsuchida, Kubo, & Kojima, 2002).

Summary. As reviewed above, the OFC, ventral stria-
tum, insula, and ACC have been found to be linked spe-
cifically to the value parameter of the subjective expected
utility model. A number of behavioral and neuroimaging
studies have examined the effects of aging on the func-
tional activation of these areas in the context of economic
decision making. First, fMRI studies that have examined
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the neural representation of reward value have suggested
that the elderly adequately recruit the ventral striatum to
represent the value of rewards but have trouble activat-
ing this area to represent reward value in anticipation of
such rewards. Recruitment of the insula and ACC in re-
ward anticipation has not been found to differ among age
groups. Second, several behavioral studies have reported
age-related impairments in reversal learning, typically
associated with OFC and ventral striatum, but neuroim-
aging studies to confirm hypoactivation of these struc-
tures are still lacking. In terms of the subjective expected
utility model, these combined findings suggest moder-
ate impairments in the value parameter of the model. We
next turn to the role of dopamine in neuroeconomic deci-
sion making.

Neuroeconomics and Aging: The Roles of
Dopamine and Serotonin

Mell et al. (2005) linked their behavioral data to neu-
rological findings. The frontal cortex, basal ganglia, and
midbrain dopamine system are implied to be important in
the detection and prediction of rewarding stimuli (Schultz,
2000). The number of dopamine receptors in the striatum
is known to decline with age, the result of which may be
a cognitive deterioration caused by less efficient infor-
mation processing in the functional brain circuitries that
subserve—among other functions—reward processing
(Backman et al., 2006), which leads to less effective deci-
sion making. According to a model by Braver and Barch
(2002), the dorsolateral prefrontal cortex (DLPFC) may
perform a “gating” function that biases what information
is processed. This too might explain the decline in task
performance among the elderly: If reward representations
are monitored in the DLPFC, and age-related dopamine
decline negatively biases the information processed by
this brain area, task performance may deteriorate (see also
Frank & Kong, 2008).

Successful reward-based decision making depends
mainly on a reward system that includes dopamine pro-
jections from the ventral tegmental area to the ventral
striatum, prefrontal cortex, and amygdala (Marschner
et al., 2005). Both the dopamine and the serotonin sys-
tems are known to be affected by age (see, e.g., Wang
et al., 1995), which is characterized by receptor loss in
both the striatum and the prefrontal cortex; age-related
structural decline has also been reported, for instance in
the frontal cortex (e.g., Grieve et al., 2007). Grieve et al.
hypothesized that these functional and structural changes
of the reward system lead to a loss of behavioral flex-
ibility, and therefore a decline in performance on reward-
based decision-making tasks by the elderly. Although a
number of tasks (e.g., the Wisconsin card sorting task
and Rogers’s task) have displayed age differences in per-
formance, other tasks (e.g., the lowa gambling task) have
indicated less consistent age-related patterns. According
to Mell et al. (2005), the elderly can learn to make cor-
rect stimulus—response associations, and even adapt them
flexibly to new situations; the elderly just need more ef-
fort to accomplish this than do younger individuals. Both

structural and functional changes may underlie this ef-
fect. For instance, a decline in dopamine efficiency may
lead to an increased signal-to-noise ratio (cf. Li, Linden-
berger, & Sikstrom, 2001), which would account for the
increased effort it takes the elderly to learn reward-based
associations.

According to Li, Biele, Mohr, and Heekeren (2007),
neurotransmitter systems are essential for many (eco-
nomic) decision-making processes: Dopamine, for in-
stance, has been found to be crucial for reward-based
learning. Right after receiving a reward or a reward-
predicting stimulus, midbrain dopamine neurons show
phasic activations (Schultz, Dayan, & Montague, 1997).
A number of models have been developed in which dopa-
minergic reward signaling is quantified as a reward pre-
diction error (i.e., the discrepancy between expected and
received awards); these models can be utilized to describe
the effect of age-related dopamine decline on the dete-
rioration of cognitive functions (e.g., Nieuwenhuis et al.,
2002). A model by Li et al. (2007; Li et al., 2001) simu-
lates age-related dopamine neuromodulation by attenu-
ating “gain control of the sigmoidal activation function
that models presynaptic to postsynaptic input—response
transfer” (Li et al., 2007, p. 105). The result of a reduced
slope of this sigmoidal function, due to attenuated gain
modulation, is an increase in random activation (which
corresponds to randomly firing dopamine neurons). This
simulation of age produces increased variability in the
performance of the “aged” networks. Such a model is
useful in understanding impaired performance of the el-
derly in decision-making tasks that are dependent on the
dopaminergic system.

Despite the fact that some studies have documented a
role for serotonin in economic decision making, to our
knowledge no studies have examined the effects of normal
aging on this serotonergic modulation.

Summary. As reviewed above, the functionality of
the neurotransmitters dopamine and serotonin can be ten-
tatively related to either the probability parameter or the
value parameter of the subjective expected utility model.
The role of dorsal striatal dopamine in learning to pre-
dict which actions enhance the probability of obtaining
a reward relate explicitly to the probability parameter,
whereas dopaminergic projections into the ventral stri-
atum support reversal learning that relates to the value
parameter. The generally reported decline of dopamine
receptors throughout the striatum (dorsal as well as ven-
tral) as well as in various parts of frontal cortex may thus
affect either parameter. The role of serotonin in control-
ling phasic dopamine release into the striatum, thereby
modulating the computation of reward prediction errors,
suggests that serotonin functionality corresponds to the
probability parameter, whereas the role of serotonin in
enhancing the effect of punishment relative to reward and
in discriminating between magnitudes of expected gains
suggests that serotonin functionality corresponds to the
value parameter. Age-related declines in striatal seroton-
ergic modulation again may affect either of the model
parameters.
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The Future of Aging and Neuroeconomics:
Where to Go and What to Beware Of

The emerging patterns that derive from the reviews of
economic decision-making studies with elderly partici-
pants in the preceding section generate important insights,
but also expose hiatuses and caveats in this relatively
young field of research. Much work remains to be done
in the neuroeconomics of aging. In this section, a few av-
enues that seem promising will be discussed, as well as a
number of caveats that should be considered while con-
ducting decision-making research with older adults.

Promising Lines of Investigation

Although the subjective expected utility model is repre-
sentative of a class of widely considered models, all capi-
talizing in one way or another on the combined factors of
reward value (most often in terms of reward magnitude)
and reward probability, there are of course alternative con-
ceptualizations of decision making. One representative
example is provided by Rangel, Camerer, and Montague
(2008), who describe a model that consists of five mod-
ules: representation (of internal and external states, as well
as appropriate actions), valuation (comparable to the value
parameter of the subjective expected utility model), action
selection (choosing an appropriate response on the basis
of valuation of the possible outcomes), outcome evalua-
tion (how desirable were the outcomes of the choice?),
and finally long-term learning. In a similar vein, Doya
(2008) presents a number of formal mathematical opera-
tionalizations of factors associated with decision making
(e.g., the value of a given reward), linking neurotransmit-
ter systems and brain circuits to these computational fac-
tors. In the present report, rather than expressing a strong
preference for one (class of) model over another, we have
selected the subjective expected utility model as a descrip-
tive framework because of its parsimonious and transpar-
ent makeup, its generic representation of a wider class
of models, its well-charted links with neural activation
patterns, and its straightforward utility in illustrating, re-
viewing, and appraising the literature on age changes in
economic decision making.

As is clear from the review above, neuroimaging stud-
ies of age changes in economic decision making have been
devoted more to the value parameter than to the probabil-
ity parameter of the subjective expected utility model. It
would therefore be interesting to direct attention to study-
ing the probability parameter in order to relate it more
tightly to the activation of certain brain areas. Knutson
etal. (2005) started an interesting line of research into this
parameter, and a corroboration of their findings would
be useful and informative. Studies of such a kind should
focus on the participant’s assessment of the probability
of a given rewarding outcome and should aim at finding
activity in the nucleus accumbens and the ventromedial
prefrontal cortex (cf. Knutson et al., 2005).

Furthermore, it would be interesting to study “old-old”
seniors. Most of the studies reviewed here tested partici-
pants with a mean age of about 60 to 65. Although these
seniors might show age-related differences as compared

with younger participants, adding older elderly (say, peo-
ple well into their 70s or 80s) might add a wealth of in-
formation. An adult life span approach (which is taken by,
e.g., Juncos-Rabadan, Pereiro, & Facal, 2008, in a study
focusing on response inhibition) would be informative,
since this would demonstrate not only whether decision-
making capacity changes with age, but also the extent to
which it changes, and when. It would therefore be interest-
ing to test a large sample of participants, ranging in age
from 20 through 80. Even more useful insights might be
obtained from long-range longitudinal studies. Granted,
such studies are costly, but the costs should be weighed
against the potential contribution of studies of this kind.

Finally, it should be stressed again that neuroeconomics
can contribute significantly to our knowledge of decision
making by using ecologically valid tasks. We therefore
recommend investing time in designing paradigms of a
more realistic kind than standard laboratory tasks. Such
tasks may allow for drawing more solid conclusions about
“real-life,” as opposed to laboratory-task, decision mak-
ing. It is difficult to come up with realistic tasks, but some
of the studies reviewed above provide representative ex-
amples. For instance, the p-beauty contest task used by
Kovalchik et al. (2005) is both simple and quite realistic,
to the extent that participants need to think about the strat-
egies of other players (whether real or simulated ones) to
maximize their own gain. Granted, even this task is slightly
artificial, but it exceeds the level of simple buttonpressing
whenever a stimulus appears on a computer screen.

In all cases, studying an elderly population requires that
the researcher be aware of certain variables that do not
play a part in research with younger participants. This is
the focus of the next subsection.

Caveats and Issues Associated With Aging and
Decision-Making Research

Although interesting and topical, aging research is
characterized by a number of caveats that should be taken
into account when conducting studies with older adults.
Some general issues, such as problems with comparing
the task performance of the elderly with that of younger
participants (with all of the associated problems, such as
differences between the age groups in motivation or dif-
ferent strategies used to approach a task) or apprehension
of the elderly at being “tested,” may have played a part in
the studies reviewed here and may underlie the apparent
lack of consistent findings. The goal of this article is not
to give an exhaustive review of such confounds, pitfalls,
and traps, but nonetheless, a concise summary of some of
the specific variables is in order. For the convenience of
the reader, the following information is divided into two
subsections: The first describes some conceptual issues
for this particular line of research, and the second presents
a number of methodological issues.

Conceptual issues of aging and decision-making
research. A first problem associated with economic
decision-making research concerns the use of real money
as areward in tasks. Rewarding participants with symbolic
payoffs (such as points or fictional money) may threaten
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the realism of economic decision-making tasks, because
participants may be less motivated when they know that
they are not contending for real money. On the other hand,
money is not equally important to all participants, which is
especially relevant in aging research: Losing a $5 reward
may not be experienced as a particularly large problem
by the elderly, but a student control group may be quite
affected by losing that amount. Apart from using points
or fictional money instead of real currency, such a prob-
lem may be circumvented by using a parametrically deter-
mined reward system (as used by, e.g., Samanez-Larkin
et al., 2007), in which the absolute amounts of rewards
are not compared directly, but instead the patterns of para-
metrical reward effects are compared.

Next, in light of the findings by Samanez-Larkin et al.
(2007), it seems useful to take a possible positivity bias
among the elderly into account. After all, as these authors
suggested, such a bias might indicate that the elderly
avoid risks (because of the negativity associated with risk
taking; see Chou et al., 2007). For instance, Frank and
Kong (2008) used a probabilistic learning task in which
participants had to select one Japanese character from
cards containing two such characters. They had to learn
to select certain characters in favor of all others (incen-
tive learning), but also to avoid certain other characters
(avoidance learning). Older seniors (mean age 77) showed
enhanced avoidance learning relative to incentive learn-
ing, but younger seniors (mean age 67) did not. Clearly,
reservations in taking risks will interfere with task perfor-
mance that requires risk taking to maximize reward. This
is especially relevant, considering that some studies have
indicated that the elderly prefer to refrain from making
choices at all (for a review, consult Mather, 2006).

A further issue to take into account is that of motivation.
Many universities require students to partake in research
for course credit, which may lead young control partici-
pants to experience task participation as an obligation. It
stands to reason that this will reflect on the participants’
motivation. On the other hand, many elderly participants
are keen to participate in research, for various reasons (see
the next paragraph). Generally speaking—on the basis of
impressions from our lab—many elderly participants are
highly motivated and want to perform as well as they pos-
sibly can. Naturally, this contrast presents a problem in
research that hinges on maximizing one’s reward: Elderly
participants may do anything to perform well, and their
intrinsic motivation may not compare well with the rela-
tively more extrinsic motivation of younger participants
whose concern is to obtain course credit. Obviously, there
is no clear-cut solution to this problem, but keeping it in
mind when conducting aging research seems useful. A
minimal check could entail presenting all participants
with an exit questionnaire that ascertains their level of se-
riousness in participating and to use this data as a covari-
ate in the analysis of the study.

Neuronal loss in the DLPFC may lead to less efficient
top-down guidance, which, in turn, may interfere with ef-
fective economic decision making when several alternative
options need to be considered in relation to current goals

and intentions. With regard to the subjective expected util-
ity model, this would imply that the utility of a given out-
come would be calculated less efficiently by older adults.
For instance, since the elderly needed more trials to learn
the new reward association in the Mell et al. (2005) study,
the monitoring of previous choices and outcome process-
ing may be affected by age. An age-related reduction in
working memory capacity may underlie this decline. Such
a working memory deterioration has been linked to re-
duced functionality of, for instance, the DLPFC (Reuter-
Lorenz, 2002), an area that is implied to be important for
the monitoring of items in working memory (Curtis &
D’Esposito, 2003). Such a decline may account for the
worse performance of the elderly on a task that requires
intact monitoring skills. This generic age-related working
memory decline might affect economic decision making
in ways beyond specific effects on the probability or the
value parameter of the subjective expected utility model.

Methodological issues of aging and decision-
making research. In addition to obvious caveats, such as
the clarity (regarding both the content and the layout) of
task instructions and the reduced stamina of older adults,
scientists undertaking aging research should beware of
some specific challenges. For instance, the elderly popu-
lation is characterized by a strong heterogeneity. Whereas
students as (control) participants may be taken to be fairly
homogeneous in such respects as intelligence, reaction
time, years of education, and so on, older participants are
not. This problem cannot just be ignored, because it inter-
feres quite strongly with interpreting the results of aging
studies: Not only may older adults perform significantly
differently from younger participants, but there may be
extensive differences among seniors as well (in reaction
time, number of errors, learning curve, and so on). These
individual differences are typically reflected in error vari-
ance, which works against interpretable research out-
comes. This effect is found not only in behavioral studies,
but in neuroimaging work as well. One solution to this
problem, in the case of neuroimaging, is the use of so-
called covariance-based analysis strategies, which capi-
talize on individual differences, utilizing them to establish
the extent to which brain structures covary in their activa-
tion with the efficiency of specific cognitive processes
(an approach used successfully by, e.g., Forstmann et al.,
2008).

In relation to this point, as Marschner et al. (2005) ar-
gued, the aging brain differs considerably from that of
the young, in both structural and functional aspects. Of
course, one of the main objectives of neuroeconomics re-
search is to find out whether—and if so, how—such dif-
ferences are reflected in decision making. But if, as Mell
et al. (2005) suggested, these neurological changes result
in the elderly needing to make more effort to perform
a task well, this must be taken into account in research.
This can be done by granting the elderly a longer time
to respond or more training trials, or by accounting for
such additional effort in a quantitative way. Furthermore,
since the working memory of the elderly is known to be
affected by age (see, e.g., Zacks, Radvansky, & Hasher,
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1996), their effort may be reduced by using or developing
a task that taxes the working memory as little as possible.
For instance, the p-beauty contest task used by Kovalchik
etal. (2005) is in itself reasonably simple, although it does
suggest that participants can use quite complicated forms
of reasoning—which may be difficult if working memory
is loaded with complex task goals.

Summary, Conclusions, and Implications

The influence of aging on economic decision making
is not unequivocally established. Yet a number of behav-
ioral, neuroimaging, and neurocomputational studies have
begun to make headway in understanding how the prob-
ability and value parameters of the subjective expected
utility model are modulated by age. First, elementary
processes of probabilistic learning of stimulus—action—
reward associations are subject to age-related decline,
whereas probabilistic learning in more complex economic
decision-making tasks is less consistently associated with
age changes. These patterns suggest mild effects of age on
the probability parameter, linked mostly to dorsal striatal
declines. Second, older adults appear adequate in assess-
ing the value of rewards but show deviant processing in
anticipation of such rewards and impairments in reversal
learning. These patterns suggest more substantial, but still
moderate, effects of age on the value parameter, associ-
ated mostly with hypoactivation of the ventral striatum.

Thus, aging appears to exert modulatory effects on the
value and (to a lesser extent) probability parameters of the
subjective expected utility model, which may lead to less-
than-optimal calculation of the utility of a given outcome.
Such a deterioration may not have led to deteriorated task
performance in all of the studies reviewed above—but
the performance of the older adults in general was altered
when compared with that of the younger participants. Fur-
thermore, there appears to be consensus on the role of do-
pamine: Age-related deterioration of the dopamine system
reflects a declined efficiency in reward-based decision
making, although it is not clear whether this effect is me-
diated by the value parameter, the probability parameter,
or both. According to Li et al. (2001), a dopamine decline
leads to alterations in the neuronal signal-to-noise ratio,
which is expressed by more neuronal noise—making it
more difficult, for instance, to evaluate the risk associated
with different options in a decision-making task.

The subjective expected utility model provides a useful
overarching description of the neurocognitive processes
involved in economic decision making and outcome-based
decision learning and helps us both understand age-related
deficiencies in these processes and relate the deficien-
cies to age changes in the brain. Structural brain changes
caused by factors such as neuronal atrophy and reductions
in connectivity as well as age-related alterations in neuro-
transmitter systems (most notably the dopamine system)
may underlie the observed age-related changes in the
probability and value parameters, for instance by increas-
ing the neuronal noise-to-signal ratio, which leads to less
efficient information processing, especially in the brain
areas important in subserving economic decision making.

As argued previously, the aging population is characterized
to a large extent by heterogeneity. These individual differ-
ences may underlie the lack of robustness in aging effects:
Therefore, we again recommend testing old-old as well
as young-old seniors and, in neuroimaging studies, using
a covariance-based analysis approach. Such an approach
can capitalize on individual differences and is expected to
lead to establishing more robust aging effects.

To conclude, the field of neuroeconomics is young, and
the study of neuroeconomics and aging even more so—
therefore, much work remains to be done. However, this
line of study combines three disciplines (neuroscience,
psychology, and economics) and uses ecologically valid
tasks that map well onto real-life decisions, leading to in-
teresting insights, and this is a powerful reason to invest
effort in this rapidly developing area of research.
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