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‘‘At the very least, brains are economic engines capable
of valuing nearly everything that an organism must
do in order to survive and propagate.’’
Anonymous, 2007
A new word: neuroeconomics
According to Webster’s New MillenniumTM Dictionary of
English, neuroeconomics is ‘the study of the brain in
making economic decisions, esp. to build a biological model
of decision-making in economic environments’. This definition strikes me as odd. Isn’t ‘decision-making in economic
environments’ a bit tautological? The concept of a decision
always implies ‘against some limited resource constraint’,
otherwise no decision would be necessary. And can anyone
really describe for me a noneconomic environment? OK,
I’m not a lexicographer, so I’ll stop there, but I’m fairly sure
that living creatures don’t inhabit noneconomic environments even if they are abstractly possible to construct.
But what about neuroeconomics? Apart from its
apparent and growing popularity [1–5], why should we
consider neuroeconomics a real area with real problems
not yet answered? The answer: because organisms die –
they can be killed, they can run out of energy and, even in
the best conditions, they will age and die. Consequently,
choices must be made and some choices are better than
others. If organisms lived forever, then there would be no
need for the concept of a choice. If energy could be acquired
without effort, then the nature of choice for biological
creatures would be dramatically different [6]. But alas
mobile organisms run on batteries and have always been
forced to be rapid-fire economic decision-makers that
know how to value their past, present and future. Bad
valuations or even a small hiccup in ongoing valuation
mechanisms can result in the ultimate loss – death. These
constraints have existed ever since life first evolved. Conclusion: real-world economics has always been an implicit
partner to the problems tackled by neuroscience.
Only recently has the knowledge and technology of
neuroscience reached a point where basic economic questions can be probed in clearly defined experiments. From
this perspective, neuroeconomics is a natural extension of
the work that has taken place in neuroscience over the past
100 years. But this perspective is only one starting point.
One might also begin a discussion of neuroeconomics by
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addressing the allocation of scarce resources in a more
abstract context thought to model the kind of activity
that characterizes human economic exchange (broadly
construed). This maneuver would introduce different kinds
of ideas about the pertinent variables, the dynamics that
describe them, and the meaning of the entire framework
for our understanding of human choice. This second trajectory might also be considered a reasonable introduction
to the issues that interest neuroeconomics.
So which description and starting point is more
representative? The best answer is neither. What is clear
is that neuroscience and economics have always been
natural cousin disciplines – whether or not this is yet
broadly recognized – and there is a lot of fruitful work to
be done at the interface of these two subjects without
getting too hung up in definitions [1,3]. So let’s not.
Instead, let’s try and focus our efforts on important components of decision-making that humans carry out. This
special series on neuroeconomics includes five articles that
are summarizing, yet forward-looking and synthetic.
These articles all address issues fundamental to behavioral economics [7] and to neuroscience [1]. A common
theme runs throughout all the articles – valuation. How
does the nervous system differentially value time? How
does the nervous system value a monetary gesture from
another human? How does the nervous system value the
fairness or unfairness of a partner in an exchange? How
does the nervous system value unfairness that affects
someone else? These are intrinsically interesting behavioral questions, and for a species as socially connectable
as humans, these are important questions for understanding the human mind and its relationship to brain function.
The first two reviews in the series address issues that
underwrite all the above questions: the valuation of time
(Berns, Laibson and Lowenstein, Trends.cognit.sci [in press]) and the valuation and expression of fairness during
exchanges with other humans (Camerer and Fehr, in this
issue of TICS). Both problems are complex at many levels
and so, as Camerer and Fehr say in their review, the ‘first
wave of studies’ is only just now being logged into the
literature. Below, I outline briefly some of the issues
addressed by these two installments and give pointers to
the future articles in the series.
Time is money
Time is a slippery idea. It’s just like a cloud – seemingly
solid and easy to spot at a distance, but hard to see and
to grasp close up. Even in our physical theories, time
still retains a certain slipperiness. Over the last several
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hundred years, physics has provided an escalating sophistication in what are called ‘coordinate-free’ descriptions of
physical phenomena. The basic idea is that physical
theories about the world should not change just because
we change our point of view. A teacup with a handle on the
right should be the ‘same object’ to someone sitting across
the table from me who views the handle on the left.
Therefore, physical theories about the teacup should take
care of this by making themselves invariant to spatial
rotations. That is, they should describe the same object
despite any rotation in point of view. The same is true of
translations in space – it should be the same teacup after
being moved 10 cm in a straight line. The same is also true
of translations in time – it is the same teacup even after
letting it wait around for a bit (as long as nothing is added
or taken away from the teacup).
Despite this progress in our physical theories, there is
no complete physical account of the ‘nature of time’, yet we
know that evolution has equipped our cognition with a
range of temporal sensibilities. The intuitive concept of
‘time’ that we all pretty much share with one another is,
like everything else in our cognitive toolbox, a construct – a
kind of constructed fiction that at the least gives us ways to
order (and therefore prioritize) our experience.
The idea that perceptual time is a flexible construct is
well recognized by neuroscientists [8–10], but it is the
ordering of perceptual events that is crucial here because
it opens the door for differentially valuing one perceptual
event over another perceptual event at a future time. And
it is this ordering and prioritization of our experience that
Berns, Laibson and Lowenstein address in their piece. How
the ‘psychological mechanics’ governing the ordering and
valuing of temporal experience will influence our understanding of our physical theories remains to be seen – but
the issues addressed by these authors are important.
These authors start with the empirically demonstrable
fact that, all things being equal, ‘the perceptual present’ is
more valuable than ‘the perceptual future’. Technically, the
problem is called intertemporal discounting, and these
authors address behavioral and neural findings that
address three important features of intertemporal discounting: anticipation, self-control and representation. They
review experiments suggesting that anticipation of a future
rewarding event is itself reward and therefore value-laden.
This fact plays into the second theme – self-control. Lastly,
they take on the issue of how a choice problem is represented
(i.e. framed) and how representations can dramatically
change the character of the choices made.
But the issues surrounding time valuation run deep.
Waiting for rewarding future outcomes [11–13] is different from the experience of or delay in aversive outcomes
[14–16], and both types of experiences are subject to
dramatic framing effects [17]. Moreover, timelines for
perceptual experience are neither unitary nor unchanging. There is an extremely rich literature in rodents on
how the brain represents time, the flexibility of these
representations, and the neuroanatomical substrates
necessary to support proper perceptual timing [9,10].
Modern neuroimaging work on temporal perception
stands atop this rich foundation from the animal literature and has shown that multiple timelines are main-
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tained during ongoing perceptual judgments of temporal
order [18]. Much remains to be done, but the importance
of understanding the neural underpinnings of time
representations has ramifications for nearly every question in cognitive neuroscience.
Fairness
The second installment by Camerer and Fehr addresses
another fundamental issue for human cognition – fairness.
The central question here is: When should one cooperate
with another agent? Fairness instincts have come under
the scrutiny of neuroimaging using tasks lifted from the
world of behavioral economics [19–22]. Camerer and Fehr
give us an excellent synthesis of the first wave of neuroeconomics experiments. They also point out that to date
most have been based on game-theoretic framing of the
problem of cooperation.
As they say, a game theory model of choice ’is based on
three concepts – the action (or opportunity) set, beliefs
about chance events, and preferences over actions given
beliefs.’ By stating it this way, they implicitly make contact
with another theoretical depiction of decision-making for
individual agents that has been applied to a variety of
neuroscience experiments – reinforcement learning. In the
reinforcement learning model, an agent comes equipped
with: (i) a representation of a problem (an underlying state
space); (ii) a value function defined over this state space
that assigns a ‘long-term goodness’ measure to each state;
(iii) a guidance signal (error signal) generated by real or
contemplated changes in state; and (iv) a decision function
that takes the error signal or values (or both) as input and
produces a choice as output. These two frameworks
map naturally onto one another with the proviso that
the reinforcement learning models have generally been
applied to behaviors of individual decision-makers or their
brain responses and the game theoretic descriptions are at
least motivated more by how collections of agents will (or
should) behave under prescribed constraints (e.g. see refs
[23,24]).
One of the more difficult problems associated with
fairness and cooperation is how and why such psychological mechanisms evolved, and beyond the early work of
William Hamilton and Robert Trivers, modern efforts have
provided some insight into the conditions under which
cooperation and reciprocity should evolve (e.g. refs [25,26]).
Future installments
This series on neuroeconomics only scratches the surface –
it is an area that is growing rapidly and is built upon areas
of neuroscience and behavioral and experimental
economics with a rich experimental history. Merely touching upon all the relevant areas in this short overview is
impossible. However, for neuroeconomics to mature and
contribute in an important way to our understanding of
mind and brain it must reach up and reach down. It must
reach up to provide new insights into how the human
brain builds and sustains a representation of itself [27].
It must also reach down to inform and motivate new
animal experiments where the full range of neurobiological
techniques can be exploited. Such efforts are already
underway [28–30], but these kinds of approaches must
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multiply to connect the underlying neurobiology to the
important economic algorithms it supports.
Further installments are planned, covering the issue of
preferences and utilities, the neural signals related to
internal currencies used by the nervous system to rate
outcomes, choices and contemplated behaviors, and finally
ideas about how specific brain regions represent and
simulate outcomes about the world and other humans.
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