
Neuroscience has been remarkably suc-
cessful in elucidating the mechanisms that 
underlie human and animal behaviour. This 
success has led to an explosion of interest in 
translational research in which mechanisms 
identified through basic science are brought 
into direct clinical practice through connec-
tions between systems neurobiology1  
and mental health2. Translations of neuro-
science research from the laboratory to the 
wider society have been historically much 
less frequent. However, in the past decade, 
new scientific fields have arisen that apply 
neuroscience to core questions in the social 
sciences and humanities, including neuro-
marketing3, neuropolicy4, neuroethics5, 
neuroesthetics6 and neuroeconomics7–12. In 
this Perspective, we evaluate one of these 
attempts, neuroeconomics, and its implica-
tions for guiding the integration of the  
neural and social sciences.

Neuroeconomics comprises research on 
the biological mechanisms of decision  
making13,14. It combines concepts from 
neuroscience, genetics, economics and 
psychology, and seeks to identify general 

mechanisms, from the response of single 
neurons to the large-scale behaviour of  
markets15. Early manifestos argued that the 
goal of neuroeconomics was to draw a bio-
logically sound conception of rationality and 
individual choice, two concepts at the core 
of economic sciences16,17. Indeed, any shift 
towards a more biological foundation would 
reflect a radical turn for economics, as phys-
ics, rather than biology, has been the natural 
science with the most influence on econom-
ics throughout most of the past century18,19. 
Conversely, by introducing many of the core 
methodological principles and models from 
economics (potentially via the intermediary 
of psychology) to neuroscience, neuroeco-
nomic research could lead to new interpreta-
tions for the mechanisms of decision making 
studied by neuroscience14.

Here, we consider how neuroscience 
data have influenced and should influence 
economics, both through effects on research 
communities and by effects on disciplinary 
practices. First, we consider whether neuro-
economics has grown into an integrated 
community. Social network analyses20 

allow quantitative assessment of whether 
its collaborations and publications span the 
neural and social sciences or whether they 
instead reflect juxtapositions without true 
disciplinary coherence. Second, we examine, 
on the basis of a textual analysis, whether 
these collaborations stimulate the creation 
of interdisciplinary topics and concepts and, 
if so, how this research fits into the broader 
relationships between economics and biol-
ogy. We conclude with suggested steps for 
reducing discordance and increasing links 
between the neural and social sciences.

An integrated community?
Neuroeconomics draws intellectual inspira-
tion from several subdisciplines of neuro-
science (such as systems neuroscience and 
cognitive neuroscience) and from multiple 
fields within the social sciences (including 
behavioural economics, social psychology 
and decision theory). Accordingly, its practi-
tioners exhibit a remarkable diversity in how 
they form research groups and report results. 
Such diversity could either catalyse progress 
at the margins of disciplines or pose a  
barrier for effective communication between 
researchers depending on whether research-
ers tend to collaborate (and publish) across 
traditional disciplines. To quantitatively 
evaluate the intellectual connections within 
the neuroeconomics field, we used sciento-
metric and online survey data to describe 
how projects develop and scholars interact.

An elegant way to quantify and map 
interactions between scientific disciplines is 
to use recent graphical innovations in sci-
entometrics21–23. Following conventions in 
the field (see REF. 24 for example), scientific 
disciplines can be organized on the basis of 
the patterns of citations in scientific journals 
(see Supplementary information S1 (box) for 
methods). Groupings of scientific journals 
into disciplinary categories (as defined by 
the scientific information provider Thomson 
Reuters Web of Knowledge) can be repre-
sented as nodes in a network (FIG. 1). For 
instance, Nature Reviews Neuroscience, the 
Journal of Neuroscience and 209 other jour-
nals are grouped in the ‘neurosciences’ subject 
category. The strength of a link between two 
nodes depends on their shared bibliographi-
cal references. As an example, the subject 

S C I E N C E  A N D  S O C I E T Y

Translating upwards: linking the 
neural and social sciences via 
neuroeconomics
Clement Levallois, John A. Clithero, Paul Wouters, Ale Smidts and Scott A. Huettel

Abstract | The social and neural sciences share a common interest in understanding 
the mechanisms that underlie human behaviour. However, interactions between 
neuroscience and social science disciplines remain strikingly narrow and tenuous. 
We illustrate the scope and challenges for such interactions using the paradigmatic 
example of neuroeconomics. Using quantitative analyses of both its scientific 
literature and the social networks in its intellectual community, we show that 
neuroeconomics now reflects a true disciplinary integration, such that research 
topics and scientific communities with interdisciplinary span exert greater 
influence on the field. However, our analyses also reveal key structural and 
intellectual challenges in balancing the goals of neuroscience with those of the 
social sciences. To address these challenges, we offer a set of prescriptive 
recommendations for directing future research in neuroeconomics.

PERSPECTIVES

NATURE REVIEWS | NEUROSCIENCE  ADVANCE ONLINE PUBLICATION | 1

Nature Reviews Neuroscience | AOP, published online 4 October 2012; doi:10.1038/nrn3354

© 2012 Macmillan Publishers Limited. All rights reserved

http://www.nature.com/nrn/journal/vAOP/ncurrent/suppinfo/nrn3354.html


Nature Reviews | Neuroscience

Social
studies

Cognitive
sciences

Cognitive
sciences

Health and
social issues

Clinical 
medicine

Infectious
diseases

Agricultural
sciences

Ecological
sciences

Environmental science 
and technology

Economics, politics
and geography

Economics, politics
and geography

Computer
sciences

Physics

Geosciences

Engineering

Chemistry

Biomedical sciences

Biomedical sciences

Psychology

Psychology

Materials
sciences

Business and
management

Business and
management

Neuroimaging

Neurosciences

1

2

3

5

4

1
2

3

4
5

Neurosciences (211 journals, example: Nature Rev. Neurosci.)

Economics (191 journals, example: Q. J. Econ.)

Multidisciplinary sciences (50 journals, examples: Nature, Science, PNAS)
Behavioural sciences (45 journals, example:  Behav. Brain Sci.)
Biology (general) (71 journals, example: PloS Biol.)

a

b

categories ‘neurosciences’ and ‘neuroimag-
ing’ are strongly connected, as the papers 
published in journals in these disciplines fre-
quently cite the same bibliographical sources. 
The resulting map — the spatial layout of 
which minimizes the distance between related 
nodes — reveals a clear structure: social sci-
ences are strongly connected to psychology, 
which in turn is close to cognitive science  
and the biomedical sciences. The physical and 
material sciences are at the other end of the 
spectrum and connect with the biomedical 
sciences via chemistry24 (FIG. 1a).

The positioning of neuroeconomics on 
this map can be viewed by scaling the size 
of each node according to the number of 
neuroeconomics papers published in the 
corresponding subject category (FIG. 1b). The 
resulting scientific landscape exhibits a range 
of disparate peaks. Here, neuroeconomics 
spans three main disciplinary domains — 
‘cognitive sciences’, ‘economics’ and ‘bio-
medical sciences’ — and has a substantial 
presence in two others (‘psychology’ and 
‘business and management’). This diversity 
of coverage is exceptional, as even interdisci-
plinary fields usually publish predominantly 
in a restricted geographic region within 
these scientific maps (see Supplementary 
information S2 (box) and S3 (figure) for a 
comparison with two other interdisciplinary 
fields: evolutionary economics, and social 
and affective neuroscience)25. By itself, the 
map provides evidence that neuroeconomics 
research has permeated a range of scientific 
disciplines, which provides favourable  
conditions for the evolution of an inter-
disciplinary community.

But does interdisciplinary publication 
necessitate an interdisciplinary community? 
To address this second question, we used 
network analyses based on a survey of 820 
individuals to characterize the social con-
nections between neuroeconomists from 
different academic backgrounds (BOX 1).

Our survey indicated that many research-
ers in neuroeconomics have developed 
connections to scholars from disciplines 
other than their own. These collaborations 
with a range of social scientists — not only 
psychologists — are a relatively new feature 
within neuroscience, as many of them are 
only a few years old. Importantly, diversity 
within research groups is greatest for groups 
positioned near the centre of the network of 
communications (FIG. 2). This result can also 
be appreciated on the visual display of the 
network of communications (BOX 1), in which 
communities of researchers with a balanced 
disciplinary composition occupy a central 
position. This suggests that intellectually 

diverse groups are engaged in more partner-
ships and reach a wider audience, possibly 
leading to more influential research.

Thus, over the past decade, neuro-
economics has developed into an integrated 

research community that spans a number of 
traditional disciplines. However, as the size 
of the field has grown, the relative usage of 
the term ’neuroeconomics’ is decreasing in 
favour of the term ‘decision neuroscience’ 
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(FIG. 3 and Supplementary information S4 

(figure)). What could have caused this shift? 
One possibility is that there has been asym-
metric influence across the disciplines; for 
example, paradigms from economics may 
inform neuroscience research, but data col-
lected in neuroscience may have little direct 
relevance for research in economics and 
the other social sciences26,27. Translating 
behavioural findings downwards to shape 
basic biological inquiry may be more practi-
cal than translating basic science findings 
upwards to complex societal issues. Thus, 
successful translations downwards (‘decision 
neuroscience’) may simply be more frequent 
than successful translations upwards into the 
social sciences (‘neuroeconomics’). In the 
following section, we consider what sorts of 
inferences both the neural and social sciences 
draw from neuroeconomics research.

An integrated literature?
The analyses in the previous section indicate 
that neuroeconomics has come together as 
an integrated research community, one that 
draws scholars from the breadth of the social 
and natural sciences. But does its research 
output reflect a similar integration of these 
various disciplines? Or do concepts from 
particular disciplines dominate the existing 
literature?

Mapping concepts in neuroeconomics. To 
obtain a quantitative picture of the state of 
the neuroeconomics literature, we applied 
semantic network analytic methods to a com-
prehensive corpus of scientific articles in the 
discipline. From an initial set of 27 review 
articles surveying the neuroeconomics 
literature (Supplementary information S5 
(box) and S6 (table)), we extracted every 
article that was cited in at least two of those 
reviews, leading to 259 unique references. 
(Of note, the distribution of citations was 
highly skewed, such that only 15 articles 
were cited in more than one-third of those 
reviews.) We used natural language processing 
techniques to extract frequently mentioned 
concept terms from the abstracts of those 
259 references. The degree of connectivity 
between two concepts was calculated on 
the basis of the number of co-occurrences 
of those terms within individual abstracts. 
We created a semantic map that illustrates 
the intrinsic structure of the neuroeconom-
ics literature based on the conventions that 
more frequently occurring terms are  
represented in larger size and connected 
terms are depicted closely together (FIG. 4).

Several features of this concept map 
are apparent. First, there is considerable 
intermixing of terms with origins that lie in 
different disciplines. For example, the bot-
tom portion of the graph (green) contains 
intercalated concepts from neuroscience 
(for example, striatum or dopaminergic), 
economics (for example, expected value or 
incentive) and psychology (for example, 
motivational). Thus, there is substantial local 
heterogeneity within the neuroeconomics 
literature, mirroring the heterogeneity of 
research groups at central positions in the 
network of neuroeconomists. Second, there 
are several large clusters that correspond 
to major topics of research. One cluster 
(right middle and bottom) comprises terms 
associated with reward evaluation and the 
brain’s dopamine system, reflecting a clear 
example of the integration of behavioural 
modelling and neuroscience data28,29. Two 
other clusters broadly contain terms associ-
ated with strategic decision processes (left 

top, for example, cooperation and game) 
and terms associated with emotional and 
affective processes (left middle, for example, 
arousal and insula), respectively. Third, there 
is a notable method-based grouping, such 
that terms associated with primate electro-
physiology tend to cluster with measures of 
behaviour (for example, eye movement) and 
neural targets for recording (for example, 
dorsolateral prefrontal cortex). Last, there is 
an intriguing large-scale structure that sug-
gests a progression from basic neurobiologi-
cal notions at the bottom right (for example, 
caudate and ventral striatum) to more com-
plex economic and psychological concepts 
at the upper left (for example, fairness and 
economic decision). This ‘brain-to-function  
axis’ indicates that despite the local het-
erogeneity mentioned previously, the neu-
roeconomics literature evinces stronger 
connections between concepts originating 
in the same discipline than between  
concepts that cross disciplines.

Has neuroscience influenced economics? 
Economists and biologists have a history 
of dialogue and exchange dating at least 
from Darwin’s borrowing of the principle 
of population growth from Malthus30. In 
return, Darwinian evolutionary theory and 
population genetics have had a pervasive 
influence on the theorizing of the behaviour 
of the firm and the dynamics of economic 
systems19. The contacts between  
economics and neuroscience are relatively  
more recent and their influence on the 
general economic literature less clear. 
We examined the content of all abstracts 
published over a recent 10-year period in 
57 economics journals of general interest 
(see Supplementary information S7 (box), 
S8 (box) and S9 (figure)). A total of 222 
articles considered concepts from neurosci-
ence, genetics or other biological sciences. 
Analysis of the content of their abstracts 
revealed a striking disconnect with the 
neuroeconomics literature; although the 
222 articles considered topics such as ‘the 
genetic basis’ of family- or health-related 
phenomena (for example, genetic, twin, birth 
weight, intergenerational and so on) or the 
evolutionary character of strategic behaviour 
(for example, evolutionarily stable, adaptive, 
game and so on), few articles discussed neu-
roscience (see Supplementary information S9 
(figure)). Even in those economics articles 
that included terms from neuroscience (for 
example, dopamine, ventral, neural and so 
on), these terms were tightly grouped in a 
cluster, despite their demonstrated  
relevance in a range of other topics (such as 

◀ Figure 1 | The disciplinary connectivity of 
neuroeconomics research. Relationships 
between scientific disciplines are depicted in a 
network based on patterns of citations in scien-
tific journals (Supplementary information S1 
(box)). a | Each node represents one subject cat-
egory (categories as defined by the scientific 
information provider Thomson Reuters Web of 
Knowledge), and related subject categories are 
grouped into broader scientific disciplines (each 
shown in a different colour). For example, the dis-
cipline ‘cognitive sciences’ (shown in brown) con-
tains, among others, the subject categories 
‘neurosciences’ and ‘neuroimaging’. Two subject 
categories are linked if their journals make fre-
quent references to the same bibliographical 
sources. For instance, the subject categories ‘neu-
rosciences’ and ‘neuroimaging’ are connected, as 
the papers published in their journals frequently 
cite the same bibliographical sources. The topol-
ogy of the map shows the overall organization of 
scientific publication as a curved surface, such 
that broad scientific fields (such as ‘infectious dis-
eases’ and ‘engineering’, which are shown in light 
red and light blue, respectively) form an axis that 
ranges from ‘economics, politics and geography’ 
(upper left) to ‘physics’ and ‘materials sciences’ 
(upper right). b | We rescaled each node (that is, 
each subject category) shown in part a according to 
the number of neuro-economics articles published 
in the journals within that subject category (see 
Supplementary information S1 (box)). The smallest 
circles reflect 0 publications in neuroeconomics. 
Although most scientific disciplines comprise pub-
lications in a small number of neighbouring subject 
categories25 (see Supplementary information S2 
(box) and S3 (figure) for a comparison of neuroe-
conomics with two other interdisciplinary fields), 
this map shows that neuroeconomics articles are 
published in a large number of journals with a 
relatively heterogeneous set of subject categories 
both from life and social sciences (data are from 
REF. 24).
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game-theoretic approaches to behaviour31,32). 
In short, there is little evidence  
yet that neuroscience research — apart  
from review or opinion pieces — has  
penetrated the mainstream economics 
literature.

Does this discordance between the 
neuroeconomics and economics litera-
tures reflect a fundamental incompatibility 
between the two fields? Some differences 
between these literatures do reflect disparate 
intellectual goals. The economics litera-
ture often evaluates the consequences of 

decisions made in real-world contexts and 
over long time horizons, such as in the case 
of research on the effects of socioeconomic 
status on decisions about health care or in 
labour markets33. Experimental analysis of 
such factors is beyond the current scope  
of neuroeconomics, which typically explores 
decisions in controlled laboratory settings 
and about small-scale personal rewards34. 
However, other topics are central to both 
disciplines, such as risk preferences,  
temporal discounting, social interactions and 
strategic choice. Indeed, the economics 

literature has considered these topics within 
both experimental and theoretical research, 
linking them to concepts drawn from evo-
lution and sociobiology35,36. Thus, the car-
dinal challenge for neuroeconomics is not 
to convince economists (and other social 
scientists) that biological findings can be 
relevant for their work, but to demonstrate 
that neuroscience can make unique and dis-
tinctive contributions to the understanding 
of economic behaviour14,15. In the follow-
ing section, we recommend specific steps 
towards this goal.

Box 1 | Social networks in neuroeconomics

Social network analysis provides a framework for the 
identification and assessment of formal and informal 
interpersonal networks. Although network analysis has been 
used before to study social groups within science93–95, a direct 
survey of the social network of an entire field has not been 
attempted before. We contacted, via e‑mail, all scientists who 
had co‑authored at least one publication mentioning 
‘neuroeconomics’ in the title, abstract or keywords 
(Supplementary information S10 (box)). Within this survey, we 
asked participants for the names of colleagues with whom 
they discussed their research in neuroeconomics. This question 
provided a total of 820 unique names; for each, current 
organizations, research activities and training discipline were 
identified via manual Internet searches. For the resulting 
subset of 313 individuals who expressed neuroeconomics 
among their interests, the interconnections were mapped and 
quantitatively evaluated (see the figure, part a, which shows 
the pairwise connections between scientists — each scientist 
is shown as a single node whose size reflects the number of 
connecting links). Of note, the resulting community is very 
cohesive, with one connected component comprising 82% of 
the neuroeconomists and 98% of the interconnections in the 
network. This means that despite geographical distance and 
differences in academic affiliations, neuroeconomists  
interact through an inclusive and disciplinarily diverse 
conversation network.

However, large‑scale heterogeneity could mask small‑scale 
homogeneity if individual neuroeconomic research groups 
are biased towards one disciplinary background or another. 
Using an algorithm for non‑supervised community detection 
in networks96, we found 47 distinct communities in the 
network of neuroeconomists (groups are shown by arbitrary 
colours in the figure, part a). Not surprisingly, these 
communities tend to correspond to key laboratories or 
centres at major institutions. For each community, we 
assessed whether its disciplinary composition is balanced, in 
the sense that no one discipline provides a majority of its 
members. Some communities primarily consist of individuals 
from the neural sciences (including non‑neuroscience 
biologists), from economics or from psychology (see the 
figure, part b, in which these are shown in green, red and 
yellow, respectively), but a large proportion (62%) of the 47 
communities have a balanced composition between the 
three disciplines (shown in turquoise in the figure, part b). 
Moreover, balanced communities tend to occupy more 
central positions in the network, as can be observed visually 
(see the figure, part b) and evaluated statistically with 
centrality measures (FIG. 2 and Supplementary 
information S11 (box)).
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Connecting the neural and social sciences
Neuroeconomics has overcome some of 
the challenges that are typical to interdisci-
plinary research — such as how to develop 
interdisciplinary courses, how to withstand 
waves of scepticism and how to create a 
social group of scientists with varied  
disciplinary backgrounds — to function as a 
burgeoning interface between neuroscience 
and economics. Interdisciplinary neuro-
economics communities can now serve as 
fertile ground for training students at the 
boundaries of disciplines. Indeed, although 
extensive training programmes are still in 
development, some researchers now work 
as neuroscientists in business schools or as 
economists within cognitive neuroscience 
groups. The hope is that these individu-
als operate as channels for communication 
between disciplines, both within their  
institution and in the larger fields.

However, some obstacles continue to 
hamper connections between neuroscience 
and economics. For example, the research 
cultures of neuroscience and economics can 
seem foreign and inscrutable from the other’s 
perspective. Neuroscientists are incentivized  
to work in large collaborative teams, to 
continually seek extramural funding and to 
prioritize research directions that rapidly lead 
to high-impact work, whereas economists 
operate within a different model for research, 
funding and mentorship. Economics journals 
operate on a different timescale (for exam-
ple, articles and review cycles are longer), 
collaborations are usually on a smaller scale 
(for example, fewer co-authors on articles) 
and research directions may be disconnected 
from the goals of funding agencies. Given the 
size and history of both disciplines, neuro-
economics is unlikely to completely  
overcome these differences.

How then should future research in neu-
roeconomics go about building connections 
to economics and other social sciences? On 
the basis of the results from our analyses 
in the previous sections — including the 
evidence that neuroeconomics has been 
effective at growing local interdisciplinary 
communities — we argue that neuroeco-
nomics can be a dedicated communication 
channel between disciplines. By allowing 
researchers to trade concepts across disci-
plines and develop new hypotheses within 
disciplines, neuroeconomics can improve 
the match between the demand for bio-
logical concepts in economics and what 
economic models can offer to neuroscience. 
Below, we indicate four approaches by which 
neuroeconomics can improve communica-
tion between neuroscience and economics.

Targeting general neural mechanisms. 
Neuroscience investigations of how the brain 
computes preferences and makes choices 
ultimately aim to identify the fundamental 
neural mechanisms underlying these pro-
cesses. From the perspective of the social 
sciences, economics stands in a similar posi-
tion. From small sets of axioms, it creates 
models of multiple facets of decision mak-
ing — from analyses of investment decisions 
to studies in consumer preferences — that 
share fundamental economic principles. 
Unfortunately, the fundamental elements 
that are identified separately by neuroscience 
and economics are not easily comparable27, 
making it difficult for the two disciplines to 
adopt common hypotheses. Here, neuroeco-
nomics can develop the conceptual interface 
needed to help neuroscience and economics 
identify general principles of behaviour.

Substantial progress has been made in 
this direction with the detailed description 
of the neural circuits involved in value-based 
choice15,37,38. With a fully fledged correspond-
ence between economic and neurobiological 
descriptions of decision making, each disci-
pline could in principle appeal to the results 
obtained in the other. Economists would be 
able to prune their models based on the neu-
roscientific plausibility of their underlying 
hypotheses. (For example, should valuation 
models systematically include a reference 
point? Neuroeconomics points in this direc-
tion15.) New hypotheses could be generated, 
such as testing whether two previously 
independently studied types of economic 
behaviour (for example, moral behaviour 
and consumer spending) are related, con-
sidering that the same well-specified neural 
mechanisms (including cognitive control) 
are involved in both. (Note that similar pro-
posals have been made for understanding 
clinical conditions39.)

Neuroscience would also benefit if its 
models of decision making could be related 
to economic models of decision making. 
Shifting contexts (such as making decisions 
for oneself versus for a friend) can change 
the extent to which decision makers rely 
on particular sorts of neural computations 
(for example, working memory versus emo-
tion). Accounting for the possibility of such 
a cognitive shift — via some parameter in a 
model — can improve the ability to isolate 
the contributions of particular neural pro-
cesses to an observed behaviour. In addition 
to choice context, neuroscience routinely 
studies conditions that alter basic informa-
tion processing in the brain (for example, 
state manipulations). Differences in infor-
mation processing have been found with 

pharmacological studies40, manipulations 
such as sleep deprivation41, or comparisons 
of different age groups42,43. Identification of  
a general neural mechanism of decision 
making requires an understanding of the 
limits of such adaptive flexibility and a 
clear specification of the decision process, 
both of which can be provided by studies in 
neuroeconomics.

Increasing the focus on individual differ-
ences. How individuals make decisions has 
long been a central question within econom-
ics. However, few economic models provide 
insight into the way in which choices are 
affected by individual differences in person-
ality, cognitive abilities or other factors, let 
alone into how such individual differences 
arise or are distributed throughout a popula-
tion. Neuroscience, by contrast, provides 
a wealth of tools for assessing differences 
among individuals. Differences in brain struc-
ture (for example, local grey matter density 
and white matter tractography) can predict 
individual differences in cognitive function44, 

Figure 2 | Interdisciplinary research groups 
occupy more central positions in the commu-
nity of neuroeconomists. For each cluster in 
the social network of neuroeconomists (BOX 1), 
we calculated a diversity index (x-axis of graph), 
with values of 0 representing a cluster with only 
social scientists, 1 representing a cluster with 
only biological scientists, and 0.5 representing a 
completely balanced cluster. We next calculated 
the betweenness centrality for every cluster  
in the network; essentially, this provides a meas-
ure of the frequency with which indirect connec-
tions between any two clusters pass through that 
cluster (so that clusters lying between many 
other clusters score highly on this measure). We 
found that clusters with balanced disciplinary 
composition (x-axis) tend to occupy more central 
places (y-axis) in the discipline.
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which in turn may predict real-world behav-
iour. Moreover, functional responses of the 
brain have been linked to a host of personal-
ity factors45–47 and to specific choice biases48. 
In addition, genetic differences may explain 
some of the inter-individual variability in eco-
nomic preferences49, as several gene variants 
that associate with differences in brain struc-
ture and function have been identified44,49. 
As shown by these examples, neuroscience 
research could enable the characterization of 
lower-level individual differences in neural 
computations that may be linked to inter-
individual variability in economic behaviour.

An increased focus on individual  
differences in neuroeconomics would also 
pair well with modelling work in cognitive 
psychology50–52. Consider self-control issues, 
which have been modelled extensively in 
both economics53,54 and neuroscience55–58. A 
demographic factor such as socioeconomic 
status may influence self-control through a 
number of pathways. For example, low soci-
oeconomic status has been associated with 
poor nutrition and increased stress during 
early life59, and these conditions are known 

to impair brain development in childhood60, 
which in turn may affect prefrontal cortex 
function in adulthood61. As different parts 
of the prefrontal cortex contribute to various 
computations involved in self-control55,62,63, 
socioeconomic status may have latent effects 
on how people express preferences and make 
decisions. Thus, expansion of decision mak-
ing models to include factors associated with 
individual differences in various decision 
parameters would increase the mutual rel-
evance of neuroscience and economics26,64,65.

Moving beyond the laboratory. It could be 
argued that the ultimate test for the useful-
ness of a research finding is whether it has 
external validity. Laboratory experiments are 
now widely accepted in the economics com-
munity66, in part because of links between 
laboratory results and field measures in 
economics67,68. Could neuroscientific labora-
tory studies also predict everyday economic 
behaviours? Neuroeconomics is ideally suited 
to develop this new form of translational 
research, if neuroscientists obtain neuro-
physiological measurements in a controlled 
environment and economists relate these 
measures to economic behaviour observed 
at the population level. Consider the findings 
in economics that hypothetical time–money 
discounting survey responses predict sub-
sequent actual choices for a savings com-
mitment programme and that behaviour in 
a laboratory trust game predicts successful 
loan repayment69,70. Neuroeconomists could 
extend this result by identifying neural mark-
ers of self-control — obtained either from 
social71 or economic55 domains — that can 
predict spending habits or debt management. 
It has been claimed that such mechanistic 
information about brain function is irrelevant 
because the neural data are not part of eco-
nomic models27. However, if the out‑of‑sample 
predictive power of a model were enhanced by 
inclusion of neurobiological data, there would 
be clear empirical benefits. In other words, 
although there is already evidence that labo-
ratory behaviour can be linked to everyday 
behaviour, adding a mechanistic layer — at 
the neurobiological level — would enhance 
our understanding of some traditional eco-
nomic variables (for example, prices at which 
exchanges are made)26.

Neuroscience may not only contribute to 
studies in economics but also to studies in 
other areas of the social sciences. Core field 
measures of interest in these areas include 
a range of societal outcomes: happiness, 
productivity, political preferences, health 
and social stability. These outcomes are 
usually assessed through accumulation of 

macroscopic techniques outside the labora-
tory (for example, surveys and economic 
indicators), even though the interventions 
that are used to shape those outcomes often 
have varied effects on specific individuals. 
Just as laboratory studies in experimental 
economics have inspired interventions in 
financial markets72,73, studies in neuroeco-
nomics may be useful for directing interven-
tions in the applied social sciences. One way 
in which neurobiological concepts could be 
integrated with large-scale survey data may 
be through assessing genetic influences on 
brain function, and indeed the collection 
of genetic data in social science research is 
increasing in popularity49,74.

Research on brain function may also aid 
the development of customized interven-
tions for different subpopulations. Cues that 
nudge behaviour — such as encouraging 
reflection on one’s likely activities at a future 
date — can alter economic preferences (for 
example, through temporal discounting75) 
and subsequent real-world choices. How a 
given person responds to these cues may be 
shaped by demographic differences, such 
as gender, by dysfunction or disease state 
or even by computational style39. There are 
both philosophical and methodological 
hurdles to overcome before neural measures 
can be related to such outcome measures: 
for example, can the subjective experience 
of happiness be compared between subjects 
and, if so, how can it be measured neurologi-
cally in practice26? However, a core goal of 
neuroeconomics should be to design studies 
that would assist both neuroscientists  
and economists in assessing the benefits 
(and limitations) of expanding the predictive 
range of either discipline beyond individual 
choices to aggregate-level outcomes76.

Balancing the demands of the parent dis-
ciplines. Of course, achieving the potential 
gains from these three pursuits (targeting 
general neural mechanisms, increasing the 
focus on individual differences and moving 
beyond the laboratory) requires more than 
comprehensively assessing neuroeconomics 
in isolation. The future of neuroeconomics 
will also be shaped in relation to the evolu-
tion of its parent disciplines — neuroscience 
and economics.

Two of the more daunting challenges 
for neuroeconomics are methods-based 
and thus, perhaps unsurprisingly, shared by 
neuroscience. First, the rapid acceleration 
of research has necessitated new methods 
for effectively accumulating and synthesiz-
ing research results77,78. The development of 
such methods will aid neuroeconomics in 

Figure 3 | Literature usage of ‘neuroeconomic*’ 
and ‘decision neuroscience’. We collected the 
absolute frequency of the terms ‘neuroeco-
nomic*’ and ‘decision neuroscience’ in PubMed 
(retrieved on 20 January 2012), with the goal of 
assessing its relative usage within the larger sci-
entific literature. We found the first appearance 
of ‘neuroeconomic*’ in 2003 (two articles). A 
year-to-year breakdown demonstrates a constant 
increase since 2003 in articles referring to ‘deci-
sion’ + ‘neuroscience’ (arguably reflecting an 
overall increase in the size of the field), but a 
recent downward trend of articles using the term 
‘neuroeconomic*’, with a peak in 2008 (37 arti-
cles). Note that the combined term ‘decision neu-
roscience’ entered the literature in 2009, the first 
year following the point of inflection on the 
graph. An analogous search on Thomson Reuters 
Web of Knowledge yielded a similar trend (see 
Supplementary information S4 (figure)).
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routinely conveying findings to economics. 
Second, the most common experimental 
technique in neuroeconomics is functional 
MRI (fMRI), and the sustained popular-
ity of fMRI is a mixed blessing: it is non-
invasive and provides a view of the spatial 
distribution of the cognitive processes in 
humans, but it cannot provide insight into 
the neuronal physiology of these processes. 
All research agendas under the umbrella of 
neuroscience — including neuroeconomics 
— must find ways by which fMRI results can 
be generalized to other neural measures79,80. 
Neuroeconomics has already made signifi-
cant progress in this direction with substan-
tive contributions from single-unit recording 
and other techniques.

A third challenge lies in overcoming 
mutual misperceptions about the nature of 
research in the neural and social sciences. A 

common misconception in neuroscience is 
that economic models fare poorly at predict-
ing behaviour (‘economic models only work 
with rational behaviour’), and economists 
sometimes misconceive neuroscience meth-
ods as poorly executed or overly simplistic 
(‘brain scans are eye candy’). Recent promi-
nent papers in cognitive neuroscience and 
economic theory should clear up the misper-
ceptions of limited scope or lack of sophis-
tication. Indeed, recent empirical studies in 
neurophysiology81,82 and fMRI83,84, as well 
as their associated statistical analyses, dem-
onstrate rich potential for further research 
and education15,85. Nevertheless, greater 
effort should be made to exploit the direct 
links between some components of the data 
analyses in economics and neuroscience (for 
example, time series analysis, which is cen-
tral both to financial econometrics and fMRI 

data processing86,87). Similarly, economic 
theory has many models that incorporate 
and explain various behavioural phenomena 
observed in both the laboratory and the 
field88–90. Neuroeconomists should pay atten-
tion to these models to overcome mutual 
misperceptions.

Last, the incentives of an aspiring student 
or faculty member in neuroeconomics must 
be considered. Although neuroeconomics 
may be stimulating as an interdisciplinary 
research venture, the career of individual 
researchers still hinges on publishing only 
in journals that are deemed relevant by 
their primary discipline. A mechanism for 
encouraging cross-fertilization of research 
would require universities to appreci-
ate publication records that include both 
neuroscience and social science journals. 
For example, universities are already 

Figure 4 | Knowledge domains in the neuroeconomics literature. From 
a set of 27 review articles in neuroeconomics, we identified all unique refer-
ences to other articles in the primary literature (N = 259). The abstracts of those 
references were analysed using semantic network analyses, which created a 
map of conceptual terms within that literature. The relative size of terms is pro-
portional to their frequency of occurrence; for example, ‘neuron’ and ‘fMRI’ 

occur relatively frequently, whereas ‘caudate ‘and ‘strategic ‘do not. Terms that 
frequently co-occur within an abstract are positioned closely together (distance 
calculated by a positioning algorithm); for example, ‘dopamine’ and ‘expected 
reward’ often co-occur. Colours indicate groups that were formed by an algo-
rithm that identifies densely connected clusters; these groups reflect the topi-
cal themes around which the neuroeconomics literature is organized.
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constructing interdisciplinary cognitive  
neuroscience centres, and we are hopeful  
that these centres will embrace research that  
includes economics and other social  
sciences, in the best tradition of interdisci-
plinary research91,92. We further anticipate 
connections in the opposite direction, 
with business and economics departments 
recognizing the relevance of neuroeco-
nomics research. In addition, new funding 
mechanisms, new courses, seminars and 
collaborative laboratory spaces are exam-
ples of ways in which interdisciplinarity 
can be promoted. Efforts, on any level, to 
facilitate interdisciplinary work will cer-
tainly incentivize future students to choose 
neuroeconomics as their field of interest and 
improve the quality of future research in 
neuroeconomics.

Neuroeconomics as a locus for translation
Neuroscience has the potential to connect  
to the social sciences in several ways. Many 
of the topics that are most central to social 
science research — such as the nature of 
individual choice, the factors that shape 
social interactions and the ways societies 
respond to unexpected events — would 
benefit from an improved understand-
ing of the neurocognitive mechanisms 
underlying them. The depth of disciplinary 

specialization that characterizes modern 
academic institutions has presented bar-
riers to connections between the neural 
and social sciences. However, our analyses 
show that there are reasons for optimism. 
Neuroeconomics has become an interdis-
ciplinary research community in which 
influential research groups have a balanced 
composition of members from neural and 
social sciences. Moreover, neuroeconomics 
research includes publications in journals 
that cover diverse and otherwise unrelated 
areas of science (from theoretical finance to 
clinical medicine), demonstrating an ability 
to reach throughout the scientific milieu and 
connect different networks.

At the small-scale level of laboratories 
and research projects, neuroeconomics 
has provided proof-of-concept evidence 
that neuroscientists and economists can 
interact with mutual benefit. How might 
local connections — such as conversations 
between members in an interdisciplinary 
laboratory — scale up to facilitate stronger 
integration of the neural and social sci-
ences? In our view, neuroeconomics holds 
particular promise for providing a lingua 
franca, or trade language, that facilitates 
communication between disparate cultures. 
Trade languages arise when two or more 
cultures come into unexpected contact, at a 
site where individuals move back-and-forth 
between that site and their home culture, 
and when transactions are mutually benefi-
cial. Neuroeconomics acts as such a locus 
— it enables individuals from different sci-
entific disciplines to collaborate towards the 
solution of a common problem. Its ‘language’ 
does not provide the full range of expression 
of either discipline in isolation, but it does 
enable core concepts from one discipline to 
move into the other.

Our suggestions for the three pursuits on 
which neuroeconomics should focus fit with 
this model for translation of knowledge. If 
the understanding of the neurobiological 
underpinning of behaviour continues to 
improve, there must also be an interdiscipli-
nary mechanism in place by which this bio-
logical knowledge can be transferred across 
the boundaries of behavioural disciplines. 
With success, neuroeconomics will identify 
foundational concepts — ones that make 
joint predictions about biology and behav-
iour — that can be readily translated to other 
social sciences. In this way, neuroeconomics 
can serve as a directive for dialogue between 
neuroscience and other disciplines.
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Glossary

Community detection
(Also known as cluster analysis). The identification of 
groups of relatively tightly connected nodes in a network 
on the basis of an algorithmic analysis of the graph formed 
by the nodes and edges.

Connected component
In a network, a group of nodes that are all connected 
either directly or through other nodes.

Expected value
The weighted, probabilistic average of all possible values 
for an uncertain reward.

Natural language processing
A set of methods from computational linguistics to extract 
meaningful features (such as the language or the topic) of a 
corpus.

Out‑of‑sample predictive power
When fitting a model to data, the predictive power — or 
generalizability — of that model can be tested on data not 
used to estimate the model (that is, out‑of‑sample data).

Semantic network analytic
Application of the methods and tools of network analysis 
to textual data; it creates networks based on semantic 
relationships or co‑occurrences of terms in a text corpus.

Temporal discounting
(Also known as delay discounting).The tendency to reduce 
the subjective value associated with rewards as the delay 
until their receipt increases.
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