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Abstract:
The paper develops a conceptual framework for the neuroeconomic analysis of money that
conjoins neuroeconomics with recent theories of distributed cognition. In doing this, I show
that a unique historical contribution to the theory of money, Simmel’s ‘Philosophy of Money’,
receives full support by ongoing research in psychology and neuroscience. I take this issue as
a litmus test that allows for a methodological evaluation of the recent controversies over the
appropriate frames for neuroeconomics (neoclassical vs. behavioural), levels of analysis
(basic reward circuits vs. higher-level concept/model based learning), units of analysis
(mechanisms versus emotions), and over the relationship between reductionist versus multilevel explanations that involve external entities in neuroeconomic mechanisms (‘molecular’
vs. ‘molar’ explanations). Assessing recent empirical evidence on the psychological and
neuronal aspects of money in relation to human behaviour, I propose that the artefact of
money activates somatic markers that embody social reciprocity, thus triggering distinct
neuronal activity patterns that have been identified experimentally in the context of money
illusion and other related phenomena. This shows how neuroeconomics can help to explain
the peculiar functioning of human institutions without succumbing to neuronal reductionism,
and vindicates Simmel’s comprehensive theory of money in terms modern ‘molar’ approaches
to neuroeconomic methodology.
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1. Introduction: Money and neuroeconomic methodology
In the concluding chapter of his magistral ‘Foundations of Neuroeconomic Analysis’
Glimcher (2011: 423f) identifies a number of central issues in current neuroeconomic
research. One is the question ‘What is the neural organ for representing money?’. Glimcher
argues that the institution of money diffused with such a great speed among human societies,
rapidly assuming an all-encompassing status, so that it is implausible assuming that there
might have been sufficient time for biological evolution to develop a neuronal structure that is
specific to money. So, he believes that the money institution might involve a pre-existing
mechanism. This mechanism, Glimcher muses, might relate with the specific capacity of
humans to enter into relations of social exchange with other humans. He concludes that ‘The
algorithmic structure, let alone the identity, of that organ remains one of the greatest mysteries
in neuroeconomics today’.
This paper aims at clarifying some methodological issues in neuroeconomics in discussing
this challenge to neuroeconomic research. In doing this I also present a hypothesis about the
general nature of the neuronal representation of money. This hypothesis builds on Glimcher’s
idea that money might actually piggyback on a pre-existing structure. Yet, based on the
methodological considerations, I also show that money can only properly be analysed if we
follow an analytical framework in which external entities such as the artefact of money play
an independent causal role. That means, in order to understand the neuronal mechanisms
underlying the money institution, we need to go beyond the neuroeconomic framework
established by Glimcher.
In current methodological debates about neuroeconomics, I can discern four strands of
thought. One is the straightforward rejection of neuroeconomics as being irrelevant to
economics: That means, economic theory does not need further foundations in neuroscientific
research because economic models are sufficient to explain observed phenomena in economic
behaviour (Gul and Pesendorfer 2008; Bernheim 2009). I do not consider this view here and
focus on the internal debates. Then, the first strand is Glimcher’s approach which is explicitly
reductionist. Glimcher’s central idea is that the economic category of utility can be reduced to
certain neuronal mechanisms even to the degree that measurable assignments of value could
be directly measured in terms of intensities of certain neuronal representations of value.

2

Glimcher uses a modern version of the neoclassical framework of utility, namely random
models of expected utility.
The second strand is represented by Camerer (seminally stated in Camerer et al. 2005). In his
review of Glimcher’s book, Camerer (2013) argues that neuroeconomics does not need to be
built on the neoclassical framework but should adopt the approaches of behavioural
economics. Then, higher-level cognitive processes need to be explicitly included, especially
in the context of learning and complex choices. This reliance on behavioural economics leads
to the consideration of many hypotheses and phenomena that are not yet integrated into one
coherent framework comparable to the ‘neuroclassical’ view, such as social preferences or
emotions. In terms of theoretical parsimony and elegance, this is a drawback, which is
balanced by what is claimed to be greater realism.
The third strand has been developed by Don Ross (2005, 2008) who distinguishes between
‘molecular’ and ‘molar’ approaches to neuroeconomics, following the seminal psychological
exposition of ‘picoeconomics’ by Ainslie (1992). In this classification, Glimcher’s
reductionism appears to be a ‘molecular’ approach in trying to identify the specific neuronal
mechanisms that are causes of particular behaviours, such as the use of money. A ‘molar’
approach argues that this ‘bottom-up’ explanation remains incomplete and needs to be
extended to including ‘top-down’ processes by which neuronal mechanisms are organized via
higher level cognitive structures that involve external entities. Then, the molar approach
introduces distinct theoretical entities which encompass certain patterns of behaviour but
which are not directly embodied in particular neuronal structures.
On first sight, Ross’s distinction might appear to differentiate Glimcher’s and Camerer’s
approaches, too. But Camerer’s approach in fact remains ‘molecular’ insofar as the
behavioural economics hypotheses are still seen as being reducible to certain neuronal
mechanisms. The difference only lies in the complexity of those mechanisms, both
empirically and conceptually. In comparison, Ross distinguishes between three analytical
levels: first, the level of neuronal mechanisms (molecular), second, the level of molar
structures which is sub-personal (‘picoeconomic’) but involves external structures, and third,
the level of human individuals whose behaviour is seen as a result of the interplay between
the molar structures, further undergirded by external scaffolds such as language (Ross 2007).
In this three-level approach, the original Glimcher (2003) version of neuroeconomics applies,
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namely that ‘economic agents’ can be equated with molecular mechanisms in the human brain,
but neither with higher-level molar entities nor entire individuals.
I think that the difference between ‘molecular’ and ‘molar’ neuroeconomics can be pinpointed
in distinguishing neuro-internalism and neuro-externalism (Herrmann-Pillath 2012). Neurointernalism, the molecular view, submits that for explaining observed behaviour, the
generating causes lie ‘inside’ the brain and therefore can be identified by means of the
appropriate neuroscientific methods. Neuro-externalism agrees that neuronal mechanisms are
essential for producing the behaviour, but that they can only count as intermediating
mechanisms; the causes for the behaviour are external to the brain in the sense that top-down
cognitive mechanisms are essential for organizing neuronal phenomena into intermediating
causal structures, and that these top-down mechanisms include external phenomena in an
essential way. In neuroeconomics, a related view has been proposed as ‘social neuroscience’
that would emphasize the role of behavioural coordination among dyads and groups of
individuals in eliciting certain neuronal phenomena and the related behaviour (Oullier et al.
2008).
I think that these distinctions are not only important for philosophical reflections about
neuroeconomics, but also for defining research strategies and even methods. For example, the
tension between neuro-internalist and neuro-externalist views is salient in research on
empathy, where ‘bottom-up’ and ‘top-down’ mechanisms seem to interact (Singer and Lamm
2009). One the one hand, empathy has a clear foundation in certain neuronal mechanisms that
produce the pertinent emotions and behaviours. But at the same time, the activation of the
mechanisms is entirely contingent on the organization and symbolic representations of social
groups and identities of individuals towards which empathy is directed. In other words, we
meet a methodological principle akin to the wave-particle dualism in modern physics. On the
one hand, we can approach the particular neuronal phenomena as being the physical causes of
observed behaviour; on the other hand, we might assign the role of the root cause to external
symbolic systems that are processed by the cognitive systems which are in turn physically
embodied in neuronal structures. In the methodological view championed by Ross, this shows
that a proper approach to empathy would require a ‘molar’ theory and would fail as a purely
‘molecular’ one.
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Subsequently, I will take the example of money to illustrate this methodological problem and
its implications for empirically based hypothesizing. In doing this, I begin with an unexpected
move. I go back to a classic of modern sociology, Georg Simmel’s ‘Philosophy of Money’
published in 1900 (second edition 1907). At his time, the book was considered to be
revolutionary, but its theoretical innovations failed to exert substantial impact outside the field
of sociology. Originally, the book builds on a ‘psychology of money’ (Simmel 1889). Indeed,
it is a unique cross-disciplinary view on psychological, sociological and economic aspects of
money. The key point that is relevant for our methodological considerations is that money as
an institution has transformative powers on human behaviour in enabling cognitive processes
that are impossible without money. These processes shape the internal organization of
behaviour, in particular the organization and expression of emotions. Simmel proposes a
fundamental principle in analysing these processes which he takes from the contemporary
debates in economics: this is ‘exchange’. So, he adopts, broadly speaking, the emerging
neoclassical analysis of value of his times. In this regard, his thinking is congenial to the
Glimcher approach, but at the same time he argues in terms of externalism. So, I think that
Simmel’s grandiose view on money is of great significance in formulating a neuroeconomic
theory of money today.
The paper proceeds as follows. In the second section, I present a brief overview of Simmel’s
theory of money, which I conclude by putting it in the context of modern theories of
distributed cognition which are a leading example of neuro-externalism today. In the third
section, I connect Simmel’s approach with modern neuroeconomic and psychological
research that involves money, thus demonstrating the relevance of his thought. This is
followed by discussing a possible answer to the Glimcher challenge that builds on the seminal
work by psychologists Lea and Webley. Section five concludes.

2. Georg Simmel’s theory of money
Simmel’s theory of money has never been received in economics (if only at the fringes),
remaining a part of the sociological tradition, but even there it appears to be a solitaire. One
reason is certainly that only after decades it was translated into English, immediately leading
to a very sympathetic JEL review by leading scholars in monetary theory (Laidler and Rowe
1980). Yet, there was no further development of these beginnings. The reason is obvious, as
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Simmel presents a grand picture of money in the context of economic theory, psychology,
sociology and cultural history that was difficult to receive in the heyday of Beckerian
economic imperialism across the disciplines and the rational expectations revolution. So, I
claim that his insights only can be fully appreciated today, precisely in the context of
neuroeconomics and psychology, which today actually provide us with strong empirical
support for Simmel’s theory.
Simmel received the incipient neoclassical revolution in his work (especially, Menger and
Wieser) and proposed a theory of value that is firmly based on the opportunity cost principle.
However, whereas the subjectivist theory of value clearly counts as an internalist approach,
Simmel emphasizes the externalist view in viewing ‘value’ as an objective category that is
ontologically defined as a purely relational phenomenon (Simmel 1907: 53ff, 77ff). In
defining value as ‘economic’, exchange is foundational: Exchange is the more general
phenomenon, and individual opportunity cost thinking is just an internalization of the
principles of exchange. The other analytical foundation for value is the effort that is necessary
to obtain a good: This presupposes a distinction between subject and object, which Simmel
sees as an outcome of cultural evolution. Once this distinction is established cognitively, the
process of overcoming the distance between the object as a goal and the desire to achieve that
goal moves to the core of human choice. Basically, effort to achieve a goal is also a process of
exchange, as something else has to be given up in expending effort: This has been later
dubbed the opportunity cost principle.
As is well known to teachers of economics, the opportunity cost principle is by no means a
‘natural’ way of thinking in humans. For Simmel, the opportunity cost principle is what
makes choices ‘economic actions’ as opposed to non-economic ones. The domain where
economic choices play a central role is exchange. This is why the evolution of exchange also
affects the internal mechanisms of choice. The notion of exchange is a comprehensive one,
encompassing all human interactions which involve a mutual flow of benefits. Exchange is
the more fundamental category in understanding economic choice than internal mechanisms
because it is only exchange that ultimately turns the objects of choice into ‘objective’ entities
(Simmel 1907: 204). This process of ‘objectification’ is essential for Simmel’s sociological
theory (Simmel 1907: 442 calls humans ‘objective animals’, see also 492f). Exchange is not
simply seen as a meeting of two sides, hence supply and demand, but as a ‘Third’, that is an
evolving sphere of objective social facts in the sense that the valuation of objects becomes
6

increasingly independent from individual desires (Simmel 1907: 80, 99ff). Individual
valuations, of course, still play an essential role in driving exchange because of the
opportunity cost principle. 1
Simmel’s notion of objectification is externalist and points the way to a radically different
view of the standard neoclassical model of exchange and money, though retaining some of its
core formal features. This is why it appears congenial to Glimcher’s ‘neuroclassical’ approach,
though adding the important twist that external processes and entities play a crucial role in
explaining individual behaviour. Actually, it is dualist in terms of analytical approach. On the
one hand, Simmel argues in strictly neoclassical terms in following the quantity theory of
money and referring prices to relative valuations exclusively (Simmel 1907: 152f, 167ff). In
this view, money appears to be a mere medium of exchange. However, the ontological status
of money differs from the modern and standard idea of ‘neutrality’: Money is the highest
possible level of abstraction over the set of all possible transactions of exchange in being the
most fungible and universally accepted item of exchange. That means, money also achieves a
most advanced level of objectification, so is ‘real’ in the strict sense (Simmel 1907: 146ff,
280). For Simmel, money actually embodies the generalized opportunities for exchange in
society.
This ‘reality’ of money is essential for the second analytical perspective, in which exchange is
seen in the temporal dimension. In sequences of exchange transactions, money cannot be
neutral but carries value on its own. Interestingly, Simmel therefore argues that money
illusion is an essential factor in stabilizing more complex chains of exchange. Indeed, the
independent valuation of money in the temporal dimension enables increasingly complex and
indirect chains of exchange that enlarge the distance between original desires or intentions
and goals or purposes of actions, hence the increasing division of labour (Simmel 1907: 302ff,
690, 732ff). The essence of the division of labour is the growing indirectness of goal
fulfilment: This is only possible with the existence of money. Money emerges as the most
abstract and universal means of goal achievement, which is reflected in the central role of
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Simmel’s account of ‘objectification’ is vindicated by modern analytical philosophy, in particular Searle’s (1995,
2010) notion of ‘observer-relative facts’ by which institutional reality is constituted. I cannot explore these
issues here. Suffice to point out that money is also used as a prime example in these contexts (for a related
view, see Tuomela 2007).
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money in the expansion of individual freedom in social and political systems (Simmel 1907:
341ff, 643ff, 757f).
On first sight, this idea may look like the presumption that money is just an indirect measure
of utility. The great difference between Simmel’s theory and established economic theories of
money is that Simmel elaborates on the transformative effects of money: This is why
Simmel’s theory is also a ‘psychology of money’. Then, we see that the standard neutrality
assumption is an internalist one, whereas Simmel’s position is externalist. These
transformative functions work out in the same way as exchange in general drives the
objectification of valuations. There are two classes of transformations, cognitive and
emotional. The cognitive transformations result from the role of money as a unit of account
(Simmel 1907: 421ff, 444ff, 711ff). The existence of money allows new cognitive operations
over valuations which otherwise remain incommensurable. Comparisons of values across
different domains become possible as well as arbitrary divisions into fractions. This process,
however, evolves gradually, so happens in the time scale of cultural and civilizational history.
Then, through time monetary valuations increasingly become the measures of objective value
in terms of mediating the entire web of exchange transactions.
These cognitive transformations also affect emotional structures. Basically, the diffusion of
money drives a process of increasing individualization and growing autonomy of the
individual from particularistic social groups and the pertinent norms and obligations (Simmel
1907: 455ff, 521ff, 541ff). So, money transforms social relations into most abstract relations
based on the commensurable valuation principles, but at the same time allows for a maximal
degree of individualization and idiosyncratic valuations: Objectification goes hand in hand
with the growth of domains of subjectivity and its expressions.
These transformations also affect the emotional structures depending on context and
individual conditions. Simmel muses about distinctly new emotional phenomena such as
‘blasé attitude’ which all result from the fact that the existence of money as an abstract
valuation principle drives a wedge between original desires or judgments and the expressed
behaviours which are mediated by monetary valuations (Simmel 1907: 321, 384ff). Emotional
transformations also lead to distinct emotional attitudes towards money such as close to
pathological phenomena of ‘miserliness’ (Simmel 1907: 364ff). I do not go into the details of
his extremely rich historical and psychological analyses here, but just notice the basic insight.
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However, one general idea needs emphasis: These emotional transformations clearly run
against the idea that money is just an indirect vessel of derived utilities because the existence
of money also transforms the subjective perceptions of what might be seen as primordial
‘utilities’, i.e. valuations. For example, Simmel argues that the perception of universal
availability of a large range of choices may ultimately lead to the incapacity of enjoyment,
thus ending up in a state of dullness.
To summarize what is already a highly condensed abstract of Simmel’s 800-pages work:
Simmel receives a basically neoclassical theory of money in an externalist interpretation, thus
linking the notion of ‘neutrality’ with its ultimate objectification. Objectification endows
money with transformative properties that impact on cognitive functions and emotional
structures. These properties unfold through historical time.
In the subsequent section, I will relate Simmel’s theory to modern neuroeconomics and
psychology of money. At this point, I only locate Simmel in the context of modern
developments in cognitive sciences. Simmel argues that the emergence of a social artefact is
the cause of fundamental transformations of cognitive and emotional structures and processes.
This view corresponds with modern approaches to distributed cognition (Clark and Chalmers
1998; Clark 2011). These approaches are neuro-externalist, because they emphasize the
interaction between neuronal processes and phenomena in the external world. This includes
both general physical features of the world, but especially highlights the role of social
interaction and artefacts (the seminal contribution is Hutchins 1995). Here, the notion of
artefact is a very broad one that includes, among others, but most important, human language.
So, we can also generalize the insights of distributed cognition theories in the way that they
highlight the interaction between neuronal mechanisms and external symbolic media that are
involved in coordinating human action across individuals. Language is a prime example
which also matches with Simmel’s philosophical concerns. Language and derived techniques
such as writing transforms human cognitive capacities, while being at the same time an
irreducibly ‘social’ phenomenon. The sociality of language is rooted in the principled
impossibility of fixing meanings individually: The meaning of words can only be rooted in
mutual understandings of words which result into coordinated actions, linguistic or other.
So, Simmel’s approach can be characterized as a precursor of modern theories of distributed
cognition. Money as a historically evolved artefact would count as a transformator and
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mediator of cognitive and emotional processes. That means, the causal sequence that we need
to consider when analysing money is a complex one. There are cultural processes that lead to
certain activations of these effects of the money institution, and there are the ontogenetic
processes in human socialization that result into the particular neuronal embodiment of certain
money functions. Then, once these cultural and ontogenetic developments have taken place,
money is causally connected with particular neuronal structures which, however, do not per se
represent money functions. Yet, in the neuroeconomic mode of experimental analysis we can
hypothesize that certain neuronal structures might be involved in triggering behaviours related
to money, thus counting as ‘causes’. So, as we see, the distributed cognition approach implies
the recurrent switching between the neuro-externalist and the neuro-internalist perspectives,
though ultimately sticking to the former, once we consider the entire evolutionary trajectory
of the institution of money.
Arguments based on distributed cognition approaches seem to be rare in recent
neuroeconomic research. Interestingly, one exception is Dickhaut et al. (2009) who analyse
accounting as a means to enhance brain functions related to reciprocity and exchange. They
argue that accounting builds on existing mechanisms of memorizing and calculating costs and
rewards in exchange relations, but adds substantial leverage and enhancements in terms of
objectification, memory, or comparability. For example, whereas the human brain tends to
process larger numbers with less accuracy, accounting schemes activating external artefacts
remove this constraint on operations in the context of social exchange. Now, the foundation of
accounting lies in the institution of money. Subsequently, I will present recent neuroeconomic
and psychological evidence that supports Simmel’s views and therefore provides the
methodological rationale for combining neuroeconomics and distributed cognition approaches
into one coherent neuro-externalist paradigm.

3. The special role of money in modern neuroeconomic and psychological
research
It is interesting to notice that economists normally treat money as ‘objectified’ in the
Simmelian sense. One of the essential differences between experimental research in
psychology and economics is that economists insist on the use of money as a pay-off. They
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argue that money can serve as an incentive that incorporates ‘real’ value to the recipients and
is also commensurable across different subjects in a pool of test persons.
However, although this approach seems intuitive on first sight, it tends to ignore a question
that is fundamental for economics: Does money carry utility on its own? In Glimcher’s
framework, that would imply that there would be a distinct neuronal correlate to money that
would be independent from other kinds of rewards. On the one hand, this assumption would
contradict to the established neoclassical approach to money which does not assign value to
money, because money is only a technology of organizing exchange. That means, the value of
money as a merely nominal quantity would consist in the basket of goods that a certain
quantity of money represents. This ‘neutrality’ of money matches with the distinction between
primary and secondary reinforcers in psychology. Then, the question is whether money as a
merely cultural phenomenon is only a secondary reinforcer that mediates the perception of
primary rewards ‘which money can buy’.
In neuroeconomic research the status of money is therefore ambiguous. Phenomenologically,
money clearly has to count as a secondary reinforcer, since, as Glimcher argues in his
challenge, there is no reasonable hypothesis that might explain why natural selection and
evolution might have endowed human beings with a biological value function for money. But
at the same time, money seems to work as a primary reinforcer to the extent that its
neuroimaging performances in experiments are congruous with other primary reinforcers
(Camerer et al. 2005: 35; Phelps 2009: 240). That would imply that the concept of ‘money’
would qualify actually as an institutional oxymoron, namely a ‘cultural primary reinforcer’.
This ambivalent nature of money is also evident in economics. In the majority of economic
models with a neoclassical grounding, money is indeed treated as neutral, thus representing a
basket of goods (Harrison 2008: 306f.). Yet, there are also many more specific models in
which money is treated directly as having utility. But in my view, these models merely use a
shorthand approach to implementing a simple measure of utility. For example, using money
as a direct linear measure of utility in game theoretic modelling of pay-offs does not have the
status of an empirically grounded hypothesis but is simply a modelling device. A full
theoretical foundation would lead us back to the first approach.
The idea that money is only a derived representation of baskets of goods actually would cause
considerable difficulties for interpreting experimental data because this actually presupposes a
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complex cognitive operation on part of the subjects. Why should people perceive money in
terms of baskets of weighted shares of different goods? Alternatively, they might value
money just depending on their individual context: So, depending on the value of expected
rewards after leaving the lab and the implied delays, people would value money differently.
After all, money is often used in experiments with delayed rewards, but then the delay
between receiving the pay-offs and spending them off-site is also relevant for explain
observed behaviour. This means, however, that in typical delayed reward experiments there is
the possibility that two different frames interfere. One is the experimental context with certain
controlled delays and rewards, and the other the individual and idiosyncratic context of the
experimental subjects, who, for example, would implicitly consider the monetary reward as a
means to respond to an urgent need (they might have joined the experiment in a hungry state
and yearn for a burger, or they might just be considering to open a savings account for
acquiring a car etc.). These interferences could only be excluded if the subjects indeed
consider money as a measure for composite utility that can be gained from consuming a
‘virtual’ basket of goods. Clearly, that would presuppose a complex learning process by
which the individuals actually conceptually constructed such a basket that would remain
stable across contexts (so that the urgent need for burgers would not interfere with their
valuation of money). In Camerer’s terms, the value of money would then be an instance of
model-based learning. This learning process would have to take place in the larger contexts of
market exchange, thus actually presupposing the entire institutional setting of markets. So, the
idea of approaching money in terms of a basket of goods is deeply Simmelian, as it factually
introduces an ‘objectified’ notion of money. Experimentalists implicitly use money as a ‘real
object’. Indeed, this viewpoint matches with the aforementioned Dickhaut et al. (2009)
hypothesis that accounting schemes and principles are homologous to brain mechanisms that
process relative rewards and costs: This idea also seems to suggest a homology between a
‘common currency’ involved in the brain mechanisms and the external currency of money in
terms of both being a homogenous quantity that can be the object of quantitative operations.
The question is whether this homology is actually based on a direct neurophysiological anchor
for money that is not dependent of complex cognitive operations such as constructing baskets
of goods representing a monetary unit.
Neuroeconomic research does not support a purely economic version approach to money
because there is strong evidence that money is valued like other primary reinforcers which
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would imply that the utility of money is not only derived from the goods which money can
buy. The most impressive evidence is the neuroscientific confirmation of money illusion.
Money illusion is one of the most disputed concepts in modern macroeconomics. The
existence of money illusion had been rejected by the rational expectations theory in modern
macroeconomics which supposes that rational individuals are able to correctly distinguish
between nominal and real quantities and therefore would also reflect money neutrality in their
individual choices. The refutation of money illusion on the micro-level is one pivotal
assumption that led to the strange neglect of the financial sector, credit intermediaries and so
on in modern macroeconomic equilibrium approaches, even in the specific context of
modelling effects of monetary policies. Therefore, and to the contrary, the acceptance of
money illusion is also a building block in macroeconomic approaches that explicitly include
empirical insights of psychology into economics (Akerlof and Shiller 2009).
The existence of money illusion as a stable characteristic of human choice is proven in a large
number of experiments in which subjects fail to differentiate between real and nominal
quantities (Shafir et al. 1997). Subjects assign an independent value to gains and losses of
purely nominal nature, thus implicitly revealing an independent valuation of money as a good.
This valuation could also be confirmed in replications of simple behavioural experiments with
including brain imagining techniques (Weber et al. 2009). The convergence of the
behavioural and the brain imaging data is so close that variations in BOLD intensities in the
reward processing brain areas (ventromedial prefrontal cortex) directly match with the
expressed valuations of purely nominal quantities of money. This is a most interesting
empirical evidence for the hypothesized homology between monetary valuations and neuronal
valuations: I notice that in modern accounting and credit and debt relations, the nominal
principle holds, that is, changes in the real value of money are not taken into account.
I take these results as favouring the use of the aforementioned oxymoron, money appears to
be a ‘cultural primary reinforcer’. To this we can add a number of further observations on the
behavioural changes that are triggered by money. A typical approach in psychology is to
apply different priming schemes on experimental subjects. So, different from the standard
experiments in behavioural economics, money is not introduced as a pay-off in the
experimental interactions, but the environment of experiments varies with different cues that
obviously change the cognitive frames by which the subjects approach the different decisions
and behaviours that they adopt in the experiment proper. The research by Katherine Vohs and
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collaborators is highly representative for this kind of research (Vohs et al. 2006, 2008). They
could demonstrate that priming with money changes behaviour in a substantial way. For
example, people primed with money lend much less support to other people in simple
situations which would elicit cooperative behaviour (such as helping a person picking up
spilled materials). Similarly, they would manifest more self-sufficient behaviour, such as
preferring to work alone when solving certain tasks that could be solved faster in cooperation.
Priming with money even affects the choice of spatial positions, typically enhancing the
distance taken to other people. There are other effects that work on higher cognitive levels.
Caruso et al. (2013) showed that certain political attitudes shift when priming with money
occurred. So, American individuals enhance their support for a free –market system and their
approval for social inequalities. Interestingly, this effect does not exist for Non-American
subjects when dollar bills are used. This is evidence for the role of ontogenetic fixations in
anchoring the psychological effects of money.
There is experimental psychological research that also demonstrates the disjunction between
subjective utilities and monetary valuations, thus directly refuting the idea that money
represents derived utilities (Amir et al. 2008). In these experiments, the question is how
reservation prices for certain goods differ depending on whether there are transaction cues
versus experience cues. An experience cue gives test persons certain information about the
pleasure or suffering that one might experience when consuming the good or service. A
transaction cue provides information about monetary aspects of the good, such as reference
prices or costs of production. If money indirectly reflected subjective utilities, there should be
no significant difference between choices under impact of different cues. However,
reservation prices are much more strongly influenced by transaction cues than by experience
cues. That means, a frame shift happens when monetary valuations are active. This is the
frame of market exchange in which, for example, information about production costs would
be interpreted as an indirect indicator of the quality of the good, or reference prices would
suggest information about fair deals. So, the monetary frame does not reflect the subjective
utilities that people directly associate with the goods. In the most extreme form, this might
even lead to substantial welfare losses, because people might consistently underestimate the
subjective utility that can be gained by adopting a certain action if their reservation price is
biased against this because of the transactional cues that activate notions of transactional
fairness.
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This discussion also shows that the money frame is complex. This complexity is also apparent
in brain imaging studies which aim at identifying the mechanisms that result into behavioural
changes such as shifts in attitudes towards fairness (Zhou et al. 2014). Most interestingly,
activation patterns differ if test persons interact with other humans or a computer, thus
highlighting the special role of social exchange in a Simmelian fashion. Money seems to
affect both emotional responses to certain exchanges (mediated via parts of the insula) and
cognitive controls (mediated via parts of the prefrontal cortex). Especially, the resulting
behavioural changes affect the balance between fairness considerations and self-interest. This
indicates that money indeed appears to be an embodiment of social exchange, thus also
reflecting its complex dimensions: On the one hand, social exchange mediated by money is
driven by self-interest, but at the same time the shift to the transactional domain may trigger
related notions of equity and fairness on the cognitive level. Therefore, as Kouchaki et al.
(2013) argue, depending on context money can trigger different frame shifts, which remain
wedded to the monetary dimension, yet result into behavioural differences: A ‘business
decision frame’ highlights self-interest and objectification of social exchange partners, thus
possibly leading towards violations of fairness principles, whereas a ‘market pricing frame’
turns fairness aspects more salient. Both frames can be activated by money, depending on
contextual modulations. These more complex effects of money have been also manifest in the
illuminating experiments conducted by Qing et al. (2013) who could show that banknotes
which are dirty trigger more selfish and unfair actions, whereas clean and new banknotes
exactly cause the opposite.
Summarizing these selected results from empirical research in neuroeconomics and
psychology, I reach the conclusion that these vindicate Simmel’s theory of money in
substantial ways. Most important, there is clear evidence on the transformative powers of
money that converge with Simmel’s views, such as on individualization. There is also
evidence that money activates frames that relate with exchange in Simmel’s sense, and which
therefore lead to different valuations than under a frame that would only activate experiences
with actually consuming the goods. This matches with the Dickhaut et al. (2009) hypothesis
about the homology between accounting and brain mechanisms processing rewards and losses.
In their view, modern accounting represents the same ‘logic of social exchange’ that is
embodied in different brain mechanisms: Interestingly, this even applies for those
mechanisms that are often seen as contradicting perfect and formal economic rationality. For
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example, Dickhaut et al. argue that prospect theory (that is, the differential treatment of losses
and gains) is reflected in accounting principles such as valuation according to historical costs,
thus realizing losses but not gains (which, I notice, has been changed in recent applications of
mark-to-market principles and goodwill valuation that contributed to the financial crisis of
2008, according to some observers). That would imply that modern accounting based on
monetary valuations enhances and extends the brain’s processing of social exchange,
especially by means of enabling commensurable comparisons of valuations across different
individuals, with the explicit aim to contain the risks of cheating. So, neuroeconomic and
psychological research seems to support the most basic of Simmel’s ideas, namely that money
embodies exchange. This idea I pursue further in the next section.

4. The molar and neuro-externalist approach to money: A proposal
Our account so far can be cast into the distinction between ‘molecular’ and ‘molar’
approaches in neuroeconomics. Simmel’s theory clearly is molar in the sense that it allows to
extract theoretical principles about certain patterns of behaviour without necessarily
implicating a particular neuronal embodiment that is a specialized neural organ in Glimcher’s
molecular sense. Then, the question arises whether we can submit a specific hypothesis about
a molar subsystem in human choice that fulfils two criteria: First, it relates with the money
institution as an external fact, and second, it connects with behavioural patterns that in
principle involve brain mechanisms of a particular kind.
There is a specific proposal how to envisage the relationship between the artefact of money
and certain neuronal mechanism which connects up with the reported research on the
divergence between subjective utilities and monetary valuations. This divergence can be
explained by the fact that people shift to a social exchange framework once monetary
valuations are introduced. This matches with Glimcher’s observation that money might be
related to generic human capacities of social exchange.
This is the proposal by Lea and Webley (2006). Its reception in the literature appears to be
somewhat muted (but see Qing et al. 2012), presumably because they cast their hypothesis in
terms of the ‘money as tool’ versus ‘money as drug’ imagery, even suggesting that money can
trigger behavioural effects that come close to a drug. The drug theory of money is problematic,
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however, because it does not match with established theories about addiction which
recommend great care in extending the notion of addiction over a broader range of behaviours.
There is a setting in which the drug metaphor certainly applies, which is addiction to
gambling. However, this special context does not seem to be relevant when considering
money functions in general. 2
Therefore, the major contribution of the Lea and Webley theory is to suggest a neuronal
anchor for money that matches with Glimcher’s ideas. This is to root the independent
valuation of money in an emotional pattern that relates to human social exchange.
This hypothesis goes back to recent contributions by evolutionary psychologists who aimed at
explaining certain intricate patterns in failures and successes of human rationality. As this
literature is well-known, I just highlight the central insight (Cosmides and Tooby 2005).
There is overwhelming empirical evidence that humans have ecologically adapted capacities
of cognition and do not apply a more fundamental ‘general purpose’ rationality in guiding
choices. The famous example is the Wason Selection Task, which leads to very different
performances if it is coined in terms of a general task in logical reasoning or if it is explicitly
framed as a problem of how to detect cheaters in social exchange. The conclusion is that there
is no generic capacity of ‘logic’ embodied in our brains, but a logical and calculatory capacity
adapted to social exchange. This is a ‘cognitive instinct’ in the sense of Pinker.
It is also well-known that the cognitive performance of individuals is strongly influenced by
the way how the information is coded and represented. This is a special case of framing,
however particular kinds of framing actually enhance performance. Especially, human
individuals seem quite capable in extracting true probabilities and taking the appropriate
choices if they experience relative frequencies of events through time (the basic idea behind
the Iowa Gambling Task) compared to formal representations of probabilities as numbers
(Gigerenzer 1996 is a seminal argument on this). Framing effects of these alternate
representations can even overturn the basic directions of valuations, such as in prospect theory
2

Addictive gambling is seen by Ross et al. (2009) as the purest case of addiction as it presumably builds on a
loss of control of dopaminergic circuits in the brain, thus triggering behaviours which recurrently drive search
for goal attainment without fulfilment, yet leading to enhanced levels of dopamine which is actually the object
of addictive craving. Other elements of explanations of addictive gambling can be arranged with this view, such
as the role of ‘illusion of control’, see Clark (2010). So, the central factor in addictive gambling is not the money
per se, but the special context of activities of goal attainment in general, and the related learning processes
(Redish et al. 2008).
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(switching from overweighting high-probability events to overweighting high-probability
events, see Glimcher 2011: 383ff).
It is essential to notice that this dependence of performance on representations clearly
vindicates the externalist approach of distributed cognition. There is no single and
unequivocal determinant of cognitive performance ‘within’ the brain, but the brain needs to
rely on certain external representations in order to realize its functions.
Now, the concept of ‘cognitive instinct’ implicitly suggests a role of emotions in enabling
certain cognitive operations. This corresponds to the research tradition inspired by Damasio’s
and Bechara’s work and can be regarded as a fundamental idea also in evolutionary
psychology (Reimann and Bechara 2010). Then, considering a certain cognitive performance
based on external phenomena, we may ask for the correspondent emotional structure, or, even
following Damasio more explicitly, ask for a possible somatic marker that anchors the role of
money in human choice. I claim that this possibility underlies the fact that experimentalists in
neuroeconomics and psychology have converged on the use of money as a ‘currency’, as it
happened, in particular, in the creation of the Iowa Gambling Task by Bechara. I claim that
the very fact that money unequivocally triggers the non-cognitive capabilities of valuing
different decks reveals its causal connection with a somatic marker. I argue that this is exactly
the molar entity that would be essential in understanding the money institution, i.e. a causal
pattern between artefact and marker. Here the Lea and Webley argument comes into play.
It is well-known that cooperation in humans also triggers the standard dopaminergic reward
mechanisms, thus indicating a direct relevance of social preferences in eliciting behaviour,
even in the sense that cooperation is not ‘sacrificing’ individual interests but actually is
translated into the standard currency of reward, thus unifying different degrees of alleged
‘individual’ vs. ‘social preferences’ (Fehr 2009). Therefore, it seems reasonable to suggest the
hypothesis that a cognitive instinct for social exchange is also embedded into larger emotional
structures that include the standard reward mechanisms that stay at the centre of the Glimcher
model. So, this argument actually puts together Glimcher’s view and one part of Camerer’s
critique that highlights the neglect of emotions in the former. In evolutionary psychology,
emotions are higher-level patterns of behaviour and correlated neurophysiological
mechanisms that coordinate the more basal mechanisms such as the dopaminergic circuits
with other mechanisms that play together in eliciting regularized actions towards external
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stimuli (Tooby and Cosmides 2005). This is also the reason why emotions are essential for
enabling appropriate, that is ‘rational’ responses to certain stimuli, thus actually enabling
cognitive performances which might otherwise fail to take heed of the complex internal
conflicts of different mechanisms which are highlighted in the picoeconomics approach. That
matches with the observations about a specialized ‘molar’ system that enables rationality in
social exchange.
Then, and following Lea and Webley, we can surmise the hypothesis that the artefact of
money actually triggers this emotional complex of ‘social exchange’ in representing the sheer
unlimited possibilities of exchange, within the constraints of the available quantity of money.
In indicating these possibilities, money carries value of its own, which has been demonstrated
empirically by neuroeconomic research on money illusion. Interestingly, this hypothesis
matches with the proposal by Vohs and Baumeister (2011): ‘Money is not a happiness-giver
but rather a fungible facilitator of unfettered goal pursuit.’ And this observation leads us back
to Simmel in a straightforward fashion, again.
So, Simmel’s theory, combined with modern evolutionary psychology and neuroeconomics,
helps us to understand why money is a ‘cultural primary reinforcer’. Simmel saw money as
the embodiment of exchange opportunities and therefore as an irreducible social fact. We can
now surmise that this ‘embodiment’ could be possibly interpreted as a causal pattern
involving the artefact and a somatic marker that triggers certain emotional responses that
relate with social exchange. So, when neuroscience experimentalists converge on money as an
external trigger of reward mechanisms in the brain, they implicitly rely on this hypothesis on
a stable causal circuitry that anchors money in a somatic marker of social exchange, such as in
the IGT. So, Glimcher is right in speculating that money piggybacks on a pre-existing
neuronal mechanism. But this mechanism is not completely ‘hijacked’ by money and remains
autonomous, in our molar view. The causal pattern is a theoretical and molar entity which
might be interpreted as a higher-level pattern of brain processes, otherwise only including the
common ‘molecular’ mechanisms which are involved in human valuation and choice.

5. Discussion and conclusion
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The characterization of money by Vohs and Baumeister is given in the context of discussing
the question why money does not unequivocally relate with ‘happiness’. Indeed, happiness
research has been facing serious conceptual and empirical muddles and difficulties in relating
any kind of measures of material prosperity with subjective feelings of happiness (Di Tella
and McCulloch 2006). In this, aggregation invariably involves monetary valuations which are
then treated as mere technical means of measuring material prosperity.
Simmel’s approach in conjunction with modern neuroeconomics helps to resolve these
problems. As Vohs and Baumeister argue, the acquisition of money as measured in levels of
income is not simply an indicator of availability of goods but indicates growing capacities to
act and to pursue goals. Simmel already analysed in much detail that this process, however,
goes hand in hand with structural changes in society such as increasing individualization.
These lead to trade-offs: Most importantly, as shown also in current experimental research,
the diffusion of money many lead to the erosion of sources of happiness that reside in social
interaction in closer-knit groups.
This leads to the simple conclusion that if money is a ‘cultural primary reinforcer’, there are
universal trade-offs between money and other goods. One particularly intriguing question is
how money interacts with social preferences (Bowles and Polonía-Reyes 2012). There is a
broad range of empirical data that the substitution of other incentives, especially intrinsic ones,
by monetary incentives changes behaviour in a substantial way: This is presumably caused by
a frame shift towards market exchange (or, as in Kouchaki et al. 2013, more specifically a
‘business decision frame’). Against the background of our previous considerations, one can
speculate that the availability of money triggers reward mechanisms related to the possibilities
for social exchange and therefore diminishes the strength of motivations for other forms of
social exchange which activate similar emotions, but rely on other cues, in particular fairness
cues. There is strong empirical evidence that money diminishes the valuation of fairness in
social exchange, thus apparently triggering ‘egoistic’ behaviour. However, there is no real
explanation for this phenomenon apart from actually invoking folk ideas about money and
greed and other asocial behaviours. But this does not explain why money triggers this, since,
after all, money is a wonderful tool to enhance the scope of cooperation: And indeed, as I
have reported, money can also trigger frames that highlight fairness aspects. Therefore, the
real cause must lie in the fact that money carries value on its own, and that therefore there are
possibilities for complex relations of both complementarity and substitutability with other
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goods. This is suggested by the proposal to see money as being causally connected with
somatic markers in the context of brain mechanisms regulating social exchange behaviour.
In conclusion, Glimcher’s challenge is a seminal testing ground for testing and evaluating
competing methodologies in neuroeconomics which also translate in strategies of empirical
research. Building on Simmel’s theory of money, I have shown that a ‘molar’ or neuroexternalist approach is most promising to meet this challenge (Ross 2012). The molar
approach recognizes the pivotal role of intermediating neuronal mechanisms, but highlights
the organizing role of external entities, especially all kinds of symbolic systems that shape
higher level cognitive processes and their embeddedness in emotional structures. This means
that neuroscientific research needs to be combined closely with research that investigates into
the interaction between money and emotions. This can be done via experiments, such as when
investigating into social preferences and empathy and the impact of money on pertinent
behaviour, but also via historical research on money and emotions, such as when considering
the history of taboos or social regulations of the use of money across different domains of
social interaction. Thus, the molar approach is thoroughly cross-disciplinary, and may lead to
the interesting consequence that interpretive approaches in the humanities might regain
significance, precisely in the context of what is intended to be an endeavour that closely
follows methodological prescriptions of the sciences.
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