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Models in Economics Are Not Nomological Machines: 

A Pragmatic Approach to Economists’ Modeling Practices 

 

1. Introduction 

The issue of the status of theoretical models is gaining more and more attention from 

philosophers of science. One of the main reason for this fact is the increasing importance of 

the ‘model-based strategy’ (Godfrey-Smith 2006) in empirical sciences such as physics, 

biology and economics. A distinctive feature of model-based sciences is their commitment to 

produce general and particular knowledge through an indirect mode of representation looking 

either to isolate or to simplify the phenomena of interest. Among the social sciences, 

economics is largely the one which has pushed this strategy the farther. Theoretical 

knowledge in economics is now essentially produced through model-building activities. 

Unsurprisingly, philosophers of economics and economic methodologists have recently made 

the issue of modeling in economics one of their main concerns. 

The philosopher Nancy Cartwright is a long-standing and eminent contributor in the literature 

on the philosophy of scientific modeling.
1
 Building on various case studies from physics and 

economics, she develops a conception of scientific models as “nomological machines” aiming 

for isolating the “capacities” of various causal factors responsible for the phenomenon under 

study. Analogously to laboratory experiments, models are conceived as thought experiments 

whose settings are such that they produce deterministic or probabilistic results. Models then 

work as isolating tools helping the modeler to separate specific causal tendencies from 

disturbing factors. Initially, Cartwright has proposed the same defense of models as Galilean 

experiments in physics and in economics. However, she has recently expressed doubts on the 

effectiveness of the model-based strategy in economics.
2
 Cartwright’s main concern is the 

lack of widely accepted general principles in economics. Because of this, economists have to 

build models with huge structural assumptions producing over-constraints upon the results of 

the models. As the result, economic models are not ‘true’ Galilean experiments after all. 

From the economist’s point of view, Cartwright’s latter conclusions are disturbing. They are 

even less satisfactory in a ‘naturalistic’ philosophy of science perspective because they 

contradict the opinions of applied economists on their everyday practices. Indeed, mainstream 

economists – even though they regularly debate on specific modeling issues
3
 – hardly express 

doubts upon their general modeling strategy. Quite the contrary, the scientific convention 

according to which a theoretical conclusion cannot be accepted until it has been properly 

modeled seems has never seemed so strong in economics. In this paper, we contend that the 

only way to rationalize economists’ modeling practices is to give up Cartwright’s conception 

of models as nomological machines. Instead, we look for a pragmatic conception of scientific 

theories and models in economics by defining models as inferential tools: models in 

                                                           
1
 See particularly the various essays in (Cartwright 1994) and (Cartwright 1999). 

2
 See particularly some essays in (Cartwright 2007). See also (Cartwright 2009). 

3
 Such as for instance the relevance of the rational expectations hypothesis in modern macroeconomic models or 

about the solution concept to be used in game-theoretic models.  
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economics are used for various purposes (theoretical, empirical, rhetorical), all necessitating 

one or several inferences to be made. The understanding of the model-based strategy in 

economics necessitate to take into account not only the models (their characteristics) and their 

target systems but also the abilities and the aims of the modeler, the state of the theoretical 

knowledge in the discipline and the norms that established what inferences can be made from 

a given model. As the result, we go beyond the question of the ontology of economic models 

(what are economic models) to develop an epistemological approach to modeling practices in 

economics (how economists learn from their models). 

The paper is organized as follow: in the next two sections, we present Cartwright’s conception 

of models as nomological machines and her critique of economic models. Section four and 

five develop the basis of our pragmatic conception of (economic) models as inferential 

devices. In the sixth and seventh section, we give two examples. The first one is a model of 

involuntary unemployment developed by George Akerlof (1984, p.101–122). The second one 

is Brian Arthur’s model of the ‘El Farol bar’ illustrating the working of a complex adaptive 

system (Arthur 1994). The eighth section argues that the isomorphism between models and 

experiments suggested by Cartwright’s approach is only superficially true and indicates that 

in economics, models and experiments are complementary rather than substitute. A last 

section briefly concludes. 

 

2. Models as Nomological Machines 

Nancy Cartwright’s work has made a huge contribution in enhancing our understanding of 

causality and law-like relationships in science. A constitutive trend of Cartwright’s 

philosophical examination of how scientific knowledge is produced is the rejection of the 

received view according to which science is about searching for laws of nature ((Cartwright 

1983); (Cartwright 1994); (Cartwright 1999)). Laws of nature as they were defined by logical 

positivists (i.e. regular associations between properties) are scarce in our messy and dappled 

world. The scientific endeavor cannot be about searching for laws since they generally simply 

do not exist. Instead, science is concerned with the discovery and the understanding of 

capacities. Laws of nature are observable in the rare circumstances where a particular system 

of components operates stable capacities repeatedly. Hence, according to Cartwright, 

capacities are more fundamental than laws since the latter always obtain on account of the 

former. 

Cartwright defines a capacity as the causal tendencies associated to the feature or the 

component of a system: “The capacity associated with a feature is a power that systems with 

that feature have to produce a specific result characteristic of the capacity” (Cartwright 2009, 

p.46). The concept of capacities relies on the three-fold distinction between the obtaining of 

the capacity, its exercise and the manifest results bring about by the capacity (Cartwright 

2009). The obtaining of the capacity indicates under which conditions a particular component 

or feature will have the capacity to produce a specific result. The exercise of the capacity is 

the actual production of the causal force that gives the feature its capacity. Finally, the 

manifest results are the product of the working of the capacity when operating in isolation or 

in association with other causal tendencies. This last clause is essential since it indicates that a 
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capacity is not associated with a specific manifest result. In our empirical world, several 

capacities are always simultaneously at work, which makes rare if not impossible, the 

discovery of law-like regularities. According to Cartwright, science is all about discovering 

capacities.
4
 

Since capacities are scarcely observable properties of the empirical world, scientists have to 

build devices looking for the isolation of specific capacities. These devices aim at discovering 

stable configurations of features and causal factors producing law-like regularities. Cartwright 

calls them nomological machines: “What is a nomological machine? It is a fixed (enough) 

arrangements of components, or factors, with stable (enough) capacities that in the right sort 

of stable (enough) environment will, with repeated operation, give rise to the kind of regular 

behaviour that we represent in our scientific laws” (Cartwright 1999, p.50). Cartwright claims 

that all the kinds of laws scientists are concerned with are generated through the building of 

such nomological machines: causal laws, physical laws, economic laws, probabilistic laws. 

What devices count as nomological machines? Undoubtedly, laboratory experiments are the 

archetype of law-generating-devices. The construction of any experiment is governed by the 

primary objective of producing the same result under stable conditions repeatedly. Formally, 

any experiment E aims at generating a set of law-like regularities L = {L1,..., Ln} by holding 

constant a set of factors F = {F1,..., Fm}. It is possible to control for the capacities of each 

factor i through manipulation and intervention by holding constant all the factors but one F-i = 

{F1,..., Fi-1, Fi+1,..., Fm}. If this manipulation/intervention produces a change in L, then this 

indicates that the factor Fi has a capacity to produce a specific result. The set of constant 

factors F-i operates as a shield allowing for the isolation of a specific causal factor and its 

potential capacity. 

However, scientific knowledge is not only produced through controlled experiments, 

particularly in the social sciences. In many cases, scientists will acquire knowledge of 

capacities not through actual experiments but through an indirect and hypothetical 

representation of a particular system, i.e. model-building activities. In Cartwright’s account, 

scientific models are just another way to build nomological machines looking for isolating the 

effect of a given capacity from disturbing factors. Several conditions must be satisfied for a 

model to permit us to learn about capacities: 

“For the model to succeed in showing that a factor C has the capacity to produce E 

we must be in a position to argue that (a) the specific features incorporated into the 

model do not interfere with C in its production of E... Beyond that, (b) these features 

must be detailed enough for it to be determinate whether E occurs or not; and (c) 

they must be simple enough so that, using accepted principles, we can derive E. 

Finally, and most difficult to formulate, (d) the context must be ‘neutral’ to the 

operation of C, allowing E to be displayed ‘without distortion’... If conditions (a) to 

(d) are satisfied, we may say that we have a theoretically grounded hypothesis about 

the capacity. The capacity would be expected to be stable across the range of 

                                                           
4
 Cartwright’s approach is not totally new. It has much in common with John Stuart Mill’s epistemology (Mill 

1843). In economics, Carl Menger’s (Menger 1990) claim that theoretical knowledge is about the discovery of 

‘exact laws’ is very similar to the idea that science is searching for capacities.  
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circumstances where the general principles and the assumptions about interference 

and neutral context are valid” (Cartwright 1998, p.45-48). 

Thus, models are functionally isomorphic to experiments regarding their quest for building 

nomological machines. Models and experiments both look for arrangements of components 

(i.e. structures) that will produce stable capacities. Would the empirical world be as the 

theoretical or experimental structures, these capacities would produce the regular behavior 

that we call “natural laws”. Of course, because the environment of any system in the empirical 

world is hardly stable and because there are no such orderly constructed machines in the 

reality, we can hardly expect to observe the capacities in action without artificially building 

nomological machines. 

One should be aware however of a subtle difference between what Cartwright calls “real 

Galilean experiments’ (i.e. controlled experiments) and models as thought experiments. This 

difference appears in the above quotation on the conditions required for a model to help us to 

learn about capacities. Basically, the difference is in the clause “using accepted principles” in 

the condition (c). What this clause means is stated more fully by Cartwright elsewhere:  

“When a Galilean experiment is actually carried out, it is Nature that produces the 

effects, in accord with systematic principles she adopts for the situation, whereas in 

the model we produce the effects by deduction from the principle we adopt in the 

model. The result in real experiments is the exercise of the capacity associated with 

the cause as dictated by Nature’s principles; what results in the model is the exercise 

of the capacity as dictated by our principles. The results in the model replicate those 

of Nature if our principles are close enough to hers” (Cartwright 2009, p.47–48). 

Obviously, this is a characteristic of scientific models in general and it refers – by analogy 

with experiments again – to the problem of the internal validity of a model. In controlled 

experiments, a crucial issue is to be confident that the law-like regularities L = {L1,..., Ln} are 

generated uniquely by the set of factors F = {F1,..., Fm} and not by a set of other ‘hidden’ 

factors F’. The contrary would prevent any conclusion regarding the capacity of a specific 

factor Fi through manipulation and intervention.
5
 Once we are sure that we have neutralized 

all the other factors F-i, we can confidently assert that the change in L is entirely due to a 

change in Fi. As Cartwright puts it, then we are sure that it is Nature that produces the effect 

caused by the change in Fi. Matters are different in the case of models. Since models are 

thought experiments, the modeler does not actually carry out the experiment. The only way to 

go through the premises of the models to its conclusions is to operate a deductive reasoning 

building from a set of accepted principles P = {P1,..., Pk). Such principles are required in the 

explanans of the model because without them we would have difficulties in deriving any kind 

of regularities from a set of factors. Contrary to what happen in experiments, we cannot count 

on Nature to do the work for us. As Cartwright puts it, “[w]e get no regularities without a 

nomological machine to generate them; and our confidence that this experimental set-up 

constitutes a nomological machine rests on our recognition that it is just the right kind of 

design to elicit the nature of the interaction in a systematic way” (Cartwright 1999, p.89).  

                                                           
5
  In the case the experimenter has ignored some factors F’, he cannot control then the causal power of a specific 

factor Fi for the stability of F’. 
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3. Cartwright’s worries about Economic Models: Overconstraint and Misguided 

Idealization 

Cartwright’s initial concerns about scientific modeling were not restricted to economics. 

Quite the contrary, theoretical models mimicking Galilean experiments are considered by 

Cartwright as essential to understand how economics as well as physics can teach us about 

empirical reality. However, she used to consider that physics and economics were both 

limited in the scope of their teachings about Nature’s laws, though for opposite reasons. Both 

sciences use highly stylized models to derive deductively a set of consequences from a set of 

premises. Theses inferences are valid only in the restricted area of the nomological machines 

built by scientists. In the case of physics, this is so “because we are working with abstract 

concepts that have considerable deductive power but whose application is limited by the range 

of the concrete models that tie its abstract concepts to the world” (Cartwright 1999, p.4). In 

economics, the theoretical concepts (such as “unemployment” or “enforceability of debt 

contracts”) have a wider range of applications because they are of a more concrete nature than 

in physics. But these concepts can generate deductive results only when located in highly 

stylized models precisely because they lack a precise and general formulation: “That is the 

trick of building a model in contemporary economics: you have to figure out some 

circumstances that are constrained in just the right way that results can be derived 

deductively” (Cartwright 1999, p.3–4). 

Until 1999, Cartwright’s approach to theoretical models in general and to economic models in 

particular leads her to defend the latter against the charge of using unrealistic assumptions. 

Cartwright’s main statement was about the legitimacy of the economists’ use of the ceteris 

paribus clause to build Galilean experiments.
6
 Like physics, economics tries to find out what 

are the capacities of the features constituting our empirical world. The regularities that 

economists claim to find always hold ceteris paribus: modeling in economics is entirely 

directed toward isolating capacities by building a shield around a specific causal factor. 

Ceteris paribus conditions are even more important in economics than in physics because 

economists generally cannot build their models by starting from a set of fundamental 

regularities or accepted principles. Hence, economic models can allow for deductive 

inferences only if they build tightly constrained socio-economic machines giving rise to a law-

like regularity. Every such machines then will have the same general structure of the kind “if 

x, then y under z” where z holds for the set of ceteris paribus conditions. 

The slogan “socio-economic laws are created by socio-economic machines” (Cartwright 

1999, p.149) follows from this conception logically. It points to three distinct theses: firstly, in 

economics capacities are primary and have priority over the search for regularities. Secondly, 

economics fundamentally builds on the analytic method. That is, there is the widespread 

belief that different aspects of the economy can be understood by studying them separately 

and then by piecing them together. Finally, and more controversially, socio-economic 

machines may evolve because they rely on constitutive rules (i.e. institutions) that may 

                                                           
6
 Daniel Hausman (1992) develops a similar argument about the centrality of the ceteris paribus clause in 

economics. 
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change through times. Crucially, except for this last thesis, economics and physics work in the 

same way: “Like economics, physics uses the analytic method... Even physics, I argue, needs 

‘machines’ to generate regularities – machines in the sense of stable configurations of 

components with determinate capacities properly shielded and repeatedly set running... 

Economics and physics equally employ ceteris paribus laws, and that is a matter of the 

systems they study, not a deficiency in what they have to say about them” (Cartwright 1999, 

p.151). 

Recently however, Cartwright seems to have changed her mind about the status of economic 

models, at least concerning “analogue-economy models” as characterized by Robert Lucas 

(1983, p.272), i.e. models describing self-contained artificial economies with law-like 

regularities. As noted above, such models can teach us about capacities by mimicking 

Galilean experiments. However, such models are intrinsically limited in their ability to 

produce knowledge about capacities for two fundamental reasons (Cartwright 2009, p.47): the 

lack of widely accepted general principles in economics and the peculiar way in which 

economic capacities work and combine. The first point is directly related to the observation 

made in the previous section about the necessity, to conduct thought experiments, to have a 

set of principles to reach conclusions through deduction. It is accentuated by the fact that 

economists use very mundane, everyday concepts, whose attachment to empirical reality is 

unmediated (Cartwright 2002). Because economists want to provide a rigorous treatment of 

economic phenomena and, in many cases, produce precise results amenable to quantitative 

tests, they have to make very special assumptions that allow for a deductive treatment. In 

other words, economists tend to give to their analogue-economies characteristics “that can be 

represented mathematically in just the right kind of form... And this very special kind of 

dovetailing that can provide just what is needed for deduction is not likely to be provided by 

conditions that occur in the economy at large” (Cartwright 2007, p.221, emphasis added). 

Like experiments, economic models search for isolating a specific causal process or 

mechanism to explain how it works and what its effects are. The various ceteris paribus 

conditions that economic models are full of permit to uncover the stable tendencies of a given 

economic factor when everything else remains constant. To take one of Cartwright’s preferred 

examples, Christopher Pissarides’ model on the effects of skill loss on unemployment 

(Pissarides 1992) indicates that in any situation, skill loss tend to generate persistence in 

unemployment shocks. But Cartwright notes that the results of Pissarides’ model are highly 

tighten to very constraining structural assumptions such as the assumption of two overlapping 

generations, the assumption that wages are determined by a Nash bargaining process or the 

assumption that workers and employers maximize expected utility. All in all, Pissarides’ 

model is defined by sixteen assumptions of this kind (Cartwright 2002, p.146). The striking 

feature about these assumptions is their very special character. Except for the utility 

maximization hypothesis, none of them refers to “widely accepted general principles”.
7
 For 

instance, to assume that wages are determined by a Nash bargain is very strong. Formally, this 

helps to the deduction of specific results (by using a specific solution concept) but the 

                                                           
7
 Of course, even the assumption of utility maximization is controversial among economists. Properly 

understood, utility maximization mainly implies that agents have a well-ordered, transitive set of preferences and 

make consistent choices. But even this principle has meaningful, albeit rare, exceptions.  
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hypothesis has hardly any empirical justification. Clearly, several assumptions are made for 

tractability issues and to change them would not alter the result significantly. But some of 

them are directly responsible for the law-like behavior of the socio-economic machine and 

therefore are doing more than simply shielding the mechanism under study.
8
 

The lack of general principles and the peculiar nature of economic concepts lead to 

“overconstraining”.   Overconstraint means that the results derived from the model cannot be 

attributed solely to the working of the isolated causal factor as it would be the case was the 

model a true Galilean experiment. Again speaking of Pissarides’ model, Cartwright writes: 

“The desire for profit or for wages and leisure results in nothing without the addition 

of a great deal of structure. Notably we need some kind of matching technology to 

put workers into jobs. But also there are just two generations of workers, all workers 

become unemployed at the end of the first period, etc. And these assumptions play a 

role in the derivations that Pissarides makes although they could not reasonably be 

classed as separate causes or preventatives of unemployment. In a real experiment 

there will of course always be an infinitude of such additional factors; but in a real 

experiment they do not play a role. They obtain but they exert no influence on the 

outcome. The opposite is the case in most economic models. We can tell by 

inspection that they are relevant to the derivation of the results” (Cartwright 2009, 

p.49).     

The second point of Cartwright’s critique concerns the way capacities combine in economics. 

In the empirical world, multiple causal tendencies act simultaneously. Through isolating the 

capacity of a specific component, theoretical models help us to understand how each causal 

factor works separately. In physics, several laws of composition will then indicate how 

several causal forces combine together to produce the actual result in the empirical world.
9
 

Basically, this is an idea at the heart of the analytic method: one studies each causal factor 

separately and then combines them together. According to Cartwright, matters are not so 

simple in economics; exact laws of composition are unknown and causal factors may interact 

in such a way that the result may be unpredictable ((Cartwright 2007, p.222–223); (Cartwright 

2009, p.50–51)). 

If Cartwright’s general conception of theoretical models as nomological machines is valid and 

provided that the two points of her critique of economic models are right, then the 

implications are great: while experiments isolate a causal factor by building idealized 

conditions around it, economic models as socio-economic machines are entirely idealized 

constructs that fail to isolate any causal factor. What is thought as the isolated causal factor is 

actually a mechanism that is structurally tied to all other elements in the model. Hence, 

economic models cannot help us to learn about capacities. The requirements of internal 

validity are met at the cost of the external validity of the model-as-though-experiment. 

 

                                                           
8
 Robustness tests are a way to overcome this difficulty. But precisely, Cartwright argues that at least some 

structural assumptions in economic models are needed to generate the result (Cartwright 2009, p.52–53). 
9
 For instance, in mechanics, the law of composition simply follows vector addition.  
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4. The Ontology of Economic Models  

Cartwright’s last conclusions on economic modeling are undoubtedly not good news for 

economists. If science is all about learning about capacities and if (as Cartwright worries) 

economic models fail to be truthful tools to isolate capacities, then the status of economics as 

a science must be questioned. Indeed, more than any other social science and similarly to 

physics and biology, economics is a ‘model-based science’, i.e. a science that essentially uses 

a strategy of indirect representation of the empirical world (Godfrey-Smith 2006). The status 

of theoretical models and the legitimacy of the model-based strategy in economics have been 

the subjects of numerous controversies, most of them outside mainstream economics. For 

good or wrong reasons, mainstream economists seem confident in the relevance of their 

model-based approach and day-to-day practices among the profession suggest that most of 

them consider that the kind of modeling used is actually successful (at least generally) in 

developing new insights about the empirical world.  

Acknowledging that Cartwright’s reasoning is totally internally valid
10

, the only way to 

accommodate it with how economists are themselves evaluating their modeling practices is to 

change one of its two premises: maybe economics is not about discovering capacities (more 

exactly, economists are not searching for learning about capacities) or maybe economic 

models are not socio-economic machines whose function is to isolate capacities. The rejection 

of the first premise is an epistemological argument about what economists want to learn about 

the world and how they do so. The rejection of the second premise is an ontological argument 

about the nature of economic models. In this section, we focus on the ontological argument 

and we delay the epistemological argument until the next section. 

The nature of theoretical models is a long-debated issue in the philosophy of science. The 

dominant approach here is the ‘semantic view of theories’ ((Giere 1990); (Suppe 1989); (van 

Fraassen 1980)). The core idea of the semantic view is that the structure of scientific theories 

is made of theoretical models. The relationship between theories and models is a linguistic 

one: models are themselves identified as structures instantiating the claims made by theories. 

In other words, a model M is defined relatively to a theory T by a relationship of truth: the 

claims made by T are true in M and this is necessary for M to be a model (Morgan & 

Morrison 1999, p. 3). However, models themselves are structures and thus, non-linguistic 

entities.
11

 Proponents of the semantic view are in disagreement regarding the way theoretical 

models are related to real-world target systems. Most of them (such as Bas van Fraasen) argue 

that a model M represent a target systems S if and only if M and S are structurally isomorphic 

(i.e. there is a one-to-one mapping from all the elements of S into the elements of M). But 

others claim for a weaker relation of homomorphism. Finally, according to Ronald Giere 

(1990), the relationship between models and the world is a relation of similarity, i.e. the fact 

                                                           
10

 If economics is about discovering capacities and if economic models are socio-economic machines that fail to 

isolate capacities because of overconstraint, then economics fails to help us to learn how capacities work in the 

empirical world. 
11

 That means that the language in which the theory is expressed is secondary. As a non-linguistic entity, the 

same model can be described in a variety of languages, being mathematical, graphical, physical, etc. 
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that a model M and a target system S share some properties for relevant respects and 

degrees.
12

 

Beyond the specific nature of the relationship between models and empirical reality, the 

underlying ontology of the semantic view describing models as mathematical structures has 

been criticized ((Frigg 2006); (Frigg 2009); (Suárez 2003)). It has been suggested that 

isomorphism and similarity are neither necessary nor sufficient to scientific representation 

(Suárez 2003). More fundamentally, as demonstrated by Roman Frigg (2006), structural 

claims fail to provide scientific representations as long as they are not grounded on more 

concrete descriptions. The idea follows straightforwardly from the fact that isomorphism is a 

relation between two structures. Since the real world (or part of it) is not a mathematical 

structure, the scientist claiming for an isomorphism between the model M and the target 

system S must assume (and demonstrate) that M can represent S under a particular 

description. Hence, “descriptions cannot be omitted from an analysis of scientific 

representation and one has to recognize that scientific representation cannot be explained 

solely in terms of structures and isomorphism” (Frigg 2006, p. 8). 

Similarly, Weisberg (2007) recently pointed out the problem with philosophical account of 

modeling conflating the model with the model description. He proposes to characterize the 

relationship between the model and its description as a relation of specification. A description 

specifies a model by translating its structural features into more concrete elements and 

indicates to us how to coordinate parts of the model to parts of the target system. The central 

role of description leads some philosophers to claim that the “folk ontology” (Godfrey-Smith 

2006) of scientific models results in the fact that models share important features with literary 

fictions ((Frigg 2009); (Godfrey-Smith 2008)). Interestingly, some economists have recently 

put forward the idea that economic models represent counterfactual but credible worlds 

(Sugden 2001); it has been suggested that the relationship between such credible worlds and 

the reality is also similar to the way literary fictions relate to reality ((Grüne-Yanoff 2008); 

(Sugden 2009)). 

Cartwright’s own ontology of scientific models does not contradict the above account of 

models as self-sustaining systems describing a fictive world. Quite the contrary, nomological 

machines also are self-sustaining, complete systems which possess their own “laws”. Three 

aspects in Cartwright’s account of models as nomological machines indicate that the ontology 

of models she assumes does not differ significantly from that of the various post-semantic 

views. Firstly, and contrary to what the analogy between models and experiments seems to 

presume, the modeler does not start the construction of his nomological machine by isolating 

a peculiar feature in the real world but rather seeks first to build a machine with a law-like 

behavior before asserting conclusions about what has been isolated.
13

 Secondly, models make 

                                                           
12

 We return to this point below. Note that Giere partially departs from the semantic view since he does not 

defined models as structures in a set-theoretical sense. Rather, he suggests that models are ‘socially constructed 

entities’ (Giere 1990, p.78): an entity described by a specific language and whose reality is ascribed by the 

community using it. 
13

 Weisberg (2007) nicely makes a similar point with an example coming from evolutionary biology. He shows 

how the biologist Vito Volterra did not arrive at his famous two differential equations model of preys and 

predators populations by abstracting away some properties of real fish. Quite the contrary, he artificially 

constructed a fictive world by stipulating specific properties generating interesting regularities. 
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concrete claims by using more or less abstract theoretical concepts; they describe a concrete 

situation generated by a fictive world (Cartwright 1999, p.44-45). Thirdly, and more 

generally, Cartwright (1999, p.35-48) makes an analogy between fables and models: “the laws 

are true in the models, perhaps literally and precisely true, just as morals are true in their 

corresponding fables” (Cartwright 1999, p.48). 

Arguably, nothing in Cartwright’s account of theoretical models as socio-economic machines 

seems to contradict the folk ontology of models on which philosophers of science are 

increasingly agreeing. Quite the contrary, it fits quite well with the idea that models are 

theoretical constructions that are elaborated primarily for their internal properties and not 

because they are convincing representations of the way the world works. Models exhibit their 

own mechanisms and describe their own peculiar (and accordingly, highly simple) world. 

Like fables, they tell us their own morals for which we are certain of their truth because they 

were built according to this truth criterion. However, what remains controversial is the 

adequacy of the criteria of external validity used by economists to judge the relevance of their 

fables’ morals. 

 

5. From Economic Models to the Economic World 

According to Cartwright, economists build socio-economic machines to learn how capacities 

operate in the real world. Ideally, knowledge of capacities should permit prediction and 

control (Cartwright 2009, p.55). For the reasons underlined in section 3, economic models 

largely fail on this account. However, (mainstream) economists do not seem to agree with this 

statement. We contend this is so because economists do not actually believe that their models 

should produce knowledge about capacities. More fundamentally, the pragmatics of 

economic modeling suggests that economists build and use models to make various kinds of 

inferences whose relevance cannot be understood without referring to the kind of problems 

(both theoretical and empirical) the community of economists is actually facing. This point of 

view could be dubbed a pragmatist view of scientific models, both because it relies on how 

scientists actually build and use their models and because it starts from the premise that the 

epistemological value of scientific knowledge is functionally dependent upon the existence of 

a scientific community. The scientific community sets the criteria for judging about the 

relevance of a specific theoretical or empirical issue but also for evaluating the truth-value of 

a specific (theoretical or empirical) claim.
14

 From this perspective, the claim that economics 

and economic modeling are about the quest for capacities is not convincing.  

Mauricio Suárez’s ‘inferential conception of scientific representation’ (Suárez 2004) provides 

a good starting point for such a pragmatist view. Suárez argues that the best we can have is a 

minimalist conception of scientific representation in which the intentional judgments of the 

representation-users (here, the modeler) is playing an essential role. It leads to giving up the 

idea that a ‘good’ scientific representation must meet universal necessary and sufficient 

conditions. Moreover, it entails searching for nothing more than the surface features of the 

                                                           
14

 This is one of the main insights of the classical Pragmatism of Charles Sanders Peirce and John Dewey. Peirce 

in particular emphasized that Truth is an evolving value which is defined by the consensus in the scientific 

community.  
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concept of representation that scientists actually refer to. The inferential conception of 

representation is defined by two conditions as follow:  

A represents B only if (i) the representational force of A points towards B, and (ii) A 

allows competent and informed agents to draw specific inferences regarding B 

(Suárez 2004, p.773). 

The first requirement indicates that the scientific representation (the model) must objectively 

points toward a particular target system. A model is objective if it is informative regarding its 

target. The representational force of a model is the product of the fact that, in some way or 

another, it points toward an identified target system because it carries information relevant to 

understand the latter. Crucially, this first requirement makes the cognitive value of a model 

depending of its intrinsic properties regarding the properties of the target system.
15

 However, 

establishing and maintaining the representational force of a model supposes the presence of an 

agent (the modeler) with a specific purpose. The agent must intend a specific uses of the 

model and, as Suárez (2004, p.773) notes, these uses are driven by pragmatic considerations. 

The second requirement makes the role of the modeler even more important in the 

determination of the cognitive value of the model. It underlines one of the main functions of 

scientific representational devices: to permit surrogate reasoning. A given model will not have 

the same value for different agents endowed with different competencies and knowledge and 

pursuing different goals. Again, for the modeler to make inferences on a specific target 

system through a given model appeals to pragmatic skills and depends of the scientific 

context in which the enquiry is embedded. In practice, both requirements stand in a dynamical 

equilibrium: “On the one hand, the specification of the source and its representational force in 

part (i) constrains the level of competence and information required of an agent for 

representation; on the other hand, an inquiry into the inferential capacities of A may lead 

either to shifts in the force of A, or to a reconsideration of what an appropriate source is to 

represent a given target B” (Suárez 2004, p.774). 

A similar idea has been developed by Ronald Giere (2004). Giere argues that any theory of 

scientific representation must take into account that representation implies the active interplay 

of its user. Scientists are intentional agents who pursue specific goals. The purposes of the 

scientist motivate the way he will use the representational device and the inferences he will 

draw from it. According to Giere (2004, p.743), representations in science always take the 

following form: 

S uses X to represent W for purposes P. 

S stands for an individual scientist, a scientific group or the scientific community in its 

totality. X is the representational device, for example a model. Finally, W is the target systems 

on which the scientist wants to learn things given his purposes P. By including the cognitive 

role of the modeler, the analysis goes beyond a purely semantic approach of scientific theories 

and models. While from the semantic point of view, the problem is how two non-linguistic 

entities (the model and the target system) are related through linguistic entities defined in 
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 As Suárez notes, this kind of objectivity, characteristic of many kinds of representations, is one of the main 

reason for the popularity of the metaphor of representation as mirroring.   
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terms of truth
16

, to take into account the cognitive role of the modeler open the way to a 

pragmatist approach. The question is how and why a scientist is getting to believe that the 

specific model he builds will help him to make interesting inferences about the target system, 

given his purposes. 

In both Giere’s and Suárez’s views, the nature of the device used in the scientific 

representation is secondary. This “minimalist” approach does not mean however that 

everything can count as a scientific representational device. No more does it mean that a 

model does not have to possess some characteristics to be accepted by the scientific 

community. But beyond the objective features of the model, what will count to distinguish 

between successful or acceptable models and the not-so successful ones are the criteria 

defined by the scientific community. These criteria are “social” since they are a set of norms 

and conventions on which a group of scientists have tacitly agreed. They define what 

objective properties a “good” model must have to be acceptable (for example, in economics a 

good model is a mathematical one). But they also set the criteria for what is an “interesting” 

result and for defining the type of warranted inference from the model to the real world. As 

Giere notes, scientists are intentional agents who pursued several goals. The production of 

knowledge is of course one of them but clearly what is scientific knowledge depends of the 

approval of the scientific community. Hence, the way the scientist will build the model, the 

way he will use it and the way he will make inferences on the target system though it are all 

constrained by the norms set upon by the scientific community. What we learn from a model 

and how we learn are thus deeply connected to the social norms that regulate the behavior of 

scientists. 

Donato Rodríguez & Zamora Bonilla (2009) have recently developed a similar view, relating 

it to the general “normative inferentialist view of rational action” developed by the 

philosopher of language Robert Brandom (1998). The two major elements of this approach 

are that (i) at any given moment, each agent is committed/entitled to make certain claims and 

to engage in certain actions; (ii) these commitments/entitlements are defined according to the 

inferential norms that are accepted within a given community of speakers (Donato Rodríguez 

& Zamora Bonilla 2009, p.105).
17

 Applying this framework to the use of scientific models, 

the authors suggest that models are “inferential modules” which, given the practices of 

scientific communities, have three general and normative functions: a) to increase the ratio of 

“successful inferences” to not so successful ones where “successful” is defined according to 

the inferential norms of the community; b) to increase the number and variety of inferences 

we were able to draw from our previous commitments; c) to reduce the cognitive costs of the 

activity of drawing consequences. 

According to the authors, a successful model (i.e. a model accepted by the relevant scientific 

community) is enlightening: it has an inferential ability because it helps the scientific 
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 Giere (1990) calls these linguistic entities “theoretical hypothesis”, i.e. statements “asserting some sort of 

relationship between a model and a designated real system (or class of real systems). A theoretical hypothesis, 

then, is true or false according to whether the asserted relationship holds or not” (p.80).  
17

 Donato Rodriguez and Zamora Bonilla note that the commitments and the inferential norms are co-evolving in 

a given community. Commitments change according to the new inferential norms that emerge and inferential 

norms are submitted to an evolutionary process where the norms that are the most followed gradually displace 

less successful ones. This dynamic aspect is no relevant here. 
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community to increase the set of commitments while the set of inferential norms remains 

stable. Obviously, the set of inferential norms may not be the same in all the communities 

and, as a consequence, criteria of success may vary across the scientific domain. Some of 

them are general and more or less obvious
18

 (or ‘salient’) because scientific practices could 

not have evolved without them. But others may be peculiar to a particular scientific 

community. Crucially, inference norms are essential to define the representational force of a 

model. 

Moreover, one could argue that a scientific community is more than a set of commitments and 

a set of inferential norms. It is also defined by the issues that are judged as ‘important’ or 

‘essential’ by its members and by their knowledge and their competencies. Hence, both in 

Giere’s and Suárez’s account, it is necessary to take into account the scientific community and 

its characteristics to understand the way scientists use their models to represent different 

target systems. In Suárez’s inferential conception of scientific representation, the 

representational force of A depends of the objective features of the representational device 

(the model) but also of the identity and characteristics of the actual or potential users of it. 

The ability to draw accepted inferences from A to B will also depend on who are the users of 

the model and who are those judging these inferences. In each case, the community’s norms 

and the scientists’ knowledge and purposes contribute to define the inferential value of A. 

Similarly, almost all the items in Giere’s general description of representational practices are 

dependent upon the existence of a given scientific community: the scientist S is a member of a 

scientific community and knows what are the community’s norms; the choice of the target 

system W is partially explained by the scientist’ personal interests but also by what the 

community defines as an ‘important’ or ‘fundamental’ (theoretical or empirical) issue; the 

purposes P of the scientist must necessarily at least partially converge with those of the 

community. Hence, the way the modeler builds his model X to represent the target system W 

is a function of the community he is part of. 

To sum up, scientists’ modeling practices are judged according to a set of inferential norms 

that defined a scientific community. Models are inferential devices because they allow their 

users to make various kinds of inferences about corresponding target systems. Since the same 

model can represent various target systems
19

 (Weisberg 2007), the inferences drawn from the 

model depend on the modeler’s intentions. The modeler’s intentions are themselves 

constrained and defined by what he expects to be the community’s inferential criteria. A 

successful model is a model that allows its user to make inferences that are judged as valid 

given the communities’ norms. Clearly, this inferential conception of scientific models is far 

more liberal than Cartwright’s claim that models must enhance our knowledge about 

capacities. It is also more general: to make inferences about capacities may be one of the 
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 Donato Rodriguez and Zamorra Bonilla (2009, p.108-109) propose a list of possible “virtues” for a scientific 

model: adequacy, versatility, ergonomics and compatibility. Arguably, these characteristics are far more general 

than the claim that a good model must help to make inferences about capacities. 
19

 For example, the famous ‘hawk-dove’ game in game theory has been used first by biologists to study animal 

conflicts and then by economics to study the evolution of property conventions in human societies. Arguably, the 

target systems are different (even though they may share significant properties). While the mathematical 

structure of the model is the same whether it is used by biologists or by economists, its description change. As a 

result, it does not represent the same thing for biologists than for economists. 
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purposes of the modeler and may be an inferential norm of a given scientific community; but 

these are very demanding purposes and norms that can be met only in restrictive conditions 

(as Cartwright notes). It is highly plausible that in many cases scientists do not expect such 

high standards to be met. 

Evidences that economists are generally not searching for capacities has already been given 

by Robert Sugden ((2001); (2009); (2011)). Of the economic examples studied by Sugden 

(Akerlof’ market for lemons model with asymmetrical information, Schelling’s model of 

residential segregation and Banerjee’s model of herding behavior), neither seems to fit with 

Cartwright’s requirements. Sugden claims that in these three cases, the modeler never grounds 

his model on any kind of general hypothesis about the world. That is, the models lack the 

‘widely accepted general principles’ that are required to make the isolation of the capacity 

possible.
20

 Moreover, in many cases economists are prone to build their models upon general 

regularities that they know are not necessarily part of the real world. What counts is that these 

regularities are perceived as ‘credible’ given the current state of knowledge in the scientific 

community. Sometimes, a model predicts a phenomenon that has never been observed but is 

still regarded as interesting. This is what Sugden calls ‘explanations in search for 

observations” (Sugden 2011). 

The next two sections give further support to this general approach of modeling in economics 

with two other examples of economic models.          

     

6. Example #1: Akerlof’s model of ‘jobs as dam sites’ 

The first example is a highly interesting one because it figures a model which ostensibly 

violates the hypothesis that modeling is about searching for capacities. This is a model of 

involuntary unemployment developed by George Akerlof in his article “Jobs as dam sites” 

(Akerlof 1984, p.101–122).
21

 This model is typical of Akerlof’s methodological style but is 

also highly illustrative of the way economists tackle precise empirical issues through 

modeling. By the way, in the introduction of his collection of essays (Akerlof 1984, p.1-6), 

Akerlof argues that a “good economic theory” (and so, a good economic model) implies that 

“it poses interesting “if...then...” propositions relevant to some economic issues” (p.3). This 

definition fits well with the pragmatist approach to economic models of the previous section: 

a proposition is “interesting” if it tackles important issues and if responds to some previously 

unanswered problems economic theory has struggled with. The opinion of the scientific 

community is prevalent to define what is interesting and relevant. 

Akerlof’s model takes place in the old debate about the origins of unemployment. The 

standard neoclassical analysis of the labor market indicates that unemployment is always 

voluntary: the unemployed workers are workers who refuse to work for the equilibrium wage. 

At least since Keynes, economists mostly agree that this is not a satisfactorily statement since 
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 These examples are interesting since these three modeling exercises are generally considered to be highly 

successful ones among economists. Sugden also takes examples from biology and argues that modeling in 

biology roughly follows the same norms that modeling in economics.  
21

 The reference and the pages are those of the reprint article published in Akerlof’s book An Economic 

Theorist’s Book of Tales. Originally, the article was published in 1981 in The Review of Economic Studies. 
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unemployment is an endemic feature of modern market economies. Many alternative or 

complementary explanations have been developed, essentially in the framework of ‘neo-

Keynesian economics’. Akerlof’s article presents one of the first models of the ‘matching 

theories’ of unemployment which has gained a wide audience in the 1990’s.
22

 We first 

provide a sketch of Akerlof’s model, and then contemplate the way Akerlof justifies its 

epistemological value. 

A first striking feature of the model is that it explicitly builds on an analogy where jobs are 

compared to dam sites. The idea behind this analogy is that a worker who occupies a job is 

like a dam which is built on a dam site: “A dam which underutilizes a dam site, even though 

productive in the sense that water is usefully stored or electricity is usefully produced, will 

nevertheless be costly in the sense that the valuable dam site is wasted. Even at zero cost (and 

hence a benefit/cost ratio of infinity) it may not pay to use a dam which underutilizes the site. 

We picture jobs and workers in the same way” (Akerlof 1984, p.101). The underlying main 

idea behind this analogy is of course the concept of opportunity costs: once a job is occupied 

by a given worker, it lefts the pool of available jobs and hence is no longer available for other 

workers. If each job is associated to a potential maximum production, a worker who is not 

maximally productive will fail to reach the maximum production and therefore will generate 

waste of production opportunities, relatively to what a more productive worker would have 

produced. The main lesson of the model (what Cartwright’s would call the moral of the fable) 

is that unskilled workers, even if they are productive and even if they accept very low wages 

(even negative wages) may still fail to find a job because skilled workers are crowding them 

out. 

The second section (the first section is the introduction) of Akerlof’s article shows that the 

main idea of the model applies in many other models on non- or under-utilization of resources 

such as in the Ricardian land theory. The third section gives some stylized facts suggesting 

the importance of specific technology, i.e. a technology that is specific to a firm. Data 

indicates that much specific technology consists of fixed job descriptions indicating how 

discrete persons relate to each other in the firm. This leads to one of the key assumption in the 

model according to which one job could be filled by one person only. The next two sections 

present the model. It is declined first through a partial equilibrium example and then through a 

general equilibrium example. The first example simply establishes that, with flexible wages, 

unskilled workers cannot outbid skilled workers for a job. As a consequence, when there is 

unemployment, unskilled workers are always the first to be affected. Assume that there are 

two types of labor  and β. Each job uses one unit of labor with m (resp. mβ) units of raw 

materials to produce q (resp. qβ) units of output. We note pm the price of raw materials and pf 

the price of the final output. Finally, let w (resp. wβ) be the wage of labor of type  (resp. β). 

We can write the profits for a firm who fills a job with one of the two types of labor: 

(1) pfq - pmm - w, for labor of type  

(2) pfqβ - pmmβ - wβ, for labor of type β 

As long as (1) > (2), or 

                                                           
22

 See in particular the much celebrated paper of Christopher Pissarides  and Dale Mortensen “Job Creation and 

Job Destruction in the Theory of Unemployment” (Mortensen & Pissarides 1994). 
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(3) wβ/pf  > qβ - q + (pm/pf)(m - mβ) + w/pf  

a firm will prefer to give a job to a worker of type  rather than to a worker of type β. As 

Akerlof remarks, inequality (3) states that if the reservation wage of the workers of type β is 

above the value of the right-hand side of the equation, then β workers will never get a job. If  

w/pf (the wage of  workers) is sufficiently low, the right-hand side of (3) may be negative. 

That means that even if β would accept a negative wage, they may still not get a job. 

The general equilibrium example is more complex to present and, more importantly, involves 

many constraining assumptions. Among other things, the model assumes that there are only 

two classes of workers (skilled and unskilled). Skilled workers are assumed to be 

homogenous while unskilled workers are characterized by an ability index  uniformly 

distributed between 0 and 1. The supply of labor is assumed to be perfectly inelastic for 

nonnegative wages. For the production, the model assumes that there are two types of jobs: 

primary jobs which can be filled only by skilled workers. These jobs are heterogeneous and 

have outputs uniformly distributed on an interval [q
min

 ; q
max

]. There are also secondary 

(homogenous) jobs whose output per worker is qsk
sec

 for a skilled worker and qun
sec

 for 

unskilled workers, with  qsk
sec

 > qun
sec

. A primary job uses one unit of raw material for 

producing output while a secondary does not use raw materials. It is assumed that both the 

numbers of skilled and unskilled workers and the numbers of primary jobs and secondary jobs 

are given. They are denoted respectively by Nsk, Nun, J
pr

 and J
sec

. Finally, it is assumed that the 

output is sold in a competitive market at a price pf while raw materials is purchased at a price 

pm. Both prices are considered as given. This allows the possibility to change the ratio pm/pf to 

see the change on the level of unemployment. Notably, the model shows that when pm/pf falls, 

the level of unemployment also falls.   

Akerlof analyzes the model by keeping the value of all parameters constant, except for the 

ratio pm/pf. It shows that the parameter space pm/pf can be divided into six separate regions, all 

corresponding to a type of equilibrium and to a level of unemployment.
23

 As the value of pm/pf 

rises (which is a measure of the state of aggregate demand), the employment level of the 

economy falls. Basically, in the first region (for low values of pm/pf), all skilled labor is 

employed in the primary sector
24

 and unskilled workers occupy all the secondary jobs 

available. In the second region, the revenue of the marginal job in the primary sector (net of 

material costs) falls below the marginal revenue generated by a skilled worker in the 

secondary sector. Hence, some primary jobs became vacant and some skilled workers are 

employed on secondary jobs. If Nsk + Nun > J
sec

, this implies that some unskilled workers will 

become unemployed. In regions 3 and 4, more and more skilled workers are seeking 

secondary jobs until all unskilled workers become unemployed (if Nsk > J
sec

). If the number of 

skilled workers seeking a secondary jobs is superior to the number of secondary jobs, that 

means that unskilled workers are unemployed even for negative wages, while the wages of 

skilled workers are between (qsk
sec

 – qun
sec

) and 0. In regions 5 and 6, even skilled workers 

became unemployed and real wages fall under 0. 
                                                           
23

 Akerlof does not solve the model analytically but gives a numerical example with particular values for the 

constant parameters.  
24

 Provided that J
pr

  Nsk. If this is not the case, then some skilled workers occupy secondary jobs and displace 

unskilled workers (who eventually became unemployed if the number of secondary jobs is too low).  
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It is interesting to see how Akerlof’s model is far from being a nomological machine in 

Cartwright’s sense. At first sight, it seems that the model is isolating a specific causal factor 

responsible for unemployment. Indeed, in the numerical example of the article, all parameters 

are keep constant, except for the ratio pm/pf which is a measure of the state of aggregate 

demand. Therefore, the model appears to isolate the causal power of aggregate demand on 

employment. But this interpretation is clearly mistaken because the relationship between the 

level of aggregate demand and the level of employment is entirely mediated by the structure 

of the model. An important thing to note is that this model contains no accepted general 

principle other than the usual assumption of profit maximization. All the remaining features 

of the model are highly specific assumptions which can hardly be thought to hold in the real 

world. Indeed, Akerlof himself emphasizes this point in a subsection “Comments on the 

model”. He justifies most of the singular features of the model for reason of “economy of 

modeling” (Akerlof 1984, p.113). But some of them are made for other reasons. The first 

singularity is the assumption of homogeneity among skilled workers. It is justified by the fact 

that making all the types of workers nonhomogeneous would then make necessary to study 

how nonhomogeneous workers are allocated across nonhomogeneous jobs: “Although this 

may be a problem of some interest in general, the points of this paper can be most easily 

illustrated independent of the solution to that problem, by making either jobs or labour 

homogeneous” (Akerlof 1984, p.114). 

The second singularity is the reverse assumption about jobs: secondary jobs are homogenous 

while primary jobs are nonhomogeneous. This simplification makes easier to show “how the 

unemployment rate caries continuously as the marginal worker becomes unemployed with 

marginal declines in demand” (p.114). Other assumptions are made for the explicit purpose of 

generating a specific result. For instance, the assumption of no raw materials in secondary 

jobs makes possible to show no ambiguously that even when a (unskilled) worker has a 

positive net output when allocated to a secondary job, he may still fail to find a job. Finally, 

two additional assumptions are necessary if we want the model to yield unemployment with 

perfectly flexible wages: firstly, the number of jobs J
pr

 and J
sec 

must be limited; secondly, 

both the number of jobs and the number of workers are fixed while the same job cannot be 

occupied by more than one worker. No unemployment can emerge if these assumptions are 

not observed. 

The level of employment in the model is thus highly dependent of several assumptions; a fall 

in aggregate demand would not necessarily produce unemployment without those 

assumptions. More importantly, despite the fact that the level of aggregate demand is the only 

flexible parameter, Akerlof is not interested in discovering the capacities of aggregate 

demand, but rather wants to underline how an economy structured such as jobs are 

interpreted as dam sites may generate unemployment. Akerlof goes as far as to describe his 

model as “kinky” (p.115). Obviously, because this model is highly specific it fails to isolate 

any capacity. What happens in the model happens because of the way the model is built, and 

the way the model is built is motivated by the aim to generate a given result, i.e. 

unemployment when wages are flexible. Rather than isolating a mechanism responsible for 

unemployment, Akerlof’s model is arranged to create this mechanism. 



19 
 

Surely, Cartwright’s critique of economic models applies to Akerlof’s one. Akerlof’s model is 

overconstrained and relies on no general principle other than profit maximization. Still, the 

article in which the model is developed has been published and has been cited many times in 

economic journals. As noted above, this model can be considered as one of the first 

contributions in matching theories of unemployment. Though it makes obvious unrealistic 

assumptions, such as to assume an exogenous and fixed number of jobs, and despite the fact 

that these assumptions are essential to generate its main result, this model has been generally 

considered as insightful by the community of economists. Since it is clear that Akerlof’s 

model aims at shading light on an empirical issue,
25

 the question is why economists consider 

that it is empirically illuminating. One way to account for this fact is to rely on the inferential 

and pragmatist view developed in the preceding section. 

Obviously, the model meets the inferential norms of the community of economists. In 

particular, the model identifies several equilibria (a key concept in economic modeling). 

These equilibria are the result of a matching mechanism that is considered to be plausible - 

though highly unrealistic – because it can be generated. Thus, the model is highly suggestive: 

it deepens our understanding of the phenomenon of unemployment by suggesting a 

mechanism that could exist in some possible world, i.e. a world we know for sure that is not 

real but nonetheless could exist in principle, provided that some (even eccentric) assumptions 

would hold. The model allows its users to make an indirect inference about the real world. 

This inference is possible not because the model is isomorphic to the real world or because it 

works as a nomological machine, but because it generates a new mechanism through 

modeling norms economists regard as valid. The model is enlightening (Donato Rodríguez & 

Zamora Bonilla 2009): even though it is highly unrealistic, economists’ competencies and 

knowledge allow them to make useful inferences about an empirical phenomenon relatively to 

a peculiar theoretical background. 

 

7. Example #2: Arthur’s El Farol Bar Model 

Our second example is Brian Arthur’s famous article “Inductive Reasoning and Bounded 

Rationality” (Arthur 1994). Arthur presents a computational model demonstrating how 

bounded-rational agents can generate a near-optimal collective outcome. It appears that 

Arthur’s model is far from being a nomological machine. Yet, it is a much-cited article and is 

considered as an important work in the early developments of ‘complexity economics’. 

The model builds on the story of the ‘El Farol bar’ in Santa Fe. The general issue is the 

following: how agents are able to make choice when the problem at stake is too complex and 

human’s logical capacities cannot cope with it and/or when one’s optimal action is a function 

of what others in the population are doing but that there is no guarantee that others are acting 
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 Some authors as Aydinonat (2009) and Grüne-Yanoff (2008) argue that many economic models do not aim at 

more than asserting the (logical) possibility of a particular mechanism or a particular capability.  They are not 

built to support a conjecture about the real world. In this case, models are tools of conceptual exploration. 

Weisberg (2007) also notes that in many cases, the modeling process ends with the conceptual exploration 

because no link is attended to be made with the real world. Here, it seems dubious to interpret Akerlof’s model 

only as an exercise in conceptual exploration since it explicitly intends to explain a highly significant empirical 

fact. Moreover, it contains an empirical section.    
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rationally? In these cases, agents must form subjective beliefs (and subjective beliefs about 

subjective beliefs) about the world and about others. While in economics and classical game 

theory agents are supposed to use some kind of sophisticated reasoning to form their beliefs 

(such as Bayes’ rule), Arthur contends that it is more reasonable to assume that agents use 

more simple inductive methods: 

“In problems of complication then, we look for patterns; and we simplify the 

problem by using these to construct temporary internal models or hypotheses or 

schemata to work with. We carry out localized deductions based on our current 

hypotheses and act on them. As feedback from the environment comes in, we may 

strengthen or weaken our beliefs in our current hypotheses, discarding some when 

they cease to perform, and replacing them as needed with new ones. In other words, 

when we cannot fully reason or lack full definition of the problem, we use simple 

models to fill the gaps in our understanding. Such behavior is inductive” (Arthur 

1994, p.406–407). 

The point of Arthur’s model is to provide a way of modeling inductive reasoning and to 

inquire into what happens when bounded-rational agents use a variety of ‘belief-models’ 

predicting what will happen next on the basis of what has happened in the previous periods. 

The general picture is the following: a population of agents endowed with well-defined 

preferences interacts repeatedly. Each agent uses a specific belief-model to predict what other 

agents will do in the next period and then acts according to his preferences and to his 

prediction. If the prediction is confirmed (and thus the agent does not regret his choice), the 

agent keeps the belief-model and uses it for the next period; however, if the prediction is 

falsified, he gives up the belief-model and chooses a new one (possibly randomly) from a 

pool of available belief-models. As Arthur notes, such a generic model depicts a learning and 

(co)evolutionary process: agents progressively learn what are the “good” models and discard 

those that work poorly; moreover, belief-models coevolve since each model compete in an 

ecology of belief-models. At each moment, the validity of one model depends of what models 

the rest of the population is using.  

Arthur’s specific model describes a population of N = 100 agents who must decide 

independently to go to a bar or not (the El Farol bar) at each period to enjoy some 

entertainment. The size of the bar is finite and hence space is limited; it is assumed that the 

bar is overcrowded when more than sixty persons are present. Every agents have the same 

preferences ranking, where to go to the bar if there are less than sixty persons is preferred 

over to stay home, which is preferred over to go to the bar when there are sixty or more 

persons. Hence, each agent will choose to go to the bar if he expects fewer than sixty to show 

up. A bunch of assumptions are made: agents cannot communicate; no centralized 

institutional process exists to coordinate ex ante agents’ actions; choices are unaffected by 

previous visits; the only information is the number of people who came to the bar the previous 

period. What we want to find out with this model is the dynamic of the affluence in the bar. 

The interesting point is that, since agents may use a variety of belief-models to help them to 

predict what will happen in the next period, there is no universally valid deductive rule that 
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one may use to always make the right choice. Moreover, as Arthur notes, any commonality of 

expectations is self-defeating.
26

  

In the model, each agents can form several predictions in the form of a function mapping the 

bar’s attendance of the last n periods into the attendance of the next period. A large variety of 

prediction rules (belief-models) is assumed and each agent is endowed with a set k of such 

rules. At a given period, each agent is using only one rule of his set but keeps track of the 

accuracy of all the rules in his set k given the actual attendance of the bar. Each agent keeps 

the same active rule as long as it generates an accurate prediction and switches to the most 

accurate rule of his set k once the one he was using makes a wrong prediction. Clearly, this 

model is difficult to solve analytically once we allow for a sufficiently vast ecology of belief-

models. Arthur chooses to study the model through computer experiments, randomly 

assigning each time a set ki of belief-models to each agent i from a bigger set of predictors. As 

Arthur notes, given the starting conditions of the model and given the set K = {k1,..., k100} 

available to the 100 agents, the future accuracies of all belief-models is already determined 

and hence the dynamics is deterministic. What the repeated computer experiments showed is 

that cycling dynamics (when they appeared) quickly vanish (there are no persistent cycles) 

and that average attendance always converge to sixty persons, i.e. the ‘optimal’ attendance. 

The population exhibits a kind of “ecological rationality” despite the fact that agents are far 

from being rational in the deductive and logical sense. 

As for Akerlof’s model, it is difficult to characterize Arthur’s model as a nomological 

machine. Here, it is simply very difficult to see what the model is isolating. It does not build 

on any accepted principle; quite the contrary, it rejects what is taken to be a conventional 

assumption in economics, i.e. the use of mixed-strategies. Interestingly, however, the 

population dynamics exactly converge to the same result that one would obtain assuming that 

all agents play mixed-strategies (obviously, in this model, to go to the bar 3 times out of 5 is 

the equilibrium in mixed-strategies).  Finally, it is clear that the model is highly specific, 

though it can be generalized in many ways. The fact that Arthur does not produce any 

analytical solution gives in principle no guarantee that every starting conditions converge 

toward an average attendance of sixty persons. Moreover, it is highly probable that a small 

change in the model can considerably change the resulting dynamics.  

However, several points must be noted. Firstly, even though Arthur does not give any 

analytical proof to his claim, he suggests a plausible mechanism through an example: 

To get some understanding of how this happens, suppose that 70 percent of their 

predictors forecasted above 60 for a longish time. Then on average only 30 people 

would show up; but this would validate predictors that forecasted close to 30 and 

invalidate the above-60 predictors, restoring the "ecological" balance among 

predictions, so to speak. Eventually the 40-60-percent combination would assert 

itself. (Making this argument mathematically exact appears to be nontrivial) (Arthur 

1994, p.410). 
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 If everyone expects that no one or few will go, then everyone will go and thus will see his prediction 

disconfirmed. The reverse is also true. 
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Interestingly, Arthur defends his claim through an inductive argument. This argument aims at 

giving the reader a “feeling” of what is happening in the model. Because this example is 

highly plausible (even though we cannot be sure that there are no exceptions), it will be 

generally considered as convincing. Secondly, it could be argued that what is true about 

Arthur’s model is also true to any kind of agent-based or computational models, which by 

definition do not propose analytical solution, and that a different analysis must apply to 

analytical models. It is true that computational models have distinctive features that set them 

apart relatively to more conventional analytical (mathematical) models. However, it is not 

clear that computational models create new epistemological problems (Frigg & Reiss 2008). 

Notably, the issues of the way models connect with the real world and provide knowledge on 

the latter are basically the same than for other kinds of models or scientific representations. 

Finally, it is important to account for the fact that Arthur’s model tackles an issue that is at the 

heart of economic thinking since at least Adam Smith: how an order can emerge at a systemic 

level while, at the individual level, it seems that no feature can explain this order. For 

economists, this issue is “interesting” and “relevant” and any scientist trained in economic 

thinking will acknowledge the importance of Arthur’s claim, even though it is not supported 

by a perfectly logical and deductive demonstration. 

Arthur’s model cannot be a nomological machine because there is no obvious capacity that it 

is trying to isolate. Rather, what this model seems to achieve is to evocate the plausibility of a 

mechanism. In some way, we are almost sure that the systemic order that partially 

characterize our economy is not the result of the mechanism generated by Arthur’s model 

since the assumptions concerning the agents’ thinking process are too crude. But Arthur’s 

claim is enlightening given the state of theoretical knowledge in economics where individual 

rationality and ecological rationality where deemed to be logically related. Even if the 

mechanism suggested by the model is not true of the real world and even if it is not similar to 

what happens in the real world, it still succeeds in enlarging our scope of potential and partial 

explanations of several empirical facts. In particular, it generates an interesting mechanism 

that may obtain in a possible world, i.e. a world we can imagine even though it bears only a 

slight similarity with our actual world. Therefore, Arthur’s model is a great case of model-as-

inferential device because it suggests to economists another way through which systemic 

order can possibly obtain in the economy.            

 

8. Models are not Experiments 

One of the main implications of our argument is the rejection of the claim that models and 

experiments are isomorphic or even similar tools, at least in economics. As we note in section 

2, according to Cartwright, experiments and models are similar in that both are looking to 

build nomological machines. Both entertain the goal to isolate a specific causal factor by 

holding constant a set of parameters. In real experiments, these parameters are ‘material’ 

things that can affect the behavior of the system under study, while in a model these 

parameters are mathematical values. Both are looking for capacities. Hence, while 

experiments are ‘real’ Galilean experiments, Cartwright considers fruitful to consider models 

Galilean as thought-experiments. One of the consequences of this approach is that models 
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must be judged according to the same twofold criteria of internal and external validity than 

experiments. 

As Cartwright herself points out, there is always a tradeoff between internal validity and 

external validity (Cartwright 2007, p.220). Internal validity is secured as long as the 

conditions of the (thought-) experiment are carefully checked such as we are almost sure that 

the result is not produced by some hidden factor. In a real experiment, this necessitates to 

check carefully the protocol and to repeat the experiment several times. In a model, one must 

check carefully the underlying logic to ensure that the conclusions follow from a set of 

premises and a set of principles. However, the conditions needed to secure internal validity 

will generally lead to make highly specific assumptions (or to set-up a highly specific 

experiment) that fail to find a counterpart in the real world. Generally, the more we are 

confident in the internal consistency of our experiment/model, the less we are confident that 

the specific results of our experiment/model generalize to the real world. A good 

experiment/model is one that finds the optimal bargain between internal consistency and 

external relevance. As we showed above however, it seems that many economic models are 

not judged according to such a tradeoff. In some cases, they even fail to meet at least one of 

the two criteria. This is because models are not experiments, and so cannot be judged in the 

same way.
27

 

The claim that models are similar to experiments has not only been made by Cartwright but 

also by other scholars (e.g. (Mäki 2005); (Guala 2005, p.203–230)) with more or less 

qualifications. It is based on several postulates, all reminiscent of the idea that models are 

nomological machines: (i) a model is a tool of isolation, (ii) isolation proceeds through 

manipulation and control, (iii) isolation operates through idealization, (iv) general theoretical 

principles must substitute for Nature in ‘moving on’ the model. The last postulate has been 

highly emphasized by Cartwright and as recognized above, many economic models lack such 

principles but are still recognized as insightful. The first three postulates are highly dubious 

(Grüne-Yanoff 2011). Firstly, as already argued above (see in particular (Weisberg 2007)), 

most theoretical models are build without any prior reference to a specific empirical system of 

which the modeler is trying to isolate one of several features. Most models are built on the 

basis of highly abstract and general considerations. Often, these considerations are not 

empirical but theoretical and so relate to previous models and not to any empirical systems. 

As Grüne-Yanoff (2011) notes, to isolate is to isolate from something, i.e. a base. Surely, in 

an experiment this ‘something’ is made of material stuff. Moreover, an experiment will 

always look to isolate by referring to the same properties that it seeks to isolate from. In other 

words, an experiment is made of the same ‘stuff’ than the target system and this is required to 

be confident in the relevance of its result (see also Guala (2005, p.215) who makes a similar 

point). It is clear that many models and in particular economic models do not isolate in this 

sense.
28

 Even if the El Farol bar is a real bar (as Arthur indicates in his article), it does not 

have any of the properties of the element that is called “bar” in the model. The metaphor of 
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 The idea that real experiments must be judged according to both their internal validity and their external 

validity is widely accepted and is unproblematic. For instance, the debates surrounding the results of behavioral 

economics are clearly conducted on the basis of these two criteria. 
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 This is a point that Cartwright acknowledges. See section 4 above. 
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the bar is merely illustrative but does not have any empirical significance. The same is true of 

Akerlof’s model and of its analogy between jobs and dam sites.  

Secondly, even if manipulation and control are what is expected from successful experiments, 

it is not clear that what are recognized as successful models achieve this. Models, like 

experiments, are sometimes considered to be tools that produce causation through 

manipulation (Guala 2005, p.212–213): a change in the model’s structure (its assumptions) or 

a change in the numerical value of its parameters are always the result of an action of the 

modeler who is seeking to trigger and to observe a causal mechanism. This is probably a 

sufficient condition for a model to be deemed “interesting” but not a necessary one: Arthur’s 

model does not seem to require any kind of manipulation to produce an interesting result
29

. 

Moreover, one should note that the modeler is not manipulating the same thing than the 

experimenter. Isolation in the case of an experiment involves some kind of manipulation by 

the experimenter working with material stuff. As Grüne-Yanoff (2011) notes, in many cases 

these manipulations are difficult and unsuccessful because they are constrained by the natural 

properties of the material. By contrast, manipulation is virtually unlimited in a model. In some 

way, this explains why Cartwright considers that a model must be grounded on a set of 

general principles: these principles restrict the range of results that can be produced by a 

model. Instead, economists build highly specific models with assumptions that sometimes 

ostensibly violate what we know about the real world.
30

 Finally, it is clear that in most cases, 

economic models fail to isolate anything because every element of which they are made of is 

idealized, in some way or another. Again, this is recognized by Cartwright since it is precisely 

the point of her argument about overconstraint. For instance, in Akerlof’s model, the level of 

unemployment is not explained by an isolated single causal factor but rather by a mechanism 

which is entirely mediated through the highly idealized assumptions of the model. 

Contrary to what the thesis of models as nomological machines suggests, models and 

experiments are therefore of a very different nature. More precisely, experiments and models 

(at least in economics) are not judged according to the same epistemological criteria. A good 

experiment is an experiment that achieves an optimal or satisfactory tradeoff between internal 

validity and external validity. Obviously, a model can be deemed to be “insightful” even if it 

fails to achieve external validity. In other words, economists do not entertain the same 

inferential norms for experiments and for models. The reasons for this are partly sociological 

but may have also some logical explanations. Basically, when we run a model we know what 

happens in it (i.e. the mechanism at work) because we have intentionally built it to produce 

the purported mechanism. A model is thus a powerful device to produce knowledge about 

possible worlds, i.e. worlds which we are not sure exist but still are interesting either from a 

theoretical or an empirical point of view and which we know perfectly well because we have 

built them. Similarly to what happens with fictions, knowing about possible worlds enhance 

our imagination about the way the real world is working. In many cases, it will suffice that a 

model changes our beliefs about what is possible or not to be considered as enlightening. 
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 In Akerlof’s model, manipulation occurs when the modeler varies pm/pf. 
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 As an example, think of the various continuity assumptions economic models are full of. Or think of the 

assumption that economic agents have a complete set of preferences. Or, finally, think of the assumption of 

infinite population size that evolutionary biologists routinely make in their models. 
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Experiments are of a different nature. If the experiment is correctly conceived, we have some 

confidence that the mechanism that has been isolated should also operate in the real world, 

even though we may still be uncertain about the precise nature of the mechanism. This is 

probably why the inferential norms are more about the validity of the experiment (internal and 

external) rather than about how enlightening is the mechanism isolated.
31

    

 

9. Conclusion 

Economic models are the subject of many criticisms coming from outside the economists’ 

community. Nancy Cartwright’s conception of models as nomological machines leads to a 

sophisticated critique of models in economics that departs from the traditional one about their 

‘unrealistic’ assumptions. Cartwright’ critique is a philosophical one and is not reflected in 

the way economists reflect on their own modeling practices. This paper contends that to 

approach (economic) models as nomological machines makes impossible to understand these 

practices. 

The core of our argument is that what Cartwright takes to be the epistemological ultimate 

purpose of theoretical models – learning about capacities – is obviously not what economists 

are searching for. Building on an inferential and pragmatic approach of modeling, we argue 

that the epistemological value of a model depends on the inferential norms that the relevant 

scientific community has adopted. These inferential norms constrained the set of possible 

claims (the commitments) that the modeler can make from a given model. In any case, what a 

good model is depends of what the modeler and his community consider to be an important 

issue and of the state of the theoretical and empirical knowledge. We give two examples of 

economic models that ostensibly cannot be thought as nomological machines but still succeed 

to providing results deemed interesting or “enlightening” by the economists’ community. 

Basically, a “good” economic model is a model that allows its user to make an inference 

about a possible world that presents a theoretical or an empirical interest. Hence, models are 

very different knowledge producer devices than experiments, because they are not tools of 

isolation and accordingly are not submitted to the same inferential norms. 

Clearly, our approach is essentially relativist since it takes for granted the modeling practices 

of economists and does not try to evaluate them. This is characteristic of the ‘naturalistic turn’ 

in philosophy of science (Hands 2001) according to which philosophers of science must 

account for the actual scientific practices rather than judging them through philosophical 

arguments. It does not mean however that economists’ modeling practices should not be 

discussed critically. But science is a social activity and any general theory of scientific 

modeling must acknowledge the norms and objectives which guide the relevant scientific 

community. 
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