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What Economics Majors and 
Economists Should Know About 
the Supply and Demand Model: 6 
General Equilibrium 

INTRODUCTION 
 
This is the sixth of eight interlinked but largely independent papers in which I 
criticize the way that the supply and demand model is taught to economics 
students.1  
   In this paper I turn to general equilibrium models, the n-market cousins of the 
single market supply and demand model. I believe that majors must learn the 
rudiments of general equilibrium analysis if they are to understand how 
economists model how prices are used to allocate scarce resources in stylized 
economies. I argue that majors should be warned about the dangers of applying 
arguments that are true of general equilibrium models to real world mixed 
economies where those arguments may not hold. I examine nine issues. In 
Section 1 I argue that the standard two-by-two-by-two treatment of general 
equilibrium is likely to leave students with a too Panglossian picture of the 
workings of actual economies. In Section 2 I argue that using a circular flow 
diagram is the best way to expand the three-market model to take factor 
markets into account and recommend using simulation models to teach general 
equilibrium at the intermediate level. In Section 3 I argue that majors need to be 
introduced to the Arrow-Debreu model and why it has failed to be a progressive 
research program. In Section 4 I discuss the problems of aggregating individual 
demand curves and how this relates to the Sonnenschein-Mantel-Debreu 
theorem. In Section 5 I look at the role of mathematics in economic modeling. In 
Section 6 I advocate the use of more mathematics in economic models. In 
Section 7 I discuss the trade-off between rigor and relevance, an important 
component of much of the criticism leveled at contemporary economics. In 
                                            
1 Apart from a few diagrams economists have known most of the material in these papers for at 
least a half-century. But much of this material has still not made its way into the intermediate 
microeconomics texts and courses. 



 3 

Section 8 I review the rise of the use of mathematics in economics and the 
dominance of American economics since World War II. In Section 9 I argue for a 
more efficient division of labor between economists and mathematicians.  
  

1. GENERAL EQUILIBRIUM2  
   
Because partial equilibrium models are relatively simple to construct and are 
reasonably easy to manipulate they are the focus of most undergraduate 
economics courses. However, partial equilibrium models are not the appropriate 
tools to use when many markets are simultaneously affected by a parameter 
change; for example, when analyzing the effect of introducing a revenue neutral 
carbon tax or when analyzing the implications of signing or withdrawing from a 
major trade agreement. 
   Economists habitually think of resource allocation in terms of economic 
systems in which there is a high degree of interconnectivity between economic 
activities. To paraphrase Oskar Morgenstern (133 n.1) an economist is someone 
who really believes that a change in the price of diapers causes a shift in the 
demand for aircraft carriers. This way of thinking about economic activity often 
saves the economist from missing those so-called “unintended effects” that are 
only apparent when secondary and tertiary interactions are carefully spelled 
out.3 However, as we have seen, working out the effects of a parameter change 
in a full-blown general equilibrium model is usually neither possible nor would 
the answer be readily interpretable.   
   Nonetheless, economics majors should receive some exposure to general 
equilibrium analysis, although not to its mathematical niceties. A knowledge, 
even a sophisticated knowledge, of the properties of a partial equilibrium single-
market model, or even three-market models, is not sufficient for majors to fully 
appreciate the many problems that arise when economists build general 
equilibrium models of price systems with inter-connected input and output 
markets. In particular majors should be aware of limitations of the canonical 
Arrow-Debreu model as a guide to economic policy. 
 
 
 

                                            
2 See Baumol (2000, 17-19, and especially note 10) for a characteristically incisive account of 
general equilibrium theorizing since Walras. There are a number of interesting articles in the 
New Palgrave (Durlaf and Blume (2008 2nd Edition)) on various aspects of general equilibrium 
theory; most of them involve relatively sophisticated mathematics. 
3 Nechyba (2010, 550-551) points out that school vouchers might impact housing prices. 
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2 EDGEWORTH BOXES 
 

Most Intermediate Microeconomics texts now include a discussion of general 
equilibrium, but the standard narrative concentrates on a Bator-like (Bator 
(1957)) coverage of the First Welfare Theorem (FWT) using Edgeworth boxes. 
The major problem with the Bator approach to general equilibrium, even though 
it is later qualified by discussions of imperfect markets and market failures, is 
that it is liable to leave the average student with an overwhelmingly Panglossian 
impression of market systems. The siren song of the first-order optimality 
conditions clicking into place, one after the other, seduces the logical minds of 
budding economists, luring them into a mindset that thinks in terms of 
piecemeal policies, such as privatization, that aim to bring an economy closer to 
a supposedly superior free market equilibrium.4 
   A possible antidote is to introduce economics majors to the General Theory of 
the Second Best 5 and its conclusion that removing a violation of an optimality 
condition will not necessarily lead to an overall improvement in welfare unless 
every other optimality condition is simultaneously satisfied; each policy must be 
examined on its own merits.  
   The second major problem with the Edgeworth box approach is that it is 
difficult to link the Edgeworth boxes to a market analysis in terms of supply and 
demand curves. 
 

3 PSEUDO GENERAL EQUILIBRIUM6 
 

In Part 4 we saw that adding a third good or service to the supply and demand 
model made it difficult to obtain an intuitive understanding of the solutions to 
the equations and to determine what restrictions need to be placed on the 
parameters to guarantee a solution in R3

++. That depressing result referred to a 
model that had only rudimentary supply functions that ruled out substitutability 
and/or complementarity in production. A much more substantial omission in the 

                                            
4  The standard treatment of Edgeworth boxes is silent as to how initial endowments are 
determined. 
5 Lipsey and Lancaster (1953), Lipsey (2001, 191) and Lipsey (2007). There is a very nice, student-
friendly, discussion of the Second Best argument in Hands (2004, 280-82).  
6 Arrow (1968) reviews of the early history of general equilibrium with his customary brilliance, 
and provides one of the most lucid accounts of the existence proof. See also Geanakoplos and 
the references in footnote 7.  
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three-good model is the absence of factor markets. 7  The model needs to 
incorporate factor markets in order to take account of the impacts of factor 
prices on output prices, and vice versa. Rectifying either or both of these 
omissions greatly increases the complexity of the three-good model while 
lowering the possibility that anything specific can be said about how it reacts to 
policy changes. Even if factor markets for labor and capital are incorporated into 
our toy model it will still remain a partial equilibrium model; it assumes that the 
three goods markets can be walled off from the rest of the economy, and none 
of the three goods is significantly substitutable for, or complementary to, any 
other good or service in the rest of the economy. (Of course, the model would 
now be a five-market model.)    
   In this section I explore the possibility of adding factor markets to the three-
market model; this is a daunting pedagogic task. I will refer to my approach to 
the problem as pseudo general equilibrium analysis and will refer to my 
“model” as the augmented three-good model. My augmented three-good 
model is obviously not a general equilibrium model in the standard usage of 
that term, because, among other things, it is not based on household and firm 
extremization subject to constraints, and, crucially, it is simply a set of expository 
equations not really a properly closed mathematical system.8 However, I believe 
it provides some intuition into how a general equilibrium model works at the 
supply and demand level.9 It is very important for economics majors to learn that 
there are interactions between the goods and factor markets, and that these 
interactions make it impossible to divorce issues of resource allocation from 
those of income distribution.  
   The best way to proceed is to use a circular flow diagram of the type that 
students will have encountered in their principles classes, although somewhat 
expanded (see Figure 1, which can be used as a Power Point, or as a handout). 
 

[Figure 1 goes about here.] 
 

This diagram, with more than a little hand waving, provides a Pooh-Bah10 basis 
for showing how the output and input markets interact. The following algebra 

                                            
7 If we wish to use calculus we have to assume that all of our variables and parameters can be 
represented by real numbers. This assumption is relatively innocuous when dealing with goods 
and services, but is much more problematic in the case of capital, which is often intrinsically 
indivisible. Of course, there are serious problems even with the usual assumptions that there are 
well-defined aggregates called labor and capital. 
8 See Boland (2017, 6). 
9 An analogy would be writing a program in C rather than in an assembly language.   
10 See Sleeman 2017a sec 1. 
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should be used simply to set out the economic structures underpinning the 
diagram.  
   Three goods X1, X2, and X3, are sold in perfectly competitive markets so that 
producers and consumers are price takers. 
   There are three output market affine demand functions: 
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where the market demands are simple horizontal summations of the demands of  
the two consumers (or groups of consumers), A and B. The A’s and B’s maximize 
different utility functions subject to different income constraints. Notice that the 
market demand curves depend on all three product prices and the incomes of A 
and B.  
   There are three profit-maximizing industries/firms, F1, F2, and F3, each of 
which is the sole producer of the correspondingly numbered good. There are 
three affine supply functions, each of which depend on all three product prices 
and the costs of the inputs: 
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   The firms use labor (L) and capital (K) to produce their goods using different 
linear production functions:  
 

 (82)      q
1
s  = h

1
(L,K) = l

1
L + k

1
K  

 

 (83)      q
2
s  = h

2
(L,K) = l

2
L + k

2
K  

 

 (84)      q
3
s  = h

3
(L,K) = l

3
L + k

3
K  

 

where li and ki can be thought of as marginal products. 
   The firms hire profit-maximizing amounts of L and K from the A’s and B’s, and 
the A’s and B’s determine how much L and K to supply as part of their utility 
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maximization process. The incomes of the A’s and B’s are determined by their 
initial endowments of L and K and the two factor prices. Household incomes are 
given by: 
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   The demands for capital and labor are the sums of the demands of the three 
industries: 
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   The supplies of labor and capital are the sums of the supplies by the two 
households: 
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    There are three output market equilibrium conditions: 
 

 (91)      Q
1
s  = Q

1
d  

 

 (92)      Q
2
s  = Q

2
d  

 

 (93)      Q
3
s  = Q

3
d

 
 

   Equilibrium in the factor markets requires: 
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   We have five equilibrium conditions to solve for the five equilibrium prices. Of 
course, even if the augmented model were a legitimate mathematical model the 
equality of prices and excess demand equations would not guarantee the 
existence of an equilibrium. 
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   The augmented model has at least 42 parameters and 9 variables and so the 
number of possible QCS exercises would be substantial (see equation (66)). 
   However, despite its incomplete mathematical formulation and its limited 
scope the augmented model, at least in its flow diagram form (Figure 31) can be 
used to illustrate simple general equilibrium exercises.11 
   Consider, for example, the standard single-good treatment of protection, 
which uses the standard single-good supply and demand diagram. Here I 
assume that the single-market is the market for steel. The analysis starts with 
autarky, moves to free trade, and ends up imposing a tariff. At each stage of the 
analysis consumer and producer surpluses are discussed, imports are calculated, 
government tariff revenues determined, and finally deadweight loss triangles are 
used to show that the tariff is inefficient. Attention may be given to the fact that 
the tariff is a regressive form of taxation, but the narrative usually ignores the 
fact that removal of the tariff cannot be a Pareto improvement.  
   Current debates about protection, seemingly current economic debates about 
almost any economic policy issue, are focused on employment.12 The single-
good diagram does not allow all of the employment effects to be determined. 
As far as the steel industry (X1) is concerned adding an aggregate production 
function turned on its side (with a horizontal line to represent maximum/full 
employment) to the supply and demand diagram easily rectifies this. However, a 
discussion of protection requires at least four goods, the steel industry and three 
                                            
11 There is no government sector, and so there is no allowance for taxation of incomes or sales 
and no production of public goods, and no foreign trade sector. 
12 Economists sometimes assume full employment for analytical convenience, thus making the 
implicit value judgment that unemployment during adjustment processes is unimportant. 
Economics majors should be reminded that very few economists, and even fewer politicians, 
have experienced the fear of unemployment or have undergone a bout of unemployment, and 
clearly they are not permanently unemployed. (Failure to obtain tenure usually means finding 
another higher paying job.) Non-economists fear unemployment and often support policies that 
economists regard as inefficient, for example, protection, because ordinary workers think in 
terms of: “There but for the grace of God, go I”, although probably ignorant of the costs they 
bear when supporting such policies. Unemployment not only involves a loss of purchasing power 
for the person unemployed and for those persons dependent on her, but it also involves a loss 
of status and self-esteem; compensation should therefore take psychic costs into account, while 
deducting the value of increased leisure, see Winkelmann and Winkelmann (1998). The literature 
on “self-reported, subjective, measures of well-being”, what we might technically refer to as 
Happiness, suggests that unemployment is a potent destroyer of wellbeing. In 2002, when 
average earnings in the United Kingdom were about £2,000 ($3,000) per month Clark and 
Oswald (1994) estimated that a worker would need to be paid about £15,000 ($22,500) per 
month to maintain their level of Happiness after losing their job. See also Ohtake (2012) and 
Algan et al. (2014).  
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other industries, and so even the three-good augmented model needs further 
augmentation. The standard analysis ignores the employment effects on the 
other industries. In the case of steel, industries such as the automobile industry 
(which we will lump together as a single industry, X2), which use steel as an input 
will face lower input prices if steel is imported at world prices, and higher input 
prices if a tariff is imposed. This means that employment in these industries will 
increase under free trade in steel and decrease if a tariff is imposed on imported 
steel. Again the employment effects can be handled using a production 
function. (Figure 31 does not allow output from industry i to be an input into 
industry j but we can mimic the effect we want by assuming that steel is a 
complement for automobiles, etc., but complementarity only runs in the one 
direction.)  
   There are also employment effects in the industries that actually do the 
importing: Ports, railways, the trucking industries and those businesses that 
process and document the steel imports (X3). Finally, a tariff is likely to lead to 
retaliation against US exports, with corresponding employment impacts on 
those industries subject to retaliation, which requires adding yet another good 
to the augmented model (X4). The employment effect of protection, which 
receives so much popular attention, is actually ambiguous: The employment 
effect is favorable for the steel industry, but unfavorable in the other three 
sectors and we cannot determine the net impact of the tariff on employment 
without quantitative information on all four effects. The situation is further 
complicated by the need to trade-off the changes in overall employment with 
the impacts of the higher prices of steel on consumers; tariffs are regressive 
taxes. The standard diagram shows changes in consumer surpluses in the steel 
industry but they presumably refer to the impacts on those industries that use 
steel as an input, not the impact on households who do not purchase steel 
directly.  
   Although I think that Figure 31 is a useful way to introduce students to the 
complexities of general equilibrium systems a superior approach would be to 
use simulation models, similar to the ingenious numerical simulation developed 
by Nicholson and Westhoff, which allows for sales taxes and the provision of a 
public good. However, when doing the QCS exercises with any numerical 
model, only the direction, not the magnitudes, of the changes in the dependent 
variables should be stressed. The Snyder and Nicholson text has a number of 
nice examples of how to do QCS policy exercises using the Nicholson and 
Westhoff model. (At the time of writing, (7/20/17) the model is not accessible via 
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the Internet links given in the original paper and the textbook.)13 (Another tack 
would be to discuss Computable General equilibrium (CGE) models, so long as 
that discussion reviews the problems of calibrating CGE models.)14 
 

3. ARROW-DEBREU MODELS15 
 

If the single-good supply and demand model is the quintessential partial 
equilibrium model, then the Arrow-Debreu (AD) model is the quintessential 
general equilibrium model.16 When economists think about economic theory, 
which is seldom, they think in terms of the AD model.  
   The AD model was designed to show that it was possible to construct an 
economic model that mimicked the so-called invisible hand doctrine (IHD), the 
belief that a set of perfectly competitive markets, driven by self-interested 
agents, will lead to an optimal allocation of resources in the absence of market 
failures.17 This is the doctrine invoked every day by those who claim that markets 

                                            
13 Nicholson and Westhoff (2009) use Merrill’s (Merrill (1971) algorithm for computing fixed 
points in their simulation model.  
   A very early analog simulation of a simple supply and demand model can be found in Fisher 
(1892). See Brainard and Scarf (2005), Dimard and Ben-El-Mechaiekh (2012), and Taylor (2012b).  
14 Useful references for CGE models are Wing (2004) and Cardente et al. (2012). Mitra-Kahn 
(2008) provides a critique of CGE models. See also Boland (2017, 145). 
15 I follow the usual convention of using the term AD model to stand for the many different 
general equilibrium models developed over the last sixty years, see Zame (2008). There is an 
excellent verbal discussion of the intricacies of the AD model in Athreya (2013). There is a more 
critical evaluation of the model in Smolin. Düppe and Weintraub’s (2014) book provides a 
historical-biographical account of the AD model, and argues that it would be more correct to 
include McKenzie (1954) as a progenitor. The first nineteen chapters of Nicola (2000) cover the 
historical development of general equilibrium theory with helpful mathematical appendixes. 
Although Quirk and Saposnik (1968) is almost fifty years old, it still provides the simplest 
mathematical treatment of general equilibrium analysis suitable for able undergraduate 
economics majors. See also footnotes 72 and 89. 
16 In the AD model the number of goods and services, n, is not simply very large, it is strictly 
(countably) infinite; there exists a market for any good or service, at any point in time, under any 
conceivable set of circumstances.  
17 Of course, the IHD is usually associated with Smith, but what Smith actually wrote was that 
every individual, “by pursuing his own interest ... frequently promotes that of the society more 
effectually than when he really intends to promote it.” But frequently is not always. Gramp 
(2000), Blaug (2002), and Kennedy (2009, 2017) provide convincing arguments that Smith’s 
invisible hand phrase does not correspond to most contemporary economists’ idea of a self-
regulating economy driven to achieve a welfare-maximizing equilibrium through the actions of 
self-interested economic actors. I agree with Kennedy (2017) who argues (footnotes 21-23) that 
the IHD is a post-World War II phenomenon, popularized by Samuelson’s (1948) immensely 
successful principles text. Kennedy (2009, 250) writes of the post World War II rise of the IHD: 
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are the solution to every microeconomic problem. Arrow and Debreu succeeded 
in proving that a pure price system will possess an equilibrium, and that the 
equilibrium is Pareto optimal (the FWT), but the proof required heroically 
unrealistic economic assumptions. 18  Arrow and Debreu (and subsequent 
researchers) were not able to prove that the model’s equilibrium would be 
unique or that it would be stable. The model is therefore of very little practical 
use because when investigating a parameter shift we do not know from which 
equilibrium we are starting, to which equilibrium we are moving, or if we will 
ever get there. Further, as we have already noted, in an n commodity world 
QCS exercises are totally without intuitive content.  
   Students should also be aware that although the AD program has engaged 
some of the best minds in economics over the last seventy years it is widely 
regarded as a degenerate research program in the Lakatosian sense (Lakatos 
1980).19 They should wonder why the AD program has born so little fruit after so 

                                                                                                                                  
“Among the first to do so was Paul Samuelson (see also: Lange 1946), who wrote in the first 
edition (1948) of his famous and influential textbook, Economics, that Adam Smith, ‘the canny 
Scot’: was so thrilled by the recognition of an order in the economic system that he proclaimed 
the mystical principle of “the invisible hand: that each individual in pursuing only his own selfish 
good was led, as if by an invisible hand, to achieve the best good of all, so that any interference 
with free competition by government was almost certain to be injurious. This unguarded 
conclusion has done almost as much harm as good in the past century and a half, especially 
since too often it is all that some of our leading citizens remember, 30 years later, of their 
college course in economics (Samuelson 1948, 36).” Samuelson’s last admonitory sentence has 
largely been ignored.  
   Smith’s Moral Sentiments (Smith 1759) placed greater stress on empathy than self interest as 
the factor motivating our interactions with other humans beings: “How selfish soever man may 
be supposed, there are evidently some principles in his nature, which interest him in the fortune 
of others, and render their happiness necessary to him, though he derives nothing from it except 
the pleasure of seeing it. Of this kind is pity or compassion, the emotion which we feel for the 
misery of others, when we either see it, or are made to conceive it in a very lively manner. That 
we often derive sorrow from the sorrow of others, is a matter of fact too obvious to require any 
instances to prove it; for this sentiment, like all the other original passions of human nature, is by 
no means confined to the virtuous and humane, though they perhaps may feel it with the most 
exquisite sensibility. The greatest ruffian, the most hardened violator of the laws of society, is not 
altogether without it.” (chap. 1, sec. 1.1.) 
18 However, an existence proof does not guarantee that there exists a procedure for actually 
finding an equilibrium solution. This task was undertaken by Scarf (1967). Scarf (1983) and (1987) 
provide less technical accounts of his research. See also Merrill (1971). Mitra-Kahn (2008) 
discusses the early algorithmic literature. Fisher (1983, 14-15) argues that the computational 
algorithms cannot determine the correct equilibria if disequilibrium trades are allowed because 
the model solutions become path dependent, see his figure 15. 
19 See Blaug (1997, 3-4) for a particularly lively attack on this program. Kirman (1989) has a fine 
academic critique of the AD model. Ackerman (2002) provides a measured review of the 
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much effort has been devoted to cultivating it.20 The basic problem is that the 
AD program set itself the task of describing an existing working economy, which 
begs the question: How did that economy come into existence in the first place? 
Libertarian and Austrian school economists are fond of quoting Fredéric Bastiat’s 
question: “Who Feeds Paris?”21 An arresting question if it refers to the Parisian 
economy ab initio. But, a moment’s reflection will suggest that Paris had been in 
existence for at least two millennia before Bastiat wrote his pamphlet; the 
Parisian economic system did not just burst overnight fully formed from Zeus’ 
brow.  
   The real question economists need to answer is this: How did the great 
institutional structure that bears the weight of feeding Parisians evolve? 
Although economists stress the efficacy of markets in bringing buyers and sellers 
together to coordinate the allocation of the abundance of goods and services 
on offer, they do not address how those buyers and sellers are brought together 
through an institutional setting that bears little resemblance to the complete22 
set of perfectly competitive markets assumed by the AD model.  
   The AD model has no institutional structure and no history; it exists in a 
vacuum, coming into being like the quantum fluctuation that is hypothesized to 
have generated our universe in the so-called Big Bang.23 The AD model has no 
time dimension, it simply exists; it has come from nothing and it will go 
nowhere; there is no need for consumers to adjust to new circumstances, to 
learn from the outcomes of their past actions, or to form expectations about the 
future. Firms never have to engage in R&D to improve existing products and 
entrepreneurs do not need to hazard their fortunes by introducing new ones.24 
Consumers do a single maximization exercise, which binds them for eternity. 

                                                                                                                                  
literature on the problems of general equilibrium theory. Clower (1994) provides both a critique 
of the AD model and also suggestions for developing an alternative paradigm. See also the 
references in footnote 6.   
20  Clower (1995) argues convincingly that Debreu’s Theory of Value (1959) led economic 
theorists down a dead end from which they have yet to escape.  
21  Gordon (2010) points out that humans have been similarly puzzled by the remarkable 
organization of ant colonies without taking into account the fact that ant behavior has evolved 
over millions of years. See also Kirman (2011b). 
22 Complete in the technical sense that there exists a market for every conceivable good or 
service under any conceivable set of circumstances. 
23 The sadly neglected Lipsey et al. (2005) provides a framework to model how economies 
respond to technological change and evolve over time. The first section of their book contains 
an interesting exploration of major technological innovations. 
24 Baumol (2002) has argued that competitively driven (oligopolistic) innovation is the “growth 
miracle of capitalism”. 
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   History is contingent and once decisions are made whole sets of paths not 
taken are closed off to us.25 Hence, economies are path dependent, and some 
of that dependence is the result of chance. 26  The implications of path 
dependence is an area that complexity economics has begun to explore, but the 
researchers in this area seem to be interested in problems that are similar to the 
AD program rather than the sorts of problems – for example, the effects of 
minimum wage laws or protection – that interest most microeconomists.27 
   Another factor that may have contributed to the lack of success of the AD 
program is its failure to model the hierarchical way in which households make 
decisions. In the AD model households make a single decision that maximizes 
over all time periods.28 In reality households’ decisions are highly structured; 
having made decisions about our investment in human capital,29 we choose an 
occupation, which in turn determines where we live, the type of accommodation 
that we will inhabit and its furnishings. Later we “decide” on the number of 
children that we will “buy”. At some point we determine how much to save and 
which assets to acquire. These are decisions that we treat largely separately from 
one another and are spread over time. They in turn are only loosely related to 
decisions about whether we should eat out or in, how much we will spend on 
entertainment, and where to go on vacation. At the lowest level we make day-
to-day decisions about what groceries to buy to maximize our preferences 
subject to our budget constraints, making only minor adjustments to our 
shopping lists if we discover that the set of relative prices we face has changed 
since our last visit to the grocery store, for example if an item is on sale, or if a 
new item catches our eye.30 Indeed, in most cases consumers habitually shop 

                                            
25 See footnote 92. 
26  Beinhocker (2007) provides a number of interesting “accidents frozen into history”. For 
example, the events that led to the long dominance of Microsoft’s Windows operating systems 
that were based on the old 86-DOS system. 
27  Colander (2015) denies this but does not provide examples of complex economics can be 
used to tackle the standard policy issues that concern most microeconomists. The essays in 
Colander (2000) do not seem to me to contain anything that would illuminate the sort of policy 
debates that interest most economists and enliven undergraduate courses in microeconomics. 
28 “Time” in the AD model bears a strong resemblance to the concept of time that is held by 
some theoretical physicists, that is, time is an illusion; in reality everything occurs simultaneously, 
see Frank (2011). 
29 Or having had them made by the economic circumstances of our parents. 
30 Economics courses seem oblivious of the existence of grocery and box stores and show little 
interest in retailing, although in real developed economies these intermediaries carry out most 
of the functions attributed to markets in economic theory and are a major factor in minimizing 
transaction costs (but see Thomassen et al. (2017)) Retailers and wholesalers usually adjust 
inventories rather than prices in the face of demand fluctuations. Consumers face given prices; 
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and dine at the same small number of establishments that they have selected 
either by searching in person or online, or by relying on the recommendations of 
parents, siblings and friends.31 We are tribal animals and often rely on tribal 
wisdom when making decisions, although it does not bind us.32  None of this 
denies the salience of preferences and budget constraints to households, 
although these constraints are more complicated than simply how much we earn 
per year (see Sections 8.4 and 8.6). 
   One of the reasons that it is inappropriate to model economies ab initio is that 
they exhibit strong hysteresis; there is great inertia in every day life; we do not 
want to bother to re-compute every economic decision that we have ever made 
every time that we learn that there is a sale on men’s size eleven gray cotton 
knee-high socks in Peoria next Saturday, although economic theory tells us that 
every decision to purchase a good or service depends on the price of every 
other commodity. Humans have limited amounts of time, limited access to 
information, limited computing power, and we have other concerns in life, often 
more important concerns, than economic ones. Economies are therefore not in a 
state of continual flux. Although there can be massive dislocations and 
coordination failures these are relatively rare and for the most part we can 
assume that tomorrow’s economy will be very much like today’s. 
   Because of the limitations on our time and knowledge and the complexity of 
“rational” maximization, many of our decisions are made using simple rules of 
thumb (see Baumol and Quandt (1964)) and economic decision making is 
probably better described by Simon’s (1978) satisficing approach to decision 
making rather than full-blown maximization. Further, the “rationality” of many of 
the decision procedures assumed in the AD model has been challenged by the 
extensive literature on Behavioral Economics. 33  However, none of these 

                                                                                                                                  
the number of bananas they buy can then be read from their demand curves. (Or they bargain 
with car salesmen and decide to purchase or not to purchase a car.) The retailers in turn 
purchase larger or smaller quantities from their wholesalers who in turn alter their inventories. 
The wholesalers may then change their orders from the producers. This system helps to buffer 
markets from random shocks and to allow producers to distinguish between temporary changes 
in demand, which do not require price changes, and permanent ones, which do. This is one of 
the reasons that list prices change so infrequently despite frequent changes in demands and 
supplies that would cause prices to change frequently in theoretical markets. 
31 This is particularly true when purchasing services, for example, the services of doctors, dentists, 
lawyers, plumbers, electricians, builders, car mechanics, Pilates instructors, etc. 
32 The Internet has made immense amounts of information available to us, while also creating 
whole new types of markets. 
33 See Thaler (2016) for an excellent survey with an extensive bibliography. Berg and Gigerenzer 
(2010) provide a highly critical review of behavioral economics. Here is a useful link to the 
literature critiquing behavioral and some experimental economics research: 
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approaches have succeeded in providing economists with a new decision 
making paradigm from which we could develop an alternative to the supply and 
demand model. 
   Perhaps the AD project was, and is, too ambitious and too premature. 
Economists are notoriously aware of the success of physics, but we tend to 
forget that there were centuries between Galileo’s researches into mechanics, 
Newton’s gravitational theory, and Einstein’s theory of relativity. Quantum 
mechanics is over a century old. And all of this research was necessary before 
modern particle physicists could attempt to formulate grand unified theories. 
Economists should remember Keynes’ humble dentist and try to avoid hubris.  
   The AD model admits interactions between consumers and producers only via 
the mediation of prices. But most of us do not simply look at the relative prices 
of the two cars when choosing between buying a used car from our fabled 85-
year old maiden aunt (who has used her car only to drive to church each Sunday 
morning – accelerating out of the driveway on two wheels and zooming down 
the freeway at 100 miles an hour) and buying a similar car from one of the 
numerous online used car sellers. 
   Economics needs extensive empirical work to establish a taxonomy of market 
types along the lines of Elinor Ostrom’s (1990) work on property rights 
systems.34 Kirmans’ (2011)35 analysis of fish markets is an interesting attempt to 
see how real markets are organized (See also Kirman and Vignes (1991 and 

                                                                                                                                  
https://jasoncollins.org/2017/06/29/a-critical-behavioural-economics-and-behavioural-science-
reading-list/.  
   It is important to distinguish between two basic types of decisions: (1) The many simple 
decisions that we make effectively under certainty – “shall I buy this cauliflower or that one?” 
and (2) inter-temporal decisions, decisions that involve risk, or more likely, uncertainty – “shall I 
buy $1,000 of this stock or $1,000 of that one?” The decision-making anomalies that were first 
popularized by Tversky and Kahneman (1974) tend to be of the second type. See Manski (2013, 
110) for a critique of Tversky and Kahneman’s research. Human intuition works very poorly where 
probabilities are concerned, as anyone who has had the misfortune to teach statistics to 
undergraduates will be aware. Our limitations seem to stem from the fact that there are few 
situations in our lives, except for playing games of chance, in which we can observe whether the 
successful outcome of a decision made under risk is the result of good judgment or luck, even 
fewer decisions that involve decision-making under uncertainty.  
   Poundstone (2010) has many interesting examples of how sellers exploit our cognitive biases 
when pricing goods.  
   Hoff and Stiglitz (2015) present an interesting model that differs both from rational choice 
theory and behavioral economics.  
34  Ostrom’s research was strongly influenced by the American ethnologist Robert Netting. 
Kirman (2011) has described himself as an economic etymologist. 
35 See McMillan’s (2002) fascinating accounts of real world markets. 
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Kirman and Vriend (2000). Such detailed empirical work is likely to raise 
questions that require clever mathematical modeling – resulting in mutually 
beneficial interactions between empiricists and theoreticians and massive scope 
for publishing and academic advancement. 
   The QCS equations for even the three-good model are difficult to interpret. 
General equilibrium models are therefore far from informative. Niehans (1990, 
219) writes: “The main limitation of Walras’s system is that, ostensibly 
constructed to exhibit the interdependence of economic phenomena, it has little 
to say on the effect of a change in a specific exogenous variable on a specific 
endogenous variable. Almost anything seems possible. Paradoxically, partial 
equilibrium analysis often has more to say about economic interdependence 
than Walrasian general equilibrium theory of the Walrasian type. In the twentieth 
century most of the valuable insights into comparative statics have been derived 
from general equilibrium models reduced to manageable number of significant 
markets.”36 
   The most important lesson that majors must learn from their study AD model 
is that they must not confuse the AD model with any real market system; there is 
no reason to believe that theorems proved for the AD model can tell us 
anything about the properties of the United States economy or of any other real 
economy. This lack of equivalence is particularly true of the welfare implications 
of the supply and demand model, which are the subject of Part 8.  
 

4. AGGREGATION AND THE SMD THEOREM37 
 

The extensive coverage of the theory of consumer behavior in intermediate 
microeconomics courses38 should have demonstrated to majors that economists 

                                            
36  Samuelson’s forays into general equilibrium such as the Stolper-Samuelson and factor 
equalization theorems are good examples of this more fruitful approach to general 
interdependence. (Johnson 1971b is a classic account of general equilibrium, especially trade, 
geometry.) 
37 Mas-Collel et al. (1995, 4D). Fisher (1998) provides a brief but wider ranging survey of 
aggregation. Hildenbrand (2008) reviews the major aggregation issues in demand theory. On 
the supply side Felipe and Fisher (2003) demolish the idea that it is possible to aggregate 
production functions. Saari (1995) argues cogently that the fundamental problem that makes 
economics, and the social sciences in general, so difficult to model, is the aggregation of 
preferences and, one would add, of commodities and inputs too. 
38 Mishan (1961, 1) in a characteristically iconoclastic mood urged economists to take “the 
obviously indispensable “Law of Demand” on trust”. Mishan (1961, n. 2) cites Cassel as a 
progenitor. In practice most accounts of supply and demand treat, appropriately sloped, 
demand and supply curves as primitives. 
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are unable to prove that individual demand curves are always negatively sloped, 
at least for “low” price ranges – the irritating Giffen good case.39 However, no 
one is interested in Jane Doe’s demand curve and so almost all of the standard 
supply and demand narratives actually involve discussions of market supply and 
demand curves.40   
   Figure 2 shows the conventional way to aggregate individual demand curves. 
The market demand curve in the third panel is obtained by horizontally summing 
the individual demand curves, d1 and d2. The figure obscures some important 
points.  
 

[Figure 2 goes about here.] 
  
   For example, the market demand curve is drawn as a smooth straight line. 
Unless all consumers have identical preferences and identical budget constraints 
the horizontal summation of affine individual demand curves will lead to a 
market demand curve that is made up of straight-line segments and will be 
convex to the origin as in Figure 3. In practice there will be many “kinks” in the 
 

[Figure 3 goes about here.] 
 

market demand curve, one for each consumer who drops out of the market once 
her choke point price has been exceeded; where the choke points depend on 
the consumers’ ability to pay (ATP) and her preferences. 
   However, even Figure 3 obscures what happens when prices change at the 
market level. Say we start with the price at zero. Then there is a maximum 
quantity that would be consumed and that quantity includes everyone who 
gains satisfaction from consuming the good or service even those with no 
income; for example, a drink from a public water fountain. As the price increases 
we move up the market demand curve in Figure 3; at higher prices some 
consumers will buy less, moving up their individual demand curves, switching 
their purchasing power to goods and services that they value more highly. It 

                                            
39 There is an extensive literature on the Giffen good case as can be seen by typing Giffen good 
into Google Scholar. Stigler (1947) is a classic treatment; see also Dooley (1992) and Taylor 
(2012). Lipsey and Rosenbluth (1971) is an interesting examination of the theoretical 
underpinnings of the Giffen good concept and an attack on the arguments that claim that Giffen 
goods are unlikely to exist. I think that at the intermediate level footnote 68 suffices. See also 
footnote 76. 
40 I will concentrate on the demand side of the market, accepting the usual assumption that all 
the firms are identical and so the market supply curve (at least in the so called “short-run”) is 
simply the individual firms’ supply curve scaled up horizontally n times. 
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would be reasonable for students to believe that the reduction in the market 
quantity demanded is simply an across the board reduction in each consumer’s 
quantity demanded. But if consumers differ in their tastes or ATP, then we need 
to consider three possibilities (or some combination of the three possibilities). 
First, there is the possibility that some consumers who can afford to pay the 
higher price simply drop out of the market because the new higher price is 
above their choke point. Second, there is the possibility that some consumers 
who still wish to consume the good are forced out of the market because they 
no longer have the requisite ATP to consummate the purchase (see Part 7). 
Finally, although the consumer has the ATP to continue to consume at the 
higher price the purchase may have too large an impact on her other purchases 
to preclude continuing to buy the good. In Figure 3 the market demand curve 
collapses to consumer A’s demand curve (dA) when the price exceeds P2, 
consumer B’s choke point. Figure 3 does not tell us which of the possibilities 
caused consumer B to exit the market. 
   Now consider an increase in income when the good is normal for both 
consumers. If we use Figure 2 there will be a uniform outward shift of the market 
demand curve D. But if we use Figure 4 then we must ask how did the increase 
in income cause the increase in demand. Was there a uniform increase in 
incomes? Figure 4(a). Did A’s income increase more than the B’s income? Figure 
4(b). Did A’s income increase but with no increase in the B’s income? Figure 4(c).    
 

[Figure 4 goes about here.] 
 

The increased price that results from the increase in A’s income has reduced B’s 
consumption of the good almost to zero. 
   Economists have known since the work of Sonnenschein (1972,1973), Mantel, 
and Debreu (1974) (collectively referred to as SMD) that market demand curves 
bear little relation to the well-behaved individual demand curves derived in the 
one good case at the intermediate level – only continuity, zero degree 
homogeneity, and the satisfaction of the budget constraint carry over to the 
aggregate case.41  
   The demand curve for a single consumer will be negatively sloped (except for 
“low” prices in the Giffen good case) because the substitution effect will 
normally outweigh the income effect. But, simplistically, when there are many 

                                            
41 Gorman (1953) was probably the first economist to realize that a market demand curve 
required a set of consumers with identical preferences generating parallel Engel curves. But 
since Engel curves must pass through the origin this means that there is really only one 
consumer; the theory of market consumer behavior is a representative agent model. 
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consumers those income effects cause problems and the market demand curve 
can take any shape.42 Figure 5 shows what might happen if consumer A regards 
the good as normal, but consumers B and C regard the good as a Giffen good. 
As supply contracts from S to S1, the price rises as we would expect, but the 
quantity bought and sold increases because of the Giffen good effects on B and 
C. However, the further contraction of supply from S1 to S2 raises the  
 

[Figure 5 goes about here.] 
 

price above the point at which the B’s and C’s have to cut back their purchases 
because of their low ATPs; the market demand curve has its usual negative 
slope. 
   The SMD result proves bizarre market demand curves can exist even if every 
individual demand curve is well behaved because in an n-good system there will 
be multiple effects on consumers’ incomes as product and factor prices change, 
which will cause some buyers to leave the market and shifts in the remaining 
consumers’ demand curves in response to “other price” effects. Economic 
theory cannot bar monsters such as the market demand curve shown in Figure 
6. 43  (Notice that there are three stable Walrasian equilibria and the usual 
Marshallian pattern of two stable equilibria bracketing an unstable one.) 
 

[Figure 6 goes about here.] 
 

   Economics majors should be aware of the SMD problem even if most Ph.D. 
programs seem to dismiss it as a mere lacunae.44 Economists seem to be willing 
to mention the devastating implications of the SMD research but then rapidly 
forget what they have just acknowledged.45 
 
 

                                            
42 Increasing returns to scale can also cause to the excess demand function to behave badly. 
43 The theorem proves that monsters such as the market demand curve shown in Figure 35 can 
exist, not that they do exist. 
44  The canonical text by Mas-Colell et al. (1995) has been used to train a generation of 
economists. Part 4 of their text (511-786) is devoted to general equilibrium. The SMD result is 
discussed in pages (598-606 and 761). Nicola (2000, sec. 16.10 (210-212)) discusses SMD’s 
research. Kreps (2013) devotes a page to the SMD theorem. I was not able to find a reference to 
the SMD result in Riley (2012). Jehle and Reny (2011, 204-209) discuss aggregate excess 
demand but do not mention SMD. Rizvi (2006) provides an excellent survey of the SMD 
literature.  
45 At the end of Part 1 I observed that an economic system that is always in equilibrium is a 
barter system. It is difficult to find a role for money in AD models, see Gale (2008).  
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5. MARSHALL’S SHADOW 
 

During the nineteenth century, and well into the 1940s, English46 economists 
dominated Anglo-Saxon economics and the Anglo-Saxons seldom bothered to 
read the Continental literature, meanwhile European economists were largely 
sequestered in law Schools. Economics operated under the shadow of Alfred 
Marshall.  Johnson (1971a, 5) argues that Hicks and Allen were instrumental in 
introducing Anglo-Saxon economists to the work of Walras and Pareto and the 
power of mathematics to analyze economic problems. Hicks’ Value and Capital 
was the last of the great verbal economics treatises; like Marshall, Hicks 
banished his mathematics to appendixes, which are likely to be the only parts of 
the book to be consulted by a modern economist. On the other side of the 
Atlantic Samuelson’s stream of major papers starting in 1933 and culminating in 
the publication of the Foundations in 1947 was influential in convincing 
economists that economic analysis should be formulated in terms of 
mathematical models. 
   It is notoriously difficult to get old dogs to learn new tricks and equally well 
known that the young dogs will latch on to anything that provides them with a 
comparative advantage.47  English economics lost headway against American 
economics in the three decades after the World War II because the English 
economists were slow to adopt mathematics, especially the new mathematics 
associated with the “Debreuan Conquest”.48 
   Smith held a chair in moral philosophy, and the Classical economists were 
Political Economists. Mill and Marshall were laudably anxious that their work be 

                                            
46 “English” in this context means anyone in the United Kingdom and “Anglo-Saxon” means 
anyone writing in English. 
47 See pages 4-5 of Johnson’s (1971a) acerbic account of revolutions in academic economics. 
48 Part of the problem was the very specialized English high school education system. When I 
entered the LSE in 1957 I had spent the previous two years studying only three subjects: English 
and European history between 1798 and 1914, the physical geography of England and the 
geography of Africa south of the Sahara, and English literature between 1780 and 1820. The 
only mathematics courses offered at the LSE at that time were in the Statistics department and 
they began with real analysis since students studying mathematics at an English high school 
would have completed the equivalent of two years of mathematics at most American universities. 
   Lipsey introduced a set of ten evening lectures on mathematics for economists to help those 
students majoring in economics acquire the rudiments of the mathematics necessary for a 
serious study of economics. Those lectures ultimately metamorphosed into the very successful   
Archibald and Lipsey (1967) text, which replaced R.G. D. Allen’s 1938 text (also based on 
lectures at the LSE) at least outside of the United States. The LSE currently offers a set of 
mathematics courses, which can take students from the rudiments of algebra through graduate 
level mathematical economics courses. 
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accessible to as wide an audience as possible, and many of the English school 
were more familiar with Classical Greek than elementary calculus.49 Although 
Jevons and Marshall were willing to use mathematics in their research, many of 
their academic colleagues were content to use purely verbal reasoning, perhaps 
supplemented by a diagram or two, in their research and teaching, carefully 
cordoning off the diagrams to footnotes as Marshall had done.50  
   I argued in the introduction to Part 7 that economics is an important subject, 
more important than physics. Economists clearly have a duty to explain what 
they do to non-economists, especially journalists and policy makers. But that 
does not mean that when we do economics we have to do it at a level that 
would be comprehensible by non-economists. Nor does it mean that we have to 
teach our majors at that level. Anyone who is familiar with the popular science 
literature will be aware that there are many books and articles, sometimes 
written by the scientists who did the research, that attempt to explain recent 
developments in physics, astrophysics, neuroscience, and even mathematics to 
intelligent laypeople. Although these books and articles limit the use of 
mathematical symbolism and equations in the text (relegating them to 
appendixes and end notes), the books and articles frequently use diagrams to 
explain their arcane concepts. Strangely, although diagrams have been the 
staple of economics teaching for a century and a quarter,51 popularizations of 
economics seem to avoid the use of diagrams.52 I believe that the judicious use 
of diagrams, say in the form of inset “boxes”, can make the ideas underlying an 
issue like protection more readily comprehensible to non-economists. 
   Mathematicians won the battle for the soul of economics. However, 
economists and non-economists can still squabble over what is the appropriate 
degree of rigor that needs to be employed when formalizing economic models. 
In practice there is no “one size fits all”; what would be considered an 

                                            
49 Edgeworth and Keynes were equally at home in both languages. Jevons and Keynes both 
complained about the difficulty of understanding Edgeworth’s Mathematical Psychics, Keynes 
claiming that it was sometimes difficult to determine whether a set of Greek symbols were a 
piece of mathematics or a classical quotation. 
50 Keynes (1924, 354-356) has an interesting discussion of Marshall’s style, which set the tone for 
English economics for fifty years. 
51 A not very thorough examination of the American Economic Review, Journal of Political 
Economy, Quarterly Journal of Economics, Economic Journal and Economica found that 
analytical diagrams were remarkably absent from these journals until after World War II. (A nice 
topic for an undergraduate thesis?)  
52 Freakonomics is not only devoid of economics it is also devoid of diagrams. Wheelan’s (2010) 
excellent book also shuns diagrams, as do Chang (2014), Kwak (2017), Rodrik (2015), and 
Schefler (2012). 
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acceptable level of rigor in an applied economics paper, would be totally 
unacceptable in a theoretical one. Inevitably there will be disagreements about 
the trade–off between rigor and relevance. Physicists are seldom concerned with 
the rigor of their arguments because, unlike economists, their arguments are 
rapidly confronted with empirical data and inappropriate assumptions are 
exposed when those arguments are put to empirical test (see Part 9). Applied 
mathematicians are happy to sketch a “proof” of a proposition even though 
“almost a proof” is as oxymoronic as “almost a virgin”. But the applied 
mathematicians’ lacunæ can usually be filled in where necessary by pure 
mathematicians who dot the mathematical i’s and cross the mathematical t’s.  

6 MORE, NOT LESS, MATH53 
 

I believe in using the simplest model necessary to make a point; generality and 
abstraction are not objectives that we should pursue at the intermediate level. 
Usually, a two-good, and almost always a three-good, model’s results can be 
generalized to the n-good case. Switching straight from the easily illustrated 
two-good case to the n-good case, which is usually done in mathematical 
economics courses, fails to give students an intuitive feel for the complexity of 
the algebra of even a three-good model. Matrix algebra has the great 
advantage that it makes dealing with large numbers of simultaneous equations 
simple and elegant; the disadvantage of matrix algebra is that it obscures the 
complexities of those equations. 
   In Part 1 I argued that a crucial feature of the supply and demand model is 
that it is an equilibrium model. In economics equilibrium has become a synonym 
for solvable. Athreya (2013 especially pages 17, 23, and 191–196) mounts a 
spirited defense of the crucial importance of equilibrium in economics.54 Athreya 
argues that economists must work with equilibrium models even if they invoke 
patently absurd assumptions because these are the only models that economists 
know how to solve. This seems to mean that we either engage in rigorous 
analysis of patently irrelevant models, or just “talk” about many of the issues 
that are of major interest to economists.  
   However, the fact that economists cannot solve a model is not a proof that the 
model does not have a solution. Nor does it necessarily mean that it is 
impossible to reformulate the model so that it does have an analytical solution. 
(Babichenko and Rubinstein (2016) argue that the Nash equilibrium – one of 

                                            
53 Koopmans (III.2, especially footnote 1, provides an report from the front written before the 
battle for the soul of economics had been decisively won by the mathematical faction.  
54 I believe that every prospective economics graduate student should read Athreya. 
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economists’ most cherished tools – is of doubtful relevance in any real world 
context.)55  Further, there is no reason to confine ourselves to models with 
closed-form solutions; mathematicians, physicists, climatologists, geologists and 
other scientists routinely use simulations to analyze the properties of models 
that are analytically intractable.   
   I believe that one of the reasons that economists have problems building 
“realistic” models is that we use mathematical tools largely forged more than a 
hundred years ago – a period that in mathematics is equivalent to the Middle 
Ages. I doubt that every economic problem is an analytical nail for which real 
analysis, linear algebra, simple topology and some measure theory are the only 
appropriate hammers. Today the mathematicians’ tool set is immensely larger 
than anything that economists deploy, too large even for individual 
mathematicians to master (see Gower et al. (2008) and Higham et al. (2015), and 
Bellos (2014, 222-223) Economists preach the division of labor. An efficient 
allocation of intellectual capital would allow economists to concentrate on 
asking interesting economic questions and allow mathematicians to select, or 
create, the tools needed to formulate those questions in the most appropriate 
mathematical form. I believe that economists should aim to achieve something 
like the symbiotic relationship between mathematics and physics that has lasted 
since the mathematization of physics in the middle of the sixteenth century. 
Perhaps the problems of market adjustment discussed in Parts 2 and more 
extensively in Part 6 will yield to more powerful mathematical weapons, 
although Stephen Smale, one of the few first rank mathematicians to work on 
economic problems did not succeed in putting this issue to rest.56  
   In mathematics conjectures, hypotheses that their originator cannot prove but 
which seem likely to be correct, are an important source of research programs.57  

                                            
55 Most scientists use Wolfram’s Mathematica program despite its very steep learning curve.  
Mathematica’s distinctive diagrams are a familiar feature of science journals, textbooks, and 
monographs. Although there are texts designed to teach economists to use Mathematica (see 
Huang and Crooke (1997), Stinespring (2002), and Varian (2002)), the program does not seem to 
be widely used by economists. Similarly although Varian wrote his text using Latex, the standard 
word processing program used in mathematics, its use has not caught on. 
56 Fifty-eight Fields Medals have been awarded since 1950. Smale, who reintroduced calculus 
into general equilibrium theory and devoted considerable effort to trying to solve the stability 
problem, is the only medalist to have worked in economics. Von Neumann is probably the only 
other first rate mathematician to have contributed to economics. Thomas Piketty, an 
accomplished mathematician by the standards of economics is well known for his scorn of 
economists’ mathematical pretensions. 
57 The most famous example is Henri Poincaré’s Conjecture that every simply connected, closed, 
three-manifold is homeomorphic to the three-sphere, which was finally shown to be true in 2002 
and 2003 in a series of papers by Grigori Perelman, building on the researches of Richard 
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Economics would be a much less interesting subject if it had ignored the work of 
Ronald Coase and Thomas Schelling because it was not formulated 
mathematically; turning their ideas into mathematical models has generated 
much interesting economics. But it is often difficult to weed the wheat from the 
chaff, which is why we have refereed journals. However, the journals are easily 
captured by those who have an interest in maintaining the status quo, and so 
there are strong entry barriers to new ideas, but it is difficult to see how 
presenting your ideas to professional economists in a manner that is unorthodox 
is going to help their dissemination.58 
 
 
 
 
 
 
 

                                                                                                                                  
Hamilton (see Szpiro (2007) and Bellos (2014 223-224). However, a mathematical conjecture is 
not an unsupported claim but rather a mathematical argument that the author knows to be 
incomplete although believing that the claim is correct. Reimann’s tantalizing Prime Number 
Hypothesis is a Conjecture (see du Sautoy (2003)).  
58  There is now a small cottage industry of non-orthodox economists writing polemics against 
neo-classical economics and especially the AD model. See the online Real-World Economics 
Review published by the World Economics association that grew out of the Post Autistic 
Economics movement pae_news@btinternet.com. This industry has not been able to provide a 
viable alternative to the AD model. And, as Tobin (1969) argued in a different context, the critics 
" ... owe us more than demonstrations that [the model] rests on restrictive assumptions. They 
need to show us how a more general and less vulnerable approach will yield the kind of 
comparative static results that economists are interested in." The lack of success of the non-
orthodox community may stem from its reluctance, or inability, to deploy the sophisticated 
mathematical tools that are required to bring their revolution to success. There is also a literature, 
referred to as Econophysics, which does not lack mathematical sophistication. However, most of 
the practitioners of this field are interested in modeling the behavior of financial markets, and in 
my opinion their economic models do not ask interesting economic questions. A typical example 
is Mantegna and Stanley (2000). See also Farmer et al. For an interesting view of economics by a 
physicist see Smollin (2009).  
   The Evonomics site http://evonomics.com/contains some interesting criticism of neoclassical 
economics and argues that economics would benefit from an evolutionary approach to 
economics without actually showing how those benefits might be obtained. However, 
evolutionary approaches to economic are not new to economics; the idea that economic 
systems evolve was an important, and largely neglected, part of Marshall’s conception of 
economics. Nelson and Winter (1982) is an early use of evolutionary ideas in economics and 
Lipsey et al. (2005) a more recent one. There is an Association of Evolutionary Economics. 



 25 

REFERENCES 
 

Ackerman, Frank. (2002) “Still Dead After All These Years: Interpreting Failure in 
General Equilibrium Theory”. Journal of Economic Methodology, 9(2): 119-139. 
 
Algan, Yann, Elizabeth Beasley, Florian Guyot, and Fabrice Murtin. (2014) “Big 
Data Measures of Human Well-Being: Evidence from a Google Stress Index on 
US States.” Sciences Po Working Paper. 
 
Allen, R.G.D. (1938) Mathematical Analysis for Economists. London: MacMillan. 
 
Archibald, G. C. and R. G. Lipsey. (1967) An Introduction to a Mathematical 
Treatment of Economics. London: Weidenfeld and Nicolson. 
 
Arrow, Kenneth J. (1968) “Economic Equilibrium” in Merton, Robert K. and 
David L. Sills. (eds.) International Encyclopedia of the Social Sciences Vol. 4: 
376-388. New York: The Free Press.  
 
Athreya, Karitik B. (2013) Big Ideas in Macroeconomics: A Nontechnical View. 
Cambridge, Mass.: MIT Press.  
 
Babichenko, Yakov and Aviad Rubinstein. (2016) “Communication Complexity of 
Approximate Nash Equilibria.” arXiv preprint arXiv: 1608.06580, 2016-arxiv.org. 
 
Bator, Francis M. (1957) “The Simple Analytics of Welfare Maximization.” 
American Economic Review, 47(1): 22-59. 
 
Baumol, William J. (2000) “What Marshall Didn’t Know: On the Twentieth 
Century’s Contributions to Economics.” Quarterly Journal of Economics, CXV(1): 
1-44. 
 
Baumol, William J. (2002) The Free-Market Innovation Machine: Analyzing the 
Growth Miracle of Capitalism. Princeton NJ: Princeton University Press. 
 
Baumol, William J. and Richard E. Quandt (1964) "Rules of Thumb and 
Optimally Imperfect Decisions." American Economic Review, 54: 23-46.  
 



 26 

Beinhocker, Eric D. (2007) The Origin of Wealth. Cambridge MA.: Harvard 
Business Review Press. 
 
Bellos, Alex. (2014) Alex Through the Looking Glass. London: Blooomsbury. 
Berg, Nathan and Gerd Gigerenza. (2010) “As-if Behavioral Economics: 
Neoclassical Economics in Disguise?” History of Economic Ideas, 18(1): 133-166. 
 
Blaug, Mark. (1997) “Ugly Currents in Modern Economics” Policy Options 17(7): 
3-8 reprinted in Mäki, Uskali (ed.) Fact and Fiction in Economics: Models, 
Realism, and Social Construction. Cambridge: Cambridge University Press 
(2002): 35-56. 
 
Blaug, Mark. (2002) “The Fundamental Theorems of Welfare Economics, 
Historically Contemplated.” History of Political Economy, 39(2): 185-207. 
 
Boland, Lawrence A. (2017) Equilibrium Models in Economics.  Oxford; Oxford 
University Press. 
 
Brainard, William C. and Herbert E. Scarf. (2005) “How to Compute Equilibrium 
Prices in 1891.” American Journal of Economics and Sociology, 65(1): 57-83.  
 
Cardente, Manuel Alejandro, Ana-Isabel Guerra, and Ferran Sancho. (2012) 
Applied General Equilibrium. New York, NY: Springer. 
 
Chang, Ha-Joon. (2014) Economics: The User’s Guide. London: Bloomsbury 
Press. 
 
Clower, Robert J. (1994) “Economics as an Inductive Science.” Southern 
Economic Journal, 60(4): 805-814. 
 
Clower, Robert J. (1995) “Axiomatics in Economics.” Southern Economic 
Journal, 62(2): 307-319. 
 
Colander, David (ed.) (2000) The Complexity Vision and the Teaching of 
Economics. Cheltenham, UK: Edgar Elgar. 
 
Colander, David. (2015) “Complexity Economics and Workaday Economic 
Policy.” Unpublished manuscript. Downloaded from web 4/23/17. 
 



 27 

Debreu, Gerard. (1959) The Theory of Value: An Axiomatic Analysis of Economic 
Equilibrium. New Haven: Yale University Press.  
 
Debreu, Gerard. (1974) “Excess Demand Functions.” Journal of Mathematical 
Economics, 1(1): 15-21. 
 
Dimard, Robert W. and Hichem Ben-El-Mechaeikh. (2012) “General Equilibrium 
Reaches North America: The Hydraulic Simulation Model in Irving Fisher’s 
Mathematical Investigations in the Theory of Value and Prices (1891).” Journal of 
Economic and Social Measurement, 37(1-2): 97-118. 
 
Dooley, P. C. (1992) “Why did Marshall Introduce the Giffen Paradox?” History 
of Political Economy, 24(3): 749-752. 
 
Düppe, Till and E. Roy Weintraub. (2014) Finding Equilibrium. Princeton NJ: 
Princeton University Press.  
 
Durlaf, Steven N. and Lawrence E. Blume (eds.)  (2008, 2nd. edition).  The New 
Palgrave Dictionary of Economics. London: Palgrave Macmillan. 
 
Du Sautoy, Marcus. (2003) The Music of the Primes: Searching to Solve the 
Greatest Mystery in Mathematics. New York, NY: Harper Perennial.  
 
Edgeworth, F.Y. (1881) Mathematical Psychics. London: Kegan Paul.  
 
Felipe, Jesus and Franklin M. Fisher. (2003) “Aggregation in Production 
Functions: What Should Applied Economists Know?” Metroeconomica, 54(2): 
208-262. 
 
Fisher, F.M. (1983) Disequilibrium Foundations of Equilibrium Economics. 
Cambridge: Cambridge University Press. 
 
Fisher, F. M. (1998) “Aggregation Problem.” in Eatwell et al. Vol. 1: 53-55. 
 
Fisher, Irving (1892, reprinted 19621) Mathematical Investigations into the 
Theory of Value and Prices. New York: A.M Kelly. 
 
Frank, Adam. (2011) About Time: Cosmology and Culture at the Twilight of the 
Big Bang. New York, NY: Free Press. 



 28 

 
Gale, Douglas. (2008) Money and General Equilibrium. In Steven N. Durlaf and 
Laurence E. Blume (eds.).  
 
Geanakoplos, J. (1987) “Arrow-Debreu Model of General Equilibrium.” In 
Eatwell et al. Vol. 1: 116-124.  
 
Gordon, Deborah. (2010) Ant Encounters: Interaction Networks and Colony 
Behavior. Princeton: Princeton University Press. 
 
Gorman, W. M. (1953) “Community Preference Fields.” Econometrica, 21 June: 
63-80. 
 
Gower, Timothy, et al., (eds.) (2008) The Princeton Companion to Mathematics. 
Princeton NJ: Princeton University Press. 
 
Gramp, William D. (2000) “What Did Smith Mean by the Invisible Hand?” 
Journal of Political Economy, 108(3): 441-465.  
 
Hands, D. Wade. (2010) “The Phase Diagram Technique.” Chap. 37 in Blaug 
and Lloyd (2010): 280-285. 
 
Higham, Nicholas J. et al. (eds.) (2015) The Princeton Companion to Applied 
Mathematics. Princeton: Princeton University Press.  
 
Hildenbrand, Werner. (2008) “Aggregation (theory).” In Durlaf, Steven N. and 
Lawrence E. Blume, (eds.).  
 
Hoff, Karla and Joseph Stiglitz  (2015) “Striving for Balance: Towards a Theory of 
the Social Determination of Behavior.” NBER Working Paper No. 21823. 
 
Huang, Cliff J. and Philip S. Crooke. (1997) Mathematics and Mathematica for 
Economists. London: Blackwell. 
 
Jehle, Geoffrey A. and Phillip J. Reny. (2011, 3rd edition) Advanced Economic 
Theory. New York: Pearson (Prentice-Hall). 
 



 29 

Johnson, Harry G. (1971a) “The Keynesian Revolution and the Monetarist 
Counter-Revolution.” American Economic Review, Papers and Proceedings. 
61(2): 1-14.  
 
Johnson, Harry G. (1971b) The Two-Sector Model of General Equilibrium. 
London: Allen and Unwin. 
 
Kennedy, Gavin. (2009) “Adam Smith and the Invisible Hand: From Metaphor to 
Myth.” Economic Journal Watch, 6(2): 239-263. 
 
Kennedy, Gavin. (2017 forthcoming) An Authentic Account of Adam Smith. 
London: Edward Elgar. 
 
Keynes, J. M. (1924) “Alfred Marshall, 1842-1924.” Economic Journal, 34 (135): 
311-372. (Reprinted in Keynes (1951).) 
 
Kirman, A. (1989) “The Intrinsic Limitations of Modern Economic Theory: The 
Emperor has No Clothes.” Economic Journal, 99(395): 126-139. 
 
Kirman, Alan. (2011a) Complex Economics. New York: Routledge.   
 
Kirman, Alan. (2011b) “The Economic Entomologist: an Interview With Alan 
Kirman.” Erasmus Journal of Philosophy and Economics, 4(2): 42-66  
Kirman A. and A. P. Vignes. (1991) “Price Dispersion: Theoretical Considerations 
and Empirical Evidence from the Marseilles Fish Market.” In K. G. Arrow (ed.) 
Issues in Contemporary economics. London: Macmillan. PP? 
 
Kirman A. and N. Vriend. (2000) “Evolving Market Structure: A Model of Price 
Dispersion and Loyalty for the Marseilles Fish Market.” In D. Gatti, M. Gallegati 
and A. Kirman (eds.) Interaction and Market Structure Heidelberg: Springer 
Verlag. 
 
Kreps, David E. (2013) Microeconomics Foundations I. Princeton: Princeton 
University Press. 
 
Kwak, James. (2017) Economism. New York, NY: Pantheon Books. 
 



 30 

Lakatos, Imre. (1980) in Worrall, John and Gregory Currie (eds.) The 
Methodology of Scientific Research Programmes. (Especially chap. 1).  
Cambridge: Cambridge University Press. 
 
Levitt, Steven and Stephen Dubner. (2005) Freakonomics. New York: William 
Morrow. 
 
Lipsey, R. G. (2001) “Successes and Failures in the Transformation of 
Economics.” Journal of Economic Methodology, 8(2): 169-201. 
 
Lipsey, R. G. (2007) “Reflections on the General Theory of Second Best at its 
Golden Jubilee.” International Tax and Public Finance, 14: 349-64. 
 
Lipsey, R.G. and Kelvin Lancaster. (1953) “The General Theory of the Second 
Best.” The Review of Economic Studies, 24: 11-36. 
 
Lipsey, Richard G. and Gideon Rosenbluth. (1971) “A Contribution to the New 
Theory of demand: A Rehabilitation of the Giffen Good.” Canadian Journal of 
Economics, 4(2): 131-163. 
 
Lipsey, R. G., Kenneth I. Carlaw and Clifford T. Bekar. (2005) Economic 
Transformations. Oxford: Oxford University Press. 
 
Mas-Colell, A., M. D. Whinston and J.R. Green. (1995) Microeconomic Theory. 
New York: Oxford University Press. 
 
McKenzie, Lionel W. (1954) “On Equilibrium in Graham’s Model of World Trade 
and Other Competitive Systems.” Econometrica, 22(2): 147-161. 
 
McMillan, John. (2002) Reinventing the Bazaar. New York: W.W. Norton. 
 
Manski, Charles F. (2013) Public Policy in an Uncertain World. Cambridge, MA: 
Harvard University Press. 
 
Mantegna, Rosario N. and H. Eugene Stanley (2000). An Introduction to 
Econophysics. Cambridge: Cambridge University Press. Downloadable from 
http://polymer.bu.edu/hes/book-mantegna00stanley.pdf 
 



 31 

Mantel, R. (1974) “On the Characterization of Aggregate Excess-Demand.” 
Journal of Economic Theory, 7(3): 348-353. 
 
Merrill, O. H. (1971) “Applications and Extensions of an Algorithm That 
Computes Fixed Points of Certain Non-Empty Convex Upper Semicontinuous 
Point to Set Mappings.” Technical Report: 71-7.  University of Michigan. 
 
Mishan, E.J. (1961) “Theories of Consumer Behaviour: A Cynical View.” 
Economica, 28(109): 1-11. 
 
Mitra-Kahn, Benjamin H. (2008) “Debunking the Myths of Computable General 
Equilibrium Models.” Schwartz Center for Economic Policy Analysis: Working 
Paper 2008-1. 
 
Morgenstern, Oskar. (1963, 2nd edition) On the Accuracy of Economic 
Observations. Princeton, NJ: Princeton University Press. 
 
Nechyba, Thomas (2010) Microeconomics: An Intuitive Approach with Calculus. 
Carnage Learning. 
 
Nelson, Richard R. and Sidney G. Winter. (1982) An Evolutionary Theory of 
Economic Change. Cambridge MA. : Harvard University Press. 
 
Niehans, Jürg. (1990) A History of Economic Theory: Classic Contributions, 
1720-1980. Baltimore: Johns Hopkins Press. 
 
Nicholson, Walter and Frank Westhoff. (2009) “General Equilibrium Models: 
Improving the Microeconomics Classroom.” Journal of Economic Education, 
40(3): 297-314. 
 
Nicola, PierCarlo. (2000) Mainstream Mathematical Economics in the 20th 
Century. Berlin: Springer-Verlag. 
 
Ohtake, Fumio. (2012) “Unemployment and Happiness.” Japan Labor Review, 
9(2): 59-74.  
 
Ostrom, Elinor. (1990) Governing the Commons. Cambridge: Cambridge 
University Press. 
 



 32 

Poundstone, William. (2010) Priceless: The Myth of Fair Value and How to 
Take Advantage of It. New York, NY: Hill and Wang. 
 
Quirk, James and Rubin Saposnik. (1968) Introduction to General Equilibrium 
Theory and Welfare Economics. New York: McGraw-Hill. 
 
Riley, John G. (2012) Essential Microeconomics. Cambridge: Cambridge 
University Press. 
 
Rizvi, S. Abu Turab. (2006) “The Sonnenschein-Mantel-Debreu Results after 30 
Years.” History of Political Economy, 38 Suppl. 1: 228-245. 
 
Rodrik, Dani. (2015) Economic Rules: the Rights and Wrongs of the Dismal 
Science. New York, NY: W.W. Norton. 
 
Saari, Donald. (1995) “Mathematical Complexity of Simple Economics.” Notices 
of the American Mathematical Association, 42(2): 222-230. 
 
Samuelson, P.A. (1947). The Foundations of Economic Analysis. Cambridge, MA: 
Harvard University Press. 
 
Samuelson, P.A. (1948). Economics: An Introductory Analysis.  Cambridge, MA: 
Harvard University Press. 
 
Schlefer, Jonathan. (2012) The Assumptions Economists Make. Cambridge, MA: 
Belknap Press of Harvard University Press. 
 
Sleeman, Allan G. (1983) Essays on the United Kingdom Phillips Curve, Ph. D. 
Thesis, Simon Fraser University, British Columbia, Canada.  
 
Sleeman, A. G. (2011) “Retrospectives: The Phillips Curve: A Rushed Job?” 
Journal of Economic Perspectives, 25(1): 223-238. 
 
Sleeman, A.G. (2017a) What Economics Majors and Economists Should Know 
About the Supply and Demand Model: 1. A Static and Qualitative Model 
 
Sleeman, A.G. (2017b) What Economics Majors and Economists Should Know 
About the Supply and Demand Model: 2 The Single Market Algebraic Model. A 
Static and Qualitative Model 



 33 

 
Sleeman, A. G. (2017c). What Economics Majors and Economists Should Know 
About the Supply and Demand Model: 3 Two and Three Market Algebraic 
Models 
 
Sleeman, A. G. (2017d). What Economics Majors and Economists Should Know 
About the Supply and Demand Model: 4 Dynamics and Stability 
 
Sleeman, A. G. (2017e). What Economics Majors and Economists Should Know 
About the Supply and Demand Model: 5 Is the Supply and Demand Model 
Empirically Useful? 
 
Sleeman, A. G. (2017f). What Economics Majors and Economists Should Know 
About the Supply and Demand Model: 6 General Equilibrium 
 
Sleeman, A. G. (2017g). What Economics Majors and Economists Should Know 
About the Supply and Demand Model: 7 Welfare 
 
Sleeman, A. G. (2017h). What Economics Majors and Economists Should Know 
About the Supply and Demand Model: 8 The Default Model? 
 
Smolin, Lee. (2009) “Time and Symmetry in Models of Economic Markets.” 
Downloaded 2/25/2013 from arXiv:0902.4274v1  
 
Sonnenschein, Hugo. (1972) “Market Excess Demand Functions.” Journal of 
Economic Theory, 6(4): 345-354. 
 
Sonnenschein, Hugo. (1973) “Do Walras’ Identity and Continuity Characterize 
the Class of Community Excess Demand Functions?” Econometrica, 40(3): 549-
563. 
 
Stigler, George J. (1947) “Notes on the History of the Giffen Paradox.” Journal 
of Political Economy, 55(3): 152-156. 
 
Stinespring, John Robert. (2002) Mathematica for Economics. New York, NY: 
Academic Press. 
 
Szpiro, George G. ((2007) Poincaré’s Prize: A hundred-Year Quest to Solve One 
of Math’s Greatest Puzzles. New York, NY: Plume Books. 



 34 

 
Taylor, Timothy (2012) “Giffen Goods in Real Life.” Conversable Economist blog 
1/4/2012 downloaded 5/21/17. 
 
Thaler, Richard H. (2016) “Behavioral Economics: Past, Present, and Future.” 
American Economic Review, 106(7): 1577-1600. 
 
Thomassen, Øyvind, Howard Smith, Stephan Seiler, and Pasquale Schiraldi. 
(2017) “Multi-Category Competition and Marketing Power: A Model of 
Supermarket Pricing.” American Economic Review, 107(8): 2,308-2,351. 
 
Tversky, Amos and Daniel Kahneman. (1974) “Judgment under Uncertainty: 
Heuristics and Biases.” Science New Series, 185 (4157): 1124-1131. 
 
Varian, Hal (ed.) (1992) Economic and Financial Modeling with Mathematica. 
New York, NY: Springer; Har/Dsk. 
 
Wheelan, Charles. (2010, revised and updated) Naked Economics. New York, 
Norton. 
 
Winkelmann, Liliana and Rainer Winkelmann. (1998) “Why are the Unemployed 
so Unhappy? Evidence from Panel Data.” Economica, 65(257): 1-15. 
 
Zame, William (2008, 2nd) “General Equilibrium (New Developments).” In 
Durlaf, Steven N. and Lawrence E. Blume, (eds.)  

 
 
 
 
 
 
 
 
 
 
 
 
 
 



 35 

FIGURES



 36 

 



 37 



 38 

 
 



 39 

 

 



 40 



 41 



 42 

 


