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Entrepreneurship occupies a curious place in economic theory. On one hand, the 

importance of entrepreneurship is widely recognized, particularly as it pertains to 

economic growth. However, the entrepreneur lacks a broadly accepted economic theory, 

and suffers from a dearth of literature on the subject. We believe that this is due to 

economics’ heavy reliance on linear mathematical theory. In this thesis, we use nonlinear 

mathematics to construct a model of the entrepreneur that captures the sudden 

destabilization of a steady state, the unpredictability of a creative action, the possibility of 

entrepreneurial failure, and sensitivity to small changes in environment.  
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Nonlinearity and Entrepreneurship 

 

 

 

I. Introduction 

 

Entrepreneurship occupies a curious place in economic theory. On one hand, the 

importance of entrepreneurship is widely recognized, particularly as it pertains to 

business activity and economic decision making. However, the entrepreneur lacks a 

broadly accepted economic theory, and suffers from a dearth of literature on the subject 

(Casson, 1982: 9-10). As Baumol writes, 

The entrepreneur is at the same time one of the most intriguing and one of the most 

elusive characters in the cast that constitutes the subject of economic analysis. He has 

long been recognized as the apex of the hierarchy that determines the behavior of the firm 

and thereby bears a heavy responsibility for the vitality of the free enterprise society. In 

the writings of the classical economist his appearance was frequent, though he remained a 

shadowy entity without clearly defined form and function (Baumol, 1968: 1). 

 

When entrepreneurial activity is recognized in standard economic models, it is typically 

explained exogenously. For example, the Solow growth model depends on changing 

levels of capital, driven by technological improvement, yet no explanation is given 

regarding the source of this advance. If we could explain how technologies are driven by 

entrepreneurial behavior, we would possess a more robust growth story. Indeed, it is hard 

to explain why some economies grow while others remain dormant without accounting 

for different levels of entrepreneurship (Baumol, 1968: 66).  

Why then does the discussion of entrepreneurship remain a relative rarity in 

economic literature? We believe this is largely due to the prevalence of linear 

mathematical theory in the social sciences (Nijkamp and Reggiani, 1995: 184-185). 
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Much of economics is concerned with the study of local equilibria and movement toward 

these steady states (Kaldor, 1972: 1237). Linear mathematics is the tool of choice for 

such analysis, involving equations consisting of constants and variables raised only to the 

first power. Such equations exhibit constant proportionality between input and output, 

and can be decomposed into simpler parts that can be solved separately (Strogatz, 1994: 

6, 8). As such, linear models avoid many of the complications of nonlinear systems, 

which undoubtedly accounts for much of the popularity of the approach (Nijkamp and 

Reggiani, 1995: 185). To be sure, linear models are good approximations of many real 

world phenomena. However, there are good reasons to believe that the characteristics of 

entrepreneurship are not easily captured by linear theory. In this thesis, we propose a 

nonlinear method of analyzing entrepreneurial activity, and devise a model which 

employs this approach. 

While there is no consensus theory of the entrepreneur, two of the most influential 

perspectives on the topic are those of Schumpeter and Kirzner. Schumpeter’s well-known 

theory of “creative destruction” describes entrepreneurial activity as introducing a shock 

to existing market equilibria. After the shock, the system moves to a new equilibrium, 

driving economic innovation (Aghion and Howitt, 1992: 324). Kirzner, on the other hand, 

tends to analyze the role of entrepreneurship within the traditional framework of supply 

and demand. In Kirzner’s view, markets tend toward disequilibrium, and entrepreneurs 

are the agents who move the market process towards optimality (Hébert and Link, 1989: 

46).  

In the current paper, we adopt an approach to entrepreneurship recently proposed 

by Jakee and Spong (2003a, 2003b, and 2010). This approach emphasizes the instability 
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and uncertainty inherent in entrepreneurial processes. The problem is that these 

characteristics are difficult to model using traditional methods better suited to describing 

gradual, predictable changes (Thiétart and Forgues, 1995: 20). This paper asserts that 

entrepreneurship is best modeled using nonlinear dynamics.  

This thesis is organized as follows. In Section II, we examine the existing 

literature regarding entrepreneurship in greater detail. Section III introduces nonlinearity 

and chaos theory. In Section IV, we develop our nonlinear model of entrepreneurship. 

Section V reconciles our model with the traditional theories of Schumpeter and Kirzner. 

Lastly, in Section VI we examine some examples of entrepreneurship through the lens of 

our nonlinear model. 

 

II. Literature review 

Before proceeding further, it is useful to examine the existing literature on 

entrepreneurship. While this section does not give an exhaustive review of all opinions on 

the subject, it does assess the contributions of the two most important thinkers, 

Schumpeter and Kirzner. Section II also describes the recent work of Jakee and Spong, 

whose concept of entrepreneurship we will adopt.  In subsequent sections we will see 

how the Jakee and Spong’s conception of the entrepreneur bears marked similarities to 

the characteristics of chaotic systems.  

  

A. Schumpeter  

The classic starting point for reviewing the existing entrepreneurial literature is the work 

of Joseph Schumpeter.  Even though the idea of the entrepreneur predates the writings of 
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Adam Smith (Barreto, 1989: 1), Schumpeter was the first to discuss entrepreneurship in 

great detail, and it is his writing on the subject which is the most eminent (Jakee and 

Spong, 2003a: 126). 

Schumpeter was born in 1883 in Trest, Austria, and studied at Vienna University 

from 1901 to 1906 (Haberler, 1950: 334-335). During this time, he was greatly 

influenced by the then-leader of the “Austrian School” of economics, Eugen von Böhm-

Bawerk (Kisch, 1979: 141-142). Although he evinced a keenness for the neoclassicism 

and Walras’ general equilibrium theory, Schumpeter was also aware of how the static 

character of equilibrium theory inhibited this framework (Kisch, 1979: 144). Schumpeter 

formulated his own thoughts about how economies evolve (perhaps as a retort to 

Marxists who insisted that political economy should focus on the dynamics of capitalism) 

and published these thoughts in his 1912 book, The Theory of Economic Development 

(Kisch, 1979: 144-145). In this seminal work, which propelled the young theorist to 

prominence, Schumpeter proposed that change in a capitalist society is driven by the 

entrepreneur, an individual of “unusual insights, energy, perseverance, and organizing 

ability” (Kisch, 1979: 145). These innovators are able to envision future profits in 

uncertain markets, and they have the skills necessary to pursue those profits (Clemence 

and Doody, 1950: 9). Entrepreneurship, in such a view, is the process of creating new and 

innovative business practices (Backhaus, 2003: 211).  

More particularly, Schumpeter envisioned the entrepreneur operating in an 

economy in general equilibrium. As such, each firm produces in competitive equilibrium 

with zero profits (Clemence and Doody, 1950: 9). Supply equals demand, and all 

resources are fully employed (Elliott, 1983a: xvi). Moreover, economic actors follow 
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established business practices, and, importantly, they are unable to generate long-run 

abnormal profits (Clemence and Doody, 1950: 9). Thus, the system is capable only of 

marginal increases in economic growth due to “gradual increases in the labor force, 

savings, and capital accumulation” (Elliott, 1983a: xvi). 

It is in this context that the entrepreneur can “shock” the existing market 

equilibria (Aghion and Howitt, 1992: 324). This shock may take the form of a novel 

method of production or a new product or service, and is financed by a line of credit from 

the bank (Kisch, 1979: 144-145). The innovation moves the economic system away from 

equilibrium, as affected firms are forced to react to the change in business practices, or 

become archaic and cease to exist (Clemence and Doody, 1950: 10). The system is also 

moved from its starting position by those who copy the act of entrepreneurship (Kisch, 

1979: 144). These imitators are drawn to the abnormal profits of the entrepreneur, and are 

enabled by the way the original act of innovation demonstrates how to surmount the 

initial difficulties involved (Clemence and Doody, 1950: 10). Eventually, then, the once 

innovative process becomes routine, or “mere work” (Backhaus, 2003: 211), and the 

economic system finds some new stable equilibrium. This new equilibrium is assumed to 

have a higher total output, and a composition different than the original equilibrium 

(Clemence and Doody, 1950: 10). In Schumpeter’s words, the entrepreneur 

 

revolutionizes the economic structure from within, incessantly destroying the old one, 

incessantly creating a new one. This process of Creative Destruction is the essential fact 

about capitalism (Schumpeter, 1962: 82). 

 

 

It is this process that Schumpeter suggests will offer a way out of the restrictions of the 

static general equilibrium model (Kisch, 1979: 144-145). 
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B. Kirzner 

Despite Schumpeter’s contributions, the role of the entrepreneur has suffered from a lack 

of scholarly attention since the 1930s (Barreto, 1989: 1). Notwithstanding this inattention, 

Kirzner has been the most prolific writer on the role of the entrepreneur in the latter half 

of the twentieth century (Jakee and Spong, 2003b: 461). Indeed, the entrepreneur is the 

most defining feature of Kirzner’s economic work as a whole (Binenbaum, 1995: 164). 

Like Schumpeter, Kirzner comes from an Austrian background, having studied under 

Ludwig von Mises, who in turn had studied under Böhm Bawerk (Binenbaum, 1995: 

164). In this way Kirzner and Schumpeter are academically related through Böhm 

Bawerk. However, Schumpeter and Kirzner developed fundamentally different 

conceptions of the entrepreneur. This difference is seen in their respective theories’ 

relation to the ideas of Böhm Bawerk. Böhm Bawerk espoused “circular flow logic,” 

which posits that economic systems will not undergo sudden changes of their own 

initiative. Schumpeter distinguished this from rapid economic change driven by 

entrepreneurial activity (Gloria-Palermo, 2002: 22). Therefore, Schumpeter’s 

entrepreneur exists outside of the circular flow logic. On the other hand, it is probably 

more accurate to say that Kirzner’s entrepreneur, with its emphasis on moving towards 

equilibrium, operates within the circular flow framework (Gloria-Palermo, 2002: 36).    

Kirzner believed that many markets tended to be in disequilibrium (Kirzner, 1999: 

5). This disequilibrium is distinguished by ignorance of potentially lucrative 

opportunities, because most actors are not able to understand their environment with 

perfect clarity (Barreto, 1989: 18). In Kirzner’s view, entrepreneurs possess an 

“alertness” which allows them to perceive and capitalize on these opportunities (Jakee 
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and Spong, 2003b: 466). More specifically, Kirzner’s entrepreneur is a sort of arbitrageur 

who notices opportunities to buy goods at a lower price than he is able to sell it for 

(Barreto, 1989: 18). Thus, the entrepreneur allocates resources more productively, 

thereby moving the market towards optimality and equilibrium (Kirzner, 1999: 15). It is 

important to note that the entrepreneur does not need to actually own the assets he buys 

and sells, but through his superior perceptiveness he is able to make a pure profit without 

making any investment of his own (Ricketts, 2002: 62). This is possible because as long 

as the entrepreneur has found a way to create a surplus, she should be able to convince 

others to lend any funds required to capture this surplus. In this way the entrepreneur 

avoids the need to invest any capital of her own (Kirzner, 1973: 49). It is for this reason 

that Kirzner’s entrepreneur acts as an arbitrageur and equilibrating agent (Binenbaum, 

1995: 164). 

To clarify Kirzner’s conception of the entrepreneur, it is helpful to focus on one 

of his own examples: that of the effects of the automobile invention on the horse-drawn 

carriage industry. Kirzner points out that this is a classic example of “bold, creative, 

innovative Schumpeterian entrepreneurship” which completely transformed the personal 

transportation industry by creating a new automobile manufacturing business even as the 

carriage industry was destroyed (Kirzner, 1999: 14). Kirzner argues that while this 

innovation may appear to be an example of an industry being shocked and moved away 

from equilibrium, in fact the carriage industry was in disequilibrium from the time a 

better alternative to horse-drawn carriages existed. In other words, the horse-drawn 

carriage industry was overvalued, given that investments in automobile production would 

have yielded far greater returns (Kirzner, 1999: 14).  
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Like Schumpeter, Kirzner therefore recognizes that entrepreneurship is the force that 

drives change in markets (Barreto, 1999: 18). However, Kirzner places the entrepreneur 

in a fundamentally different environment. In Kirzner’s own words: 

 

Schumpeter’s entrepreneur, I pointed out, was essentially disruptive, destroying the pre-

existing state of equilibrium. My entrepreneur, on the other hand, was responsible for the 

tendency through which initial conditions of disequilibrium come systematically to be 

displaced by equilibrative market competition (Kirzner, 1999: 5). 

 

Over time, Kirzner’s theory has attracted its fair share of criticism, particularly in 

its description of entrepreneurship as an apparently deterministic process and through its 

use of equilibrium constructs (Jakee and Spong, 2003b: 461-462).  Buchanan and 

Vanberg criticized Kirzner for being teleological, stating that “in spite of his emphasis on 

the creative and open-ended nature of the market process, Kirzner’s approach fails to 

escape the subliminal teleology of the equilibrium framework” (Buchanan and Vanberg, 

1994: 320). They argue that Kirzner introduces determinism into his theory by assuming 

the existence of entrepreneurial opportunities, whereas a strictly nonteleological theory 

should view the market as a “creative process” that is completely depended on the 

choices of individuals (Groenewegen, 1996:38).   

 

C. Jakee and Spong 

Recently, Jakee and Spong have formulated a theory of entrepreneurship that we adopt 

and model in the current paper. This theory largely shares Schumpeter’s ideas of creative 

destruction, but augments this with theories of institutions developed after the time of 

Schumpeter’s writing. Jakee and Spong also differ from the theories of Schumpeter and 

Kirzner in a number of ways, in an effort to avoid some of the pitfalls of those theories. 
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First, both Schumpeter and Kirzner retain an implicit normative bias that assumes that all 

entrepreneurial acts lead to socially beneficial outcomes (Jakee and Spong, 2010). Jakee 

and Spong explicitly reject what they call a “Panglossian bias,” recognizing that it is 

impossible to always normatively evaluate all the social effects of entrepreneurial acts. 

For example, the development of new techniques to process and distribute 

methamphetamines may promote economic growth, but this may not be “good” growth. 

See Lavigne (1987) for a description of how American gangs improved the production 

process of psychoactive drugs. Thus, Jakee and Spong warn against assuming that all 

entrepreneurial acts will lead to socially desirable results: they point out that 

entrepreneurs may alter institutions for the better or the worse (Jakee and Spong, 2010).  

Jakee and Spong further endeavor to construct a positive theory of the entrepreneurial 

process by avoiding assumptions regarding the “success” or “failure” of an 

entrepreneurial act (Jakee and Spong, 2010). Innovative ideas may be strongly opposed 

by those with an interest in maintaining existing institutions. For example, in 1847 

Hungarian physician Ignaz Semmelweiz discovered that washing one’s hands with 

chlorine before delivering a child massively reduced infant mortalities due to infection 

(Jarvis, 1994: 2). At the time it was believed that every infection was distinctive, and had 

a unique cause. Semmelweiz’s persistent claims that all infections resulted from a lack of 

cleanliness prompted his colleagues to commit him to a mental institution, where he was 

possibly beaten to death by guards (Sanghavi, 2010: 1).  

Having established that defining and judging the normative outcome of 

entrepreneurship is problematic, Jakee and Spong argue that a preferable approach to the 

subject is a non-teleological method that differentiates between entrepreneurial acts and 
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the unpredictable processes that follow (Jakee and Spong, 2003a: 134). As such, Jakee 

and Spong point out the error of determinism in entrepreneurial theories, that is, treating 

entrepreneurship as if the eventual outcomes were known beforehand. Because the 

outcomes of entrepreneurial acts are not known from an ex ante perspective, determinism 

removes the element of uncertainty and creativity inherent in the concept, and does not 

reflect the reality of entrepreneurship (Jakee and Spong, 2003a: 126).  

 An important aspect of the Jakee and Spong approach is its consideration of the 

link between entrepreneurship and institutions (Jakee and Spong, 2003a: 128). They 

argue that we live in a fundamentally uncertain world, but institutions exist to mitigate 

some facets of this uncertainty. Jakee and Spong base their work on recent work by 

Vanberg (1995), North (1990) and Hayek (1973) (Jakee and Spong, 2003a: 131). 

Institutions may be formal rules or informal codes of conduct. In either case, a primary 

reason why institutions are able to reduce uncertainty is the fact that they usually change 

slowly, over a long period of time. By explicitly defining the entrepreneurial act as 

creative and the entrepreneurial process as disruptive of existing institutions (Jakee and 

Spong, 2003a: 131-133), entrepreneurial acts may give rise to increased uncertainty and 

endogenous social change.  

The inclusiveness of Jakee and Spong’s approach raises the issue of what Mario 

Rizzo has called the “village idiot” dilemma: If entrepreneurship is defined as any 

creative act, regardless of its consequences, cannot any raving lunatic be considered an 

entrepreneur in the Jakee and Spong framework? Rizzo’s charge is a serious one, and a 

robust theory of entrepreneurship would presumably exclude the village idiot from the 

definition of the “entrepreneur,” while maintaining the inclusiveness of many different 
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types of creativity. How can we reconcile these demands? One potential filter for 

eliminating the village idiot is to exclude individuals who break all or many of society’s 

institutions. Accordingly, an entrepreneur in this framework will alter some institutions, 

while working within other existing frameworks.  

To conclude, this paper defines entrepreneurial behavior as that which has the 

potential to shift human behavior or alter existing institutions. This definition avoids 

making any sort of normative judgment regarding the nature of the shift. It also 

emphasizes the existence of creative acts which failed to gain acceptance but nonetheless 

were entrepreneurial in nature, while excluding village idiots whose actions lack even the 

potential to alter behavior. This paper also follows Jakee and Spong in separating the 

actual entrepreneurial act from the ensuing processes. Therefore, it focuses on the 

process by which entrepreneurship causes endogenous change, rather than on nature of 

the original entrepreneurial act itself.  

 

III. Chaos  

Having reviewed the economic foundation for entrepreneurship, we now turn our 

attention to chaos theory. We begin with a brief historic overview of the subject, 

including some representative examples. We then try to pin down a precise definition of 

chaos and chaotic systems. We conclude with a section on bifurcation, since this aspect 

of chaos is of particular importance to our modeling of the entrepreneurial process.  
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A. Historical background 

Certain features of chaos have been recognized since the 19
th

 century (Sprott, 2003: 1). In 

1903, French mathematician and physicist Poincaré wrote of how  

 

It may happen that small differences in the initial conditions produce very great ones in 

the final phenomena. A small error in the former will produce an enormous error in the 

latter. Prediction becomes impossible, and we have the fortuitous phenomenon (Poincaré, 

1903, in Sprott, 2003: 2, emphasis added).  

 

Unfortunately, Poincaré’s ideas were not widely dispersed. The next step in 

understanding chaos came in 1963, when mathematician and meteorologist Edward 

Lorenz, although unaware of the “fortuitous phenomenon” described by Poincaré, 

discovered a time series that exhibited sensitivity to initial conditions (Ruelle, 1995: ix). 

Again, his findings were to remain unnoticed until the 1970s, when interest in the study 

of turbulence in fluids developed (Thietart and Forgues, 1995: 20). The eddies and swirls 

of whirlpools and the wakes of objects passing thorough fluids have a seemingly random 

appearance that is still not satisfactorily described by any theory of classical physics 

(Kellert, 1993: 7). It was originally believed that the apparent randomness of turbulence 

could be explained by an ever-increasing number of eddies, each of which interacted with 

the others (Kellert, 1993: 7). However, in 1971, Ruelle and Takens demonstrated how a 

simple, deterministic system could produce this intricate behavior (Thietart and Forgues, 

1995: 20). Shortly after, the physicist Feigenbaum demonstrated how very different 

dynamical systems become chaotic in the same way, thereby revealing the existence of 

general laws of shifts into chaos (Strogatz, 1994: 3). 

The phenomenon of apparent randomness from deterministic processes became 

known as chaos (Sakai, 2001: 5). Academics became interested in applying this new idea 
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to a variety of fields, such as ecology and medicine (Levy, 1994: 168). It was recognized 

that because many natural phenomena are intrinsically nonlinear, nonlinear equations 

frequently yield more accurate models of these systems (Strogatz, 1994: 9). It was also 

recognized that by acknowledging a nonlinear structure, a chaotic approach may 

endogenously explain apparently random irregularities in data, even though it may be 

very difficult to actually find the structure governing a nonlinear system from past data 

(Serletis and Gogas, 1994: 1).  

In time, social scientists, who had usually analyzed dynamic systems using linear 

techniques, began searching for applications for chaos within their own disciplines 

(Nijkamp and Reggiani, 1995:184, and Thietart and Forgues, 1995: 20). Kellert points 

out that human history displays the instability and aperiodicity of chaotic systems, and 

highlights the existence of small events which triggered large changes in civilization 

(Kellert, 1993: 4-5). Thus, it seemed as if chaos could be employed to describe human 

behavior. 

Economists in particular were eager to see what the fruits of chaos might be. This 

interest was partially due to a realization that linear models were limited in their abilities 

to generate many of the more complex time paths observed in economic data (Baumol 

and Benhabib, 1989: 79). Economics was also receptive to chaos because of that field’s 

long-standing interest in analysis and differential equations, which dated back to Walras 

and Ramsey’s emphasis on having an economic framework which allowed for dynamic 

changes over time (Nijkamp and Reggiani, 1995: 185). 

Prior to the 1960s, irregular changes in economic systems (like the business 

cycle) were explained by exogenous sources that acted on economic systems (Grandmont 
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and Malgrange, 1986: 3). Of course, an economic system may actually be impacted by 

unforeseen shocks. However, the effects of these shocks are determined by the laws 

governing the system. A stable system will shrug off the effect and go back to 

equilibrium, while a nonlinear system may be highly affected by a very minor shock, and 

will not have any inclination to return to its previous state (Kelsey, 1988: 21). Therefore, 

an understanding of the nonlinear dynamics of an economic system may compliment the 

part of random effects, and reduce the need to rely on improbably powerful shocks to 

account for rapid changes in economic conditions (Benhabib, 1992: 3). 

Linear dynamic economic models were however unable to account for much of 

the irregular behavior and sudden changes observed in economic data (Nijkamp and 

Reggiani, 1995: 185). Furthermore, there was a rising understanding that the underlying 

dynamics of economic behavior was difficult to discern from random fluctuations using 

conventional linear techniques (Grandmont and Malgrange, 1986: 4). Analysts continued 

using linear tools due to the absence of a better alternative (Kelsey, 1988: 2). Thus, it was 

natural that the economics profession began to turn to the new developments in nonlinear 

dynamics, which were better equipped to explaining rapid qualitative alterations in 

economic systems (Grandmont and Malgrange, 1986: 4).  

Some important early adopters of chaos were Stutzer (1980), Benhabib and Day 

(1981), and Dana and Malgrange (1984), who demonstrated economic applications for 

chaos (Grandmont and Malgrange, 1986:4). A major focus of applying chaos theory to 

economics has been the area of business cycles (Kelsey, 1988: 4). Additionally, a number 

of researchers have searched for empirical evidence of chaos in time series data. While 

these efforts have yielded little indication of chaos in the studied time series, the process 
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did reveal a “surprising amount of unexplained nonlinear structure” (LeBaron, 1994: 

397). As far as we are aware, no one has yet attempted to apply chaos theory to the study 

of entrepreneurship. 

Many chaotic economic models are not notable for their realism, but instead are 

useful for explaining the possible types of behavior exhibited by economic systems 

(Kelsey, 1988: 2). Goodwin writes that the study of chaotic models may help us 

understand the “nature of problems in economics” (Goodwin, 1990: 7). Chaos theory has 

also helped economists understand how thorny a process forecasting actually is, and 

demonstrated how complexity may arise from very simple interactions (Baumol and 

Benhabib, 1989: 80). Before chaos it was difficult to account for the possibility of an 

economic system growing erratically and unpredictably (Kelsey, 1988: 2). Therefore, 

even if many of the initial expectations of what chaos theory could achieve in economics 

proved to be too rosy, the efforts put into this study have certainly not proved fruitless.  

 

 

B. Definition of chaos 

At this point we have talked about chaos without giving a complete definition of what 

chaos actually is. To start out, it is helpful to give some context to the subject by noting 

that chaos is a specialized field of dynamical systems (Sprott, 2003: 2). A dynamical 

system is one that changes over time, and has a state that can always be completely 

described by a set of variables (Sakai, 2001: 6). Some dynamical systems are stochastic, 

or random (Sprott, 2003: 2). An example of such a system is a roll of a die. Other 

dynamical systems are deterministic, meaning that the system is governed by its starting 

conditions and the rules of the system (Strogatz, 1994: 323-324). We are concerned with 
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deterministic systems. (It is for this reason that the chaos we speak of is also called 

“deterministic chaos”). Of these deterministic, dynamical systems, some are linear, and 

some are nonlinear. Linear systems are governed by equations consisting of constants and 

variables raised to the first power only. Such equations exhibit constant proportionality 

between input and output, and can be decomposed into simpler parts that can be solved 

separately (Strogatz, 1994: 6, 8). Nonlinear systems do not exhibit constant 

proportionality between inputs and outputs, due to the presence of variables raised to 

powers, or trigonometric functions (Hilborn, 2000: 3).  

Nonlinearity arises from interaction between different components of a system 

(Strogatz, 1994: 9). For example, biological populations are often determined by the 

competing factors of resource availability and numbers of predators. Dampening forces 

(or negative feedbacks) diminish the impact of variables and tends to bring the system 

back to equilibrium, while amplifying forces (or positive feedbacks) tend to exponentially 

amplify small changes. The interaction of these forces gives rise to a wider range of 

behavior than is witnessed in linear systems.  

Some nonlinear systems exhibit behavior which is unstable and aperiodic, terms 

which we will explain in greater detail later. These systems may appear to be erratic or 

random, although they are completely deterministic (Forgues and Thiétart, 1995: 20). It is 

this specialized class of unstable and aperiodic systems which are called chaotic (Kellert, 

1993: 4). The flowchart below summarizes the categorization of chaos. 
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Figure 1: Classification of Dynamical Systems 

 

 

It is important to realize that chaotic phenomena are not described by a single, 

inclusive, theory, but that “chaos theory” actually consists of a number of models and 

techniques (Kellert, 1993: 1). It is a field that qualitatively examines simple models 

which are able to exhibit highly complex behavior (Kellert, 1993: 5). With this in mind, 

we can succinctly define chaos as aperiodic behavior in a deterministic system that is 

sensitive to initial conditions (Strogatz, 1994: 323). We decompose this definition into 

three pieces: aperiodic behavior, determinism, and sensitivity to initial conditions. 

Dynamical Systems 

Deterministic Stochastic 

Nonlinear 

Chaotic Non-chaotic 

Linear 
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The fact that chaotic systems exhibit aperiodic behavior means that as time goes 

to infinity, the solutions of a chaotic system will not inhabit a fixed point or orbit 

(Strogatz, 1994: 318). In other words, solutions do not approach a single point, or fall 

into a predictable pattern (Kellert, 1993:4). It is this characteristic that differentiates 

chaotic models from traditional equilibrium models, which do approach fixed points 

(Benhabib, 1992: 3). This is one reason why the future states of chaotic systems are 

difficult or impossible to predict, as opposed to the evolution of linear systems, which are 

generally much easier to calculate (Kellert, 1993:4).  

However, chaotic systems are still deterministic, meaning that initial conditions 

and the equations governing the system completely determine future behavior. Thus, any 

erratic feature of the system is a consequence of its nonlinearity instead of random inputs 

or noise (Strogatz, 1994: 323-324). Therefore, chaotic systems may appear to be random 

or disordered, but are actually governed by a hidden structure (Hilborn, 2000:6). We will 

see later that this aspect of chaos is useful for circumnavigating the problem of 

determinism in the traditional models of entrepreneurship.  

Finally, sensitivity to initial conditions implies that small changes to the starting 

state of a chaotic system can lead to highly divergent pathways and outcomes. A common 

analogy for this sensitivity involves a butterfly in China causing a tornado in Oklahoma 

(Baumol and Benhabib, 1989: 92). The way chaotic systems may seem to be teetering on 

a knife edge has caused “chaos” to be used as a synonym of “instability.” An unstable 

system will never reach a point where it opposes minor disturbances (Kellert, 1993: 4). 

However, it is important to recognize that not all unstable systems are chaotic. There 

exist many systems that go to infinity or demonstrate rapid splitting of nearby 
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trajectories, yet are not chaotic (Strogatz, 1994: 323-324). In fact, systems which simply 

“blow up” or go to infinity are not particularly useful in modeling entrepreneurship. It is 

unlikely that an entrepreneurial act will cause real-world parameters to go to infinity. We 

are interested in behavior which is sudden and unpredictable, but is at least somewhat 

bounded.  

With a firmer grasp on chaos, it is possible to explicitly draw parallels between 

chaos and entrepreneurship: 

1. Nonlinearity arises from interactions between different components of a system 

(Strogatz, 1994: 9). Dampening forces (or negative feedbacks) diminish the impact of 

variables and tend to bring the system back to equilibrium, while amplifying forces (or 

positive feedbacks) tend to exponentially amplify small changes. The relations between 

these competing forces give rise to chaotic behavior, which may appear erratic or random 

(Forgues and Thiétart, 1995: 20). This aspect of nonlinear systems mirrors the 

institutional stability and the potential for entrepreneurially-caused instability that Jakee 

and Spong posit.  

2. Chaotic systems are characterized by high sensitivity to initial conditions, 

sometimes referred to as the “butterfly effect.” Because of this feature, miniscule changes 

in initial conditions may result in highly divergent outcomes. This feature of chaos 

mirrors the unpredictability of Jakee and Spong’s entrepreneur. Specifically, initial 

conditions are analogous to the initial environmental or institutional parameters that are 

potentially disrupted by entrepreneurial actions. Thus, systems with slightly different 

initial environments or institutional rules may react very differently to the same 

entrepreneurial action.  
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3.  However, the system may settle down into a new stability, or at least hover 

around what is referred to as an “attractor,” just as any economic system might after 

being shocked by an entrepreneurial action (Strogatz, 1994: 324). Again, this aspect of 

chaotic systems mirrors the entrepreneurial process as described by Jakee and Spong, 

where a system finds a new post-shock stability.  

4. The features of chaotic systems often make long-term prediction impossible 

(Nijkamp and Reggiani, 1995: 184-185). Again, this is analogous to Jakee and Spong’s 

theory, where a small entrepreneurial action has the potential to disrupt existing equilibria 

and give rise to new stabilities. Still, just as in the case of the entrepreneur, changes in a 

nonlinear system are entirely determined by prior events (Strogatz, 1994: 324). 

 

C. Bifurcations 

Another important aspect of chaotic systems is their tendency to bifurcate. In general 

terms, bifurcations occur when the underlying dynamics of a system suddenly change as 

parameters vary (Strogatz, 1994: 44). In particular, bifurcations occur at those parameter 

values where there is a change in the system’s qualitative properties. It is because of 

these sudden qualitative changes that nonlinear analysis is needed. If a chaotic system 

operates at a stable point and under normal conditions, the operating point may vary 

smoothly with changes in the system’s parameters. In this case, the variation can be 

traced by “local,” linear analysis that only involves behavior around the stable point. 

However, the linear analysis breaks down when a bifurcation occurs, and system-wide 

changes take place. Bifurcations necessitate more “global,” nonlinear analysis that 

examines the system as a whole.  
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Many types of bifurcations exist. Some are local, involving the system’s behavior 

around a fixed point or limit cycle. Others are global, involving “larger scale behavior in 

state space” (Hilborn, 2000: 541). Physical examples of bifurcations are often seen in 

phase changes, as when a substance changes from a solid to a liquid, or from liquid to 

gas. This occurs when the temperature of a material reaches a certain threshold, and its 

chemical structure suddenly becomes unstable. The substance then restructures itself into 

a more stable configuration (Blundell and Blundell, 2006: 322). Another chemical 

example is the addition of a catalyst to a solution. The presence of the catalyst alters the 

nature of the solution by orienting the different substrates into an optimal configuration, 

which in turn determines which of several potential reactions take place (Berg, 

Tymoczko and Stryer, 2007: 205). 

For a simple mathematical example of a bifurcation, consider the equation 

�� = � + ��. Assume that � represents the location of a particle; namely the distance of 

that particle from zero. It follows that ��  is the velocity of the particle. For positive values 

of ��  (that is, values above the x-axis) the particle moves to the right, while for negative 

values (those below the x-axis) the particle moves to the left. We represent this 

movement as a vector field of arrows in the graphs below, where the equation �� = � +

�� is plotted.



 

 

 

 

 

 

 

 (a) 0<k  

 

(b) 0=k  

 

(c) 0>k  

 

 

Figure 2: Simple Bifurcation 
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In Figure 2(a), the parameter k takes a negative value. Note that there are two places 

where the curve intersects the x-axis. These are the solutions to the equation. Let us first 

focus on the leftmost solution of Figure 2(a). Recall that any particle located on the 

parabola above the x-axis will move along the parabola to the right. However, when the 

particle passes below the x-axis, ��  becomes negative. When this occurs, the particle is 

drawn to the left along the parabola, bringing it back to the x-axis. A little thought reveals 

that the leftmost solution is an “attractor,” because particles on nearby points will be 

attracted to it. Once on the solution, there is no tendency for the particle to deviate from 

its position. It is for this reason that the solution is referred to as a “stable” point. 

Following the convention of Strogatz (1994), we depict this stable point with a closed 

circle. 

Now let us consider the rightmost point of Figure 2(a). The same situation exists, 

except for the fact that the slope of the parabola is reversed within the relevant range. Let 

us assume that we start on the x-axis, where �� = 0. At this point, the velocity of the 

particle is zero, so there is no movement. Now let us imagine that something disturbs the 

particle, causing it to rise slightly above the x-axis. Since the particle now has a positive 

velocity, it will move to the right along the parabola. Because the parabola is upward 

sloping in this region, this rightward movement will also increase the particle’s velocity. 

Soon, the particle will be whisked away to infinity.  On the other hand, if the disturbance 

causes the particle to fall below the x-axis, the particle will be pushed away to the 

leftmost solution. Thus, an infinitesimal disturbance to a particle at the rightmost solution 

will cause the particle to accelerate away from that solution.  For this reason, we call the 



  

24 

 

solution “unstable.”  Furthermore, any particles located close to, but not on, the rightmost 

solution, will be pushed away. Consequently, the solution is called a “repellor.”  We 

depict this solution with an open circle. 

Something interesting occurs as we increase the value of the parameter �: The 

two solutions in Figure 2(a) are gradually drawn closer together. This is normal, 

predictable behavior which can be described by linear techniques. As long as we know 

the equation of the parabola, and how k is varied, we can easily describe how the 

solutions change. However, when k reaches a value of zero, the two distinct solutions 

suddenly coalesce into a single point, as shown in Figure 2(b). If the particle situated at 

this new solution moves to the right, it is brought back to its original position. On the 

other hand, if it moves to the left, it will be whisked away to infinity. Therefore, we call 

this solution a “half-stable” point, and depict it with a half-open circle. Let us consider 

what has just occurred. By slowly varying the value of a parameter, k, in this case, the 

system has changed from having one stable solution and one unstable solution to a 

system with a single, half-stable solution. It is this qualitative change in the system which 

is called a bifurcation. 

 To witness another bifurcation, consider what happens if we continue to increase 

the value of k. As soon as k becomes a positive number, the parabola does not intersect 

the x-axis at all. It therefore goes from being a system with a half-stable solution to a 

system with no solutions at all. This example gives a simple illustration of how a change 

in parameters may alter the structure of a system. It is precisely these characteristics we 

employ to explain the sudden, global changes brought on by entrepreneurial activity.  
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IV. Nonlinear model of entrepreneurship 

Section IV ties our conception of the entrepreneurial process to the characteristics of 

chaotic systems. The section begins with a review of Puu (2003), from whose work we 

draw some key concepts. It then demonstrates how we apply these ideas to 

entrepreneurship.  

 

A. Literature review of Puu 

Our work draws on Tönu Puu’s Attractors, Bifurcations, & Chaos (2003). This work 

edifies the basic principles of nonlinearity and chaos, and applies these to economics. The 

applications include monopoly, duopoly and oligopoly, business cycles, and trade. Of 

particular importance to our work is Chapter 12, which uses chaos to describe economic 

development.  

According to Puu, economic development is characterized by increasing 

complexity and specialization (Puu, 2003: 471). He points out that while the 

characterization of economic development is most frequently associated with 

quantitatively more goods, services, population, etc., it is more interesting to study a 

development process’s qualitative increases in specialization and complexity (Puu, 2003: 

471). Puu suggests that a starting place for examining these qualitative changes is with a 

development tree like used by Darwin to show the evolution of simple organisms into 

more complex creatures (473). He offers as an example the primeval tools of ancient 

man, who may have used a single stone tool to cut, scrape and saw. Over time, it became 

advantageous to make more specialized stone tools that evolved into cutters, scrapers, 

and saws. These gave up some of their versatility, but were able to perform specialized 

tasks more effectively (473-474). 
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Puu suggests that specialization follows a “curious natural law”: that specificity of 

operation increases effectiveness of the tool’s primary function at the expense of its 

effectiveness at its secondary function (476). It is also true that if a number of specialized 

tools are brought together, total effectiveness is increased (476). What drives the 

specialization of tools? Puu claims that the evolution does not proceed according to a 

deliberate plan. Instead, an increase in the need for a better sawing tool gives rise to more 

specialized saws (477). The evolution of the saw may not be a continuous function, but 

instead a series of sudden evolutionary jumps, perhaps as certain technological thresholds 

are met (479). We perceive certain similarities between the sudden jumps in the evolution 

of tools and the entrepreneurial process, which may also result in sudden changes to an 

economic system. These parallels allow us to use the same type of thinking employed by 

Puu to describe the entrepreneurship using concepts of nonlinearity and chaos.  

 

B. Lancastrian goods 

It is important to note that Puu thinks of the evolution of tools as movement through a 

vector space (Puu, 2003: 478). This is tantamount to adopting a “Lancastrian” view of 

goods. To understand the Lancaster’s contribution, let us consider how we usually think 

of goods. It is customary to think of goods as discrete physical units which supply utility 

upon consumption. Put another way, an individual’s utility U is a function of a vector of 

goods G given by 

 
 = �().  (1) 

For example, an individual’s utility function might look like 
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 = �(������, �������, ��������). (2) 

 

This assumption was challenged by Lancaster, who argued that demand for goods is 

actually driven by their intrinsic characteristics (Lancaster, 1966: 133). Therefore, 

consumers are interested in the properties of goods, rather than the goods themselves 

(Mark, Brown, and Pierson, 1981: 33). For example, the demand for an apple might be 

determined by its characteristics of color, weight, taste, texture and so on. Consequently, 

utility is a function of collections of characteristics given by 

 
 = �(�), (3) 

 

where C represents various characteristics relevant to a consumer. In the case of fruit, 

utility can be represented as 

 
 = �(sweetness, texture, ease of peeling, ...). (4) 

 

Thus, a fruit, or any other good, is reduced to a bundle of characteristics. The Lancastrian 

view allows us to represent a good as a point in space, where the coordinate axes are 

determined by the characteristics of goods. To illustrate this point, let us assume that a 

tool is a vector of two characteristics: cutting ability, and scraping ability. Then we may 

plot various tools in a two-dimensional space R
2
: 
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Figure 3: Tools in a Lancastrian Space 

 

Each tool can be written as a vector 

 ��� = (�1, �
2 

)
,
 (5) 

 

where �! and �� represent properties, which in our example could be ability to scrape and 

cut, respectively. Lancaster assumes that these intrinsic characteristics exhibit 

vectorspace properties, namely the addition of vectors and multiplication of vectors with 

scalars. In non-mathematical terms, Lancastrian goods have linear homogeneity, that is, 

doubling the number of goods doubles the characteristics of that good (Mark, Brown, and 

Pierson, 1981: 34). For example, having two identical cars yields twice as much power, 

design, interior space, etc., as owning one car.  

We then calculate the functionality �"  of a collection of such tools by summing 

the vectors multiplied by the quantity �# of each tool:  
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Tool 2 

Tool 3 

R
2 



  

29 

 

 �� = ∑ �����

�=�
�=1 . (6) 

 

This merely means that given a workshop full of scrapers and knives, it is possible to add 

up the total scraping and cutting ability present. The “amount” of each characteristic �" in 

a given tool (for example, how well it can saw) may change over time, perhaps as the 

result of conscious effort. This may create new uses for the implement. For example, the 

prohibitively large size of early computers greatly restricted their application. However, 

over time advances in technology made it possible to manufacture much smaller PCs. 

This decrease in the size parameter of computers opened up a wide range of new 

functions.  

 

C. Entrepreneurship 

Keeping Puu’s ideas in mind, we are able to make more explicit connections between 

chaos theory and entrepreneurship. Recall the characteristics we wish to capture: 

1. Jakee and Spong view the world as a complex place subject to forces of stability 

and instability. Forces of stability include formal and informal institutions that reduce 

uncertainty (2003a: 131). Entrepreneurship, according to Jakee and Spong, is a source of 

potential instability, as they necessarily defined it as creative acts that have the potential 

to alter institutions and increase uncertainty. Yet, they also suggest that it can be a source 

of stability when entrepreneurs respond to destabilizing environmental conditions. 

2.  The conflict between forces of stability and forces of instability can allow a small 

creative entrepreneurial action to cause a sudden, dramatic shift away from a stable point. 
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3. After entrepreneurial action and a shift from the pre-existing stability, the 

environment eventually reaches a new stability.  

4. The direction taken by the economic system after these initial entrepreneurial acts 

are impossible to determine ex ante (Jakee and Spong, 2003a: 126-127, 133).  

5. Another possibility is that the system continues on the same trajectory as it would 

have without the entrepreneurial instigation; in other words, their approach seeks to 

explicitly account for entrepreneurial failure. 

6.  A final significant characteristic of entrepreneurship is that similar 

entrepreneurial actions are unlikely to ever lead to the same end result, due to small 

variations in the environment within which they take place.  

These characteristics are difficult to model using traditional methods better suited to 

describing gradual, predictable changes (Thiétart and Forgues, 1995: 20). However, we 

notice that these features of entrepreneurship correspond to the characteristics of chaotic 

systems. With this in mind, let us examine a subject which involves the entrepreneur: 

optimal design. Through this we will see how chaos mirrors sudden innovation.  

 

D. Optimal design 

Suppliers endow their products with various characteristics in order to match the 

preferences of consumers. For example, let us reconsider the case of the automobile. 

Recall that the auto may be simplistically represented as a vector of characteristics. For 

simplicity, we will focus on two dimensions. Then we may write the vector of automobile 

characteristics as 
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 ��� = (�1, �2 
)

.
 (7) 

In this instance, we will assume that �! and �� represent comfort and styling, 

respectively. Then we may plot different automobiles in a two-dimensional space R
2
, as 

in Figure 4. Notice that automobile one has a relatively high amount of comfort, while 

automobile two has more styling. 

 

 

 

 

 

 

 

 

 

  

 

 

 

Figure 4: Optimal Design of Automobiles  

 

At any given time, car manufacturers will assess consumer demand and attempt to 

produce cars with the levels of these characteristics that match consumer preferences. 

That is, manufacturers will strive for the “optimal” car design given by the specific vector 

�"# = (�!
∗ , ��

∗) that best serves the needs and wants of consumers, at a given point in time, 

subject to production costs. In a sense, the point of optimal design is a point of stability in 

the automobile industry. This stable point is analogous to an equilibrium in standard 

microeconomic theory. 
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E. The fast dynamic 

Now, we take a closer look at what actually drives producers towards the optimal design. 

As alluded to previously, optimal design is influenced by the price of materials needed to 

produce the good in question, as well as other characteristics of the macro environment 

(Puu, 2003: 487). In the example of the automobile-manufacturer, if the color red comes 

into fashion, and the most affordable material for making automobiles is steel, we would 

expect to see manufacturers move in the direction of producing red, steel cars. 

Manufacturers producing blue, aluminum cars should see the potential to increase profits 

by shifting their design. Thus, because production gravitates towards optimal design, we 

can think of the point �"# = (�!
∗ , ��

∗) as an attractor, or “equilibrium” of sorts. We may 

represent movement towards these attractors with a dynamical system: 

 �� � = &�(�1, �2, �),    � =

1, 2, 

(8) 

 

where F is a function that describes how a firm changes its production of automobiles. 

Movement, or incremental innovation, continues until the object reaches the optimal 

design, at which point  

 �� � = &
�
(��� (�), �2�(�), �) ≡

0,    ∀�, �. 

 

(9) 

Puu refers to this process as the “fast approach” or “fast dynamic” to the optimal design 

(Puu, 2003: 487). It is “fast” because we would expect manufacturers to respond quickly 

to indications that they are out of sync the point of optimal design. In order to maximize 
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profits, firms will strive to get as close as possible to the optimal automobile. In fact, this 

point of optimal design attractor is analogous to the “equilibrium” in more familiar 

microeconomic terms, the scenario being analogous to the modeling of profit maximizing 

firms with const constraints and a given level of technology. Therefore, the fast dynamic 

can be described using the linear mathematics of traditional economic theory. In Figure 5, 

below, the “fast dynamic” is represented by movement towards optimal design, denoted 

by the solid point labeled A. Note that this standard microeconomic equilibrium acts as 

an attractor to non-optimal points B though E.  

 

 

 

 

Figure 5: The Fast Dynamic 

 

To think about the fast dynamic another way, recall our discussion of stable points in the 

context of bifurcations. The point of optimal design is similar to the leftmost solution of 

the function depicted in Figure 2(a). In that example, any deviation away from the stable 

point was met with a force that would send the deviation back to the starting position. 

This result was driven by the particular vector field in which that function was plotted. 
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The difference here is that pressure towards the stable point comes from the profit motive 

itself. 

 

 

F. The slow dynamic 

Having discussed movement towards optimal design, we move to investigate how the 

point of optimal design itself changes over time. Why does this occur? Fundamentally, 

we expect the optimal design to change as the optimal characteristics vary over time. For 

example, in our previous example, we assumed that at any given point, a single optimal 

design, �"# = (�!
∗ , ��

∗), exists, where �!
∗ and ��

∗  represent optimal levels of comfort and 

styling. As the optimal levels of �!
∗ and ��

∗   change, the array of potential optimal designs 

will trace out a curve. This process is depicted in Figure 6 below, which shows how a 

point of optimal design 1D  changes over time until the new optimal point 2D is reached. 

 

 

 

Figure 6: The Slow Dynamic 

 

Puu refers to the process by which optimal design changes over time as the “slow 

dynamic” (Puu, 2003: 487). We have seen that the change in optimal design is caused by 
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variation in the characteristics relevant to the optimal design. The question now is what 

causes this variation? The alteration in characteristics is partially driven by changes in the 

environment in which the good is used (Puu, 2003: 487). For example, as road quality 

improves over time—perhaps as asphalt replaces dirt or brick—the optimal design of 

automobile suspension may change.  

Changes in the environment are modeled as changes in the parameters of the 

system. Recall our example in Figure 2, where changing values of k changed the 

solutions of the system. Since the optimal characteristics �!
∗  and ��

∗  are solutions to a 

maximization function, we would expect variation in an environmental parameter to 

change these solutions. In the example of changing road conditions, the environmental 

change causes a change in the comfort variable �!
∗. The change in �!

∗ will cause the 

optimal design point to shift. Over time, as the variables �!
∗ and ��

∗  continue to change, 

the optimal design point (�!
∗ , ��

∗) will trace out a curve like the one in Figure 6. 

 

G. Bifurcations, the entrepreneur and the slow dynamic 

Up to this point, we have discussed the evolution of optimal design via the slow dynamic 

as if it was a gradual process of incremental changes in optimal characteristics. In many 

instances, this may actually be the case. Institutions change slowly over time in the 

absence of shocks. Automobile design is also expected to change over time due to 

exogenous changes in consumer preferences. Therefore, in the absence of environmental 

change or entrepreneurial shocks, optimal design may change.  

However, it is apparent that the characteristics of goods are often punctuated by 

sudden shifts. How can we explain these rapid changes? As mentioned previously, 
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economics has traditionally relied on the existence of purely exogenous shocks to account 

for such events. There is nothing inherently wrong with this; as noted in Section III, 

sudden shocks and other exogenous changes certainly do occur and may account for 

rapid changes in optimal design. However, our goal is to explain some of these jumps as 

the product of entrepreneurial action, thereby offering an endogenous explanation for the 

way economic systems evolve. We find this endogenous explanation in our 

understanding of the entrepreneur and bifurcations.   

We propose that the slow dynamic is also driven, at least in part, by 

entrepreneurial acts. By revealing a different way of doing things, the entrepreneur may 

also cause the optimal level of one or more relevant characteristics to suddenly change. 

For example, an entrepreneur may discover a way of manufacturing automobile bodies 

with thinner sheets of steel, thereby allowing for desirable, but previously impossible 

styling features. By altering perceptions of what is possible within the realm of 

automobile styling, the entrepreneur may cause the optimal design to suddenly shift. In 

essence, the effect of the entrepreneurial act is identical to a sudden change in the 

environment that we have just discussed. In fact, it is possible to think of the entrepreneur 

causing a sudden change in environment. 

It is also possible that even a small variation in parameters caused by an 

entrepreneur may prompt a larger systemic change. The key to this understanding is the 

fact that if a parameter reaches a certain threshold, a sudden change in the optimal value 

of �!
∗  or ��

∗  may be triggered. This occurs because the old optimal design is no longer 

suitable for the new environment, and the once-stable equilibrium suddenly becomes 
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unstable. In other terms, the old optimal design goes from being an attractor to being a 

repellor. 

 It is easy to see the usefulness of modeling this process as a bifurcation, where a 

change in parameters triggers a sudden change in the solutions of a system. In this case, 

the change in parameters is manifested in a sudden change in environment, perhaps due 

to the action of an entrepreneur. Similarly, the disappearance of an old solution takes the 

form of a change in the optimal design.  

Another interesting aspect of this real-life bifurcation is that the death of one 

stable point may coincide with the creation of one or more new stabilities. In other words, 

when the old equilibrium or optimal design becomes unstable and turns into a “repellor” 

it may be replaced by several new attractors. Thus, a manufacturer producing at the old 

optimal design will suddenly find itself operating at a non-optimal point. Then, if new 

optimal design points appear, there will be an incentive to move towards these new 

points.  The situation is identical to that of the fast dynamic, since manufacturers are 

moving towards equilibrium in order to maximize profits. Figure 7, below, shows the 

optimal design evolving slowly, until it suddenly becomes an unstable point. This is 

represented by the open circle, labeled A. Simultaneously, three new stable points appear, 

as denoted by the filled circles labeled B, C and D. The fast dynamic, represented by 

dashed lines, will now go to one or more of these points. It is in this way that a slowly 

evolving optimal design may suddenly shift. 
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Figure 7: A Closer Look at the Slow Dynamic 

 

H. Hidden dimensions 

Notice that in previous examples, we have only considered two relevant characteristics 

(comfort and styling in the case of the automobile), which has allowed us to plot 

characteristics in two dimensions. This was done partially for the sake of simplicity. Of 

course, the automobile has a multitude of relevant characteristics which determine its 

optimal design, so the plot would realistically have many dimensions.   

We assert that we can fruitfully model the creative aspect of the entrepreneurial 

act as an additional characteristic dimension that is hidden from most individuals. For 

example, in the previous two graphs, the axes correspond to comfort and styling. While it 

may appear that the optimal design is determined only by these characteristics, it may in 

fact be influenced by a third, hidden, axis. This hidden axis could be a more abstract, 

non-obvious characteristic, like auto financing. Financing was in fact an important 

innovation in automobile history. At first, automobiles could only be afforded by the 

relatively well-off, since their prices often represented a year’s wages for a factory 

worker. The idea of making smaller payments for a car over time suddenly made 
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automobiles accessible to a much larger number of people. Thus, some of the seemingly 

inexplicable changes in the path of automobile design may begin to make more sense 

once we account for such additional axes.   

 

 

Figure 8: A Hidden Dimension 

 

Figure 8, above, illustrates how financing may influence the path of optimal automobile 

design. It is interesting to consider compressing the curve into two dimensions, so that it 

appears that the path only reflected comfort and styling. This would result in the curve 

appearing to be contorted. By stretching it into three dimensions, these contortions 

become less severe. Presumably by including more than three dimensions would reduce 

the contortions even more, although this is impossible to envision graphically. 

We propose that this perspective allows us to model the entrepreneur as able to 

perceive a greater number of dimensions than other individuals. By operating in a 

different space than others, she may be able to perceive different solutions to problems 
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and come up with innovative ways of doing things. As far as we are concerned, in the 

present context, the entrepreneur’s ability to “recognize” these hidden dimensions may be 

because of superior mental capacity, à la Kirzner, or it may be because of reduced 

capacity, which simply allows the entrepreneur to perceive her world differently. Or, it 

may be due to pure chance. In any case, adhering to Jakee and Spong’s definition of 

entrepreneurship as a creative break from routine allows us to sidestep these issues, and 

indeed shift attention from the psychological characteristics of the entrepreneur, the 

latter, we believe being particularly unhelpful in modeling the broad sweep of the 

entrepreneurial process. It is as if the entrepreneur lives in another world, and is able to 

recognize the hidden factors which are really driving change in optimal design.  

Furthermore, if an entrepreneurial action catches on, i.e., forces a new set of stable 

attractors, the existence of new dimensions may become more widely known. This could 

destabilize institutions, as individuals’ perceptions of the “space” or environment in 

which they operate is fundamentally altered by knowledge of a new dimension. 

Another interesting aspect of explaining the path of optimal design through chaos 

and bifurcations is the fact that the actual path of optimal design is by no means “fixed” 

in an ex ante sense. It is entirely possible that there were junctions, historically, where the 

path bifurcated in one direction and not others. This is illustrated in Figure 9 below by the 

dotted lines, which represent potential paths that could have been taken, as opposed to the 

solid line, which represents the actual path.  
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Figure 9: One path among many 

 

Such instances of splitting along the path of optimal design occur at the bifurcation points 

we have already described, and which are sketched in three dimensions in Figure 10, 

below: 
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Figure 10: Bifurcations in the path of optimal design. 

 

Here the unstable, open point, A, will go to one of the new stabilities, labeled B through 

E. Under different environmental circumstances, different stabilities would likely have 

become the actual historical path.  

It is important to note that the actual path taken is not a random phenomenon. 

Recall that we are concerned with deterministic systems, whose behavior is entirely 

determined by initial conditions and the laws governing the system. Thus, if one were to 

go back in time, not altering anything, the path would evolve in exactly the same way as 

was historically observed. However, if one were to slightly change the initial conditions 

or environmental parameters at some point during the development process, a very 

different and unpredictable route might be traced. It is for this reason that “chaotic” 

entrepreneurship is impossible to determine ex ante, although from the ex post 
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perspective it might appear obvious that things evolved the way they did. This 

perspective accords perfectly with the one proposed by Jakee and Spong (2010). 

 

V. Reconciling Schumpeter and Kirzner 

Our model offers an endogenous explanation of economic change through the use of the 

entrepreneur and nonlinear dynamics. To what extent does our theory break with those of 

Schumpeter and Kirzner? While our model does chart new territory, importantly it shares 

characteristics with both Schumpeter’s and Kirzner’s work.  

 

A. Schumpeter 

We basically adopt Schumpeter’s assumption that economic systems tend to be in 

stability, and are shocked out of this stability by entrepreneurial action. This development 

gives rise to new stable points, and it is in this way that the entrepreneur drives economic 

growth. A little thought reveals that this process is similar to Schumpeter’s theory of 

creative destruction, in which the entrepreneur simultaneously destroys existing ways of 

doing things while simultaneously creating new methods or industries. Therefore, our 

approach is essentially compatible with the Schumpeterian view of entrepreneurship.  

 

B. Kirzner 

Our portrayal of the entrepreneur also shares some similarities with Kirzner’s ideas. 

Specifically, the idea that entrepreneurs are aware of more dimensions than the average 

individual would appear to be tantamount to the entrepreneur possessing the perceptive 

“alertness” that Kirzner wrote about. However, our model also breaks from Kirzner, who 

believed that the entrepreneur moves non-optimized markets towards equilibrium by 
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eliminating inefficiencies and engaging in a type of arbitrage. In our model, the 

entrepreneur destabilizes existing equilibria by altering some relevant parameter or 

parameters. This turns the stability into a repelling instability, while giving rise to new 

instabilities. The system will now move to one of these new stable points via the linear 

dynamics of the fast process. So the system does move to equilibrium, but this fast 

process is not necessarily driven by the entrepreneur. In fact, the fast process may only 

involve the traditional actors of that market or industry reacting to the change in 

conditions brought about by the entrepreneur.  

Our model therefore suggests that the primary role of the entrepreneur is to create 

change that others react to. This follows from our assumption that entrepreneurs act to 

shock systems out of equilibrium, as discussed in the previous subsection on Schumpeter. 

However, our framework also permits another possibility: entrepreneurs can also be 

modeled to react to exogenous changes in the environment. An exogenous shock may 

create opportunities that the entrepreneur is able to take advantage of. By doing so, the 

entrepreneur may move the system to new stable points. Thus, our model allows for the 

Kirznerian possibility that entrepreneurs shift economic systems from disequilibrium to 

equilibrium.  

 

VI. Conclusion 

 

This paper has attempted to address an important gap in economic theory by offering a 

model of the entrepreneur. We have posited that the lack of entrepreneurial literature is 

largely due to economics’ traditional reliance on linear mathematics, which are not well 

suited to describing the entrepreneurial process. This paper has suggested a way out of 

this state of affairs by demonstrating how entrepreneurship bears some marked 
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similarities to nonlinear dynamical systems. These features can be used to capture some 

important facets of entrepreneurship, including the way entrepreneurship may destabilize 

existing stabilities, the unpredictability of entrepreneurial activity, and the seemingly 

random processes that follow entrepreneurial action. 

We have only provided a basic outline of how nonlinearity can be used to 

describe entrepreneurship, and there is undoubtedly a great deal of work left to do. It 

would be interesting to examine historical examples of entrepreneurship and attempt to 

describe what occurred in more quantitative terms. The ultimate goal might be to 

discover the nonlinear system of equations that govern an economic system.  
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