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Abstract

In order highlight the non-steady state and real world dynamics associated with competitive innovation we develop
a model involving choice of product quality in a simple duopoly characterised by two key departures from the
dominant framework of quality ladder: first, we consider firms who refrain from maximising short-run profits.
Instead, firms are started their function or action by their long-run goal of survival and growth. Secondly, we
introduce the full-cost pricing model as opposed to market clearing prices. Based on these two key features we are
able to derive the dynamics that can characterise the evolution of product quality in the non-steady state. We
establish that the presence of an unstable equilibrium creates a threshold effect, which can also give rise to either
a virtuous or vicious, path of quality choices. We further show that the quality dynamics can exhibit chaotic
behaviour. As a consequence, firms become unsuccessful to see systematic errors. Firms also become
unsuccessful to make long-run predictions with certainty even though they act in a deterministic world. The
corollary is that time profiles will separate exponentially and these time profiles begin very close together. We
offer interesting simulations to support the theoretical findings.

Keywords: regions of instability, full-cost pricing models, Chaotic dynamics
1. Introduction

High-tech products have, in recent years, assumed paramount significance in the prosperity of nations. These
products seriously impinge on the quality of life for millions. Autos, health merchandise, the internet and PCs are
among a wide array of products that have long gone high-tech. The quality of these products is ever-changing as
new products regularly replace old products. The quality of a product also poses serious challenges to a firm as its
long-run survival and growth are intrinsically predicated on its ability to compete with rivals in quality.

We examine the quality competition in a novel framework: in our framework a typical firm is assumed to be a
duopolist (can be easily extended to an oligopolist) with a particular internal structure and group of investment
necessities that are hinged upon their long-run goals of survival and growth (Arestis & Milberg, 1994). Our
proto-type firm is therefore different from the postulated firms of the steady state framework of quality choice that
assumes firms to be solely driven by their short-term goals of profit-maximization along the steady state path. In the
existing literature the standard model of innovation assumes that the product development, or progress, takes
place along a pre-existing quality ladder. An innovator is actuated by ex ante excess, or monopoly, profits that
the innovator expects to acquire at each rung of the quality ladder. There is a fixed cost of innovation and an
innovator, hence, jumps from one rung to the next only when the ex ante excess profits can outweigh the
exogenous fixed costs. For more than seven decades, since it was first advanced in Schumpeter (1942), the
standard model has been the primary tool in order to explain the dependence of technology progresses on
economic fundamentals such as patience and cost (Boldrin & Levin, 2009). This model of innovation has been
used as the propelling force behind economic growth in the models of Romer (1990), Grossman and Helpman
(1991), and Aghion and Howitt (1992), among other. The important issue of technological diffusion across space
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has been examined in Hopenhayn (2006) by using this primary tool of competitive innovation in the context of
the quality ladder.

A recent innovation in the research on innovation has addressed the question of opportune timing of innovation
as undertaken by Boldrin and Levin (2008): they develop a theory of competitive innovation in which we
introduce new ideas only when diminishing returns to the use of existing ones are happened. Once a new idea is
introduced, the knowledge capital associated with such a new idea expands, and its value falls. Once the value
falls far enough, it becomes profitable for firms to introduce a new idea to cover the fixed cost of adopting the
new idea. Both the traditional Schumpeterian theory of innovation and the subsequent developments by Boldrin
and Levin (2008, 2009) are rooted in the steady state of the postulated dynamics of innovation. In the existing
framework the optimal innovation is given by the equality of the net return from innovation to the subjective
interest rate of an innovator. The main drawback of the steady state analysis of the quality ladder is that there is a
paltry attention accorded to the question of whether agents can come to share the steady state expectations. In
other words, the convergence on the ex ante steady state is given a short shrift.

The relevant question for us is whether agents are capable of reaching the steady state. The main contribution of
the current paper is to develop a model to understand the dynamics of innovation by agents and to examine
whether agents can reach the steady state from an arbitrary starting point. The main problem with the dominant
strand of research on innovation is its sole reliance on the steady state equilibrium analysis as a tool of investigation.
However research and development, and product innovation continually alter product quality. Product innovation
thus embraces a very dynamic field that is, in turn, influenced by bubbles of expectations, desires for market
domination and a constant quest for survival. It thus seems that the equilibrium approach to modelling product
quality ignores various important facets of this arena of research.

One may like to argue that the steady state analysis is a general weakness of the modern industrial economics. In
other words, industrial economists typically draw their attention on economic models with regions of local stability
on the assumption that the regions of instability are of little significance but rather more of a pathological case. The
main justification for using the equilibrium analysis can pivot on the simple fulcrum that industrial economics does
not address exploding time paths of any significant industrial variable. This justification is incorrect once one
considers the possibility of introducing chaotic dynamics in the literature. The development of chaotic behavior
significantly puts down the dismissal of regions of instability that can indeed generate complex, but deterministic,
dynamics within bounds. In order to understand the quality competition we consider the full-cost pricing models as
developed by Kalecki (1954, 1971), Steindl (1952) and Weintraub (1959). From the non-maximizing behaviour of
a firm and the full-cost pricing models we are able to develop a dynamic model that offers interesting findings in
the context of quality competition.

We highlight the importance of chaotic behavior in the context of industrial economics as already highlighted in
early work of Furth (1986), Kopel (1996) and Puu (1998). The major innovation of our paper is three-fold: first, we
consider the race for market domination via product quality between rivals who seek long-run survival and
growth-instead of short-run profits. Secondly, we develop a simple model to capture the dynamics and fluidity
associated with innovation and product quality from a simple model of full-cost pricing. Finally, we strain the
theory of chaos to shed lights on the time profile of product quality. Simulations are undertaken to provide support
to our theoretical findings. The plan of the paper is as follows: Section 2 offers a brief literature review and Section
3 develops the model and Section 4 provides a discussion of the findings. Section 5 document simulation results
and Section 6 concludes.

2. Related Lieterature on Quality Choice

There is no gainsaying to the fact that a lot of research on quality has already taken place in the static neoclassical
framework. Unfortunately, the research has also created some confusion, possibly due to its reliance on an incorrect
modelling framework for the problem associated with quality competition. Papers by Gabszewicz and Thisse (1979,
1980) and Shaked and Sutton (1982) developed models that indicate what levels of qualities to exist in an industry
and the number of different quality brands which are produced in an industry with free entry and exit. It has also
shown whether there is existence of any causal relationship between the degree of monopoly power of a firm and its
choice of product quality (Schmalensee, 1979). Early works by Kleiman and Ophir (1966) and Levhari and
Srinivasan (1969) argued that when firms have monopoly power they have incentives to produce goods with lower
qualities. However, Swan (1970, 1971) established the counter-intuitive result that there is no causal relationship
between monopoly power and quality. A number of papers have been triggered by the Swan s independence result
in analysing the independence result (Kihlstrom & Levhari, 1977). Here are two notions: (1) A product quality is
not often readily recognised by consumers and (2) Producers typically have more information about their product
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qualities. In light of these two notions, a number of papers pay their attention to the problem of asymmetric
information and signalling issues (Wolinsky, 1983). Within the neoclassical framework, it is hence very unclear
how product qualities evolve over time.

The explicit modelling of quality variation in markets characterised by asymmetric information, which causes
market thinness, was initiated in the classic paper by Akerlof (1970). The classic lemons model is static. The
distribution of quality and hence the average level of quality is exogenously determined in the model, which is
not a good representative of modern markets where sellers can choose and commit to the level of quality of their
product and will change their choices over time as the market evolves. Furthermore, the Akerlof’s results are
substantively different even though one allows for endogenous quality choice, which is expected to generate a
unique and stable equilibrium as in Hopenhayn (1992). The reason for this is that costly investment becomes
attractive even if one-shot gains are lower due to the future expected payoffs. In contrast our model does not use
a perfect foresight hypothesis of Hopenhayn (1992) and allows firms to adopt a “groping” strategy, instead of an
instantaneous (intertemporal) optimization strategy, for choosing quality and altering quality choices over time.

Our model of quality choice has predecessors in the form of endogenous quality choice that is shown in the
Industrial Organization (IO) literature (Shapiro, 1983, for example). These models usually use account to sustain
equilibria involving investment in quality that involve one period losses. In other words, these models rely on the
long-term optimization by firms in the choice of quality while firms are endowed with perfect foresight: in
contrast, our firms choose quality not in the static optimization framework. We rather analyse an environment
where quality can evolve through time, yet there may not arise a steady state to the dynamic path of evolution. It
is important to note that there is a serious weakness that the IO models have: demand is not endogenous in these
reputation models because of which one can get a unique outcome in the models. With endogenous demand, one
can show that the uniqueness result no longer holds. It is true that multiple equilibria models are no longer new
in economics literature, but the multiplicity of equilibrium can create serious problems for equilibrium selection.
In the static version of our model also, one can derive a special case of multiple equilibria, which is however not
the concern in the current paper since the focus of ours is overtly dynamic.

For obtaining a case of multiple equilibria in the context of product quality, one can introduce some of the
enduring features of most multiple equilibria models, in particular, exhibiting strategic complementarities
(Cooper & John, 1988; Cooper, 1999). However, all of these models are usually static in nature and have an
increasing returns property inbuilt either in the matching technology (Diamond, 1982) or in players’ payoff
functions. In other words, these pure coordination models represent one-shot games in which current actions are
not determined by future expectations.

In contrast, our model does not have an increasing returns property and our model introduces an expectational
operator to drive the evolution of quality. In its focus on multiplicity of equilibrium for explaining
underdevelopment, this also relates to the work of Murphy, Shleifer and Vishny (1989). However, authors do not
introduce the intertemporal context of firm behaviour, nor can they be used to analyse the interaction of the
supply of high quality goods and its demand. Many of previous literature suggested that calculations about the
future and comparison of current gains with future losses should be made a part of a typical firm’s optimising
behaviour-in other words one should externally choose the value attached by different firms to current payoffs as
against future payoffs. It is an interesting idea but we do not attempt to understand the time profile of quality
choices when firms have different discount rates for future profits. Instead, in this paper, we explicitly model the
quality dynamics from the adjustment behaviour of decision-makers without any explicit consideration of
discount rates. In the simulation we also demonstrate how the quality dynamics evolves over time.

The money literature has presented endogenous quality models as well. The previous authors purpose is,
however, to examine how money acts as a uniform quality good and its effect in reducing uncertainty on quality
and therefore on the supply of high quality goods and welfare (Williamson & Wright, 1994; Bernsten &
Rocheteau, 2004). Once again, the focus of this literature is a purely static equilibrium and we know little about
the evolution of a single currency as a uniform quality good. Our model can be extended to explain the evolution
of rival currencies and their exchange rates and their fluctuations, which is not the concern of the current paper.

For a to some extent different type of model focusing on coordination failure leads to suboptimal equilibria
(Basu, 1986). His model asserts that different conjectures lead to different equilibria, showing how expectations
crucially determine the equilibrium. In contrast our model posits a single conjectural function and shows how a
complex behaviour can evolve from the proposed model. This interlinkage of choices across time has been
captured with a different view by Ghosh and Ray (1996) where buyers repeatedly make entry into the market
and, thus, market history matters. However their work deals with the levels of cooperation that can be sustained

41



www.ccsenet.org/mas Modern Applied Science Vol. 7, No. 52013

when bad past conduct of sellers cannot be penalised. Kranton (1996) presented another related work: It shows
how a rise in market thickness can cause alternate forms of exchange (like reciprocal exchange as a form of
cooperation) to diminish, while the extensive use of personalised exchange can itself make markets remain thin,
thus making such exchanges persist over time. In contrast to these papers, our paper focuses solely on rivalry
and not on cooperation among firms in their choice of product quality. There is an extensive literature that looks
at sustaining cooperation when there exist no official law enforcement agencies (Tirole, 1996) who mentioned a
scenario in which only one party has an incentive to cheat and Dixit (2003) in which both parties can cheat). The
role of intermediaries (though not discussed formally in this paper) is an important complementary aspect of
research, to which our model can add new dimensions. Two papers are highlighted here that examine the role of
intermediaries: Liebi (2002) and Quesada and Peyrache (2004). In our future work we have an intention to apply
the non-neoclassical framework to the issues concerning evolution of cooperation and intermediaries in the
context of choice of quality.

3. Developing a New Model of Quality Competition

We consider the simplest form of an oligopoly: a market where there exist duopolists (hereafter sellers) selling a
good to a large number of consumers. We assume consumers’ disposable income is constant and given as Y. It is
postulated that a fraction (o) of income Y is spent on this good in question. Thus, the total expenditure on this good
is aY. We do not derive the demand function from any underlying utility maximisation exercises. Both sellers sell
their goods at the same point in time. We assume that a fraction h; of oY is spent on the good sold by seller i. The
rivalry between these two sellers is introduced by this coefficient h;. We postulate that the higher the relative quality
of this product sold by seller i, the higher is the value of h;, which represents a larger share of the market for seller i.
We assume that the quality of a product can be characterised by a variable IT and the higher the quality the higher
the value of I1. Each seller therefore has an incentive to out-compete one’s rival in quality to enhance one’s market
shares and survival. We represent these ideas in the following notations:

Output sold by seller is Q;:

O, = aYh, while iV1,2 (1a)
We assume a simple linear relationship between h; and I'l; and IT;:
h =hn+7(Hi_Hj) (1b)

Equation (1b) states that the sales of seller are positively related to the quality advantage of seller i.

We assume the unit cost of production (C;) of seller i to be linear in quality variable I;:

C =4+ 41, (1c)
We assume a simple mark-up pricing rule so that the price of good sold by seller i (P;) is given by
P=M.C,=M,(B,+B]I1,) where M, >1 (1d)

This is a simple version of Kaleckian full-cost pricing as Kalecki (1971) has shown how pricing in the
manufacturing sector depends on ‘the degree of monopoly of the firm’s position. The degree of monopoly depends
on a set of environmental and institutional factors (Reynolds, 1987). We however ignore the effect of average price
of rivals on the price charged by a seller. The profits of seller i is R; that is given as

R = aY(Mi _1)[(50 +:B1}%)Hi +131H12 _(:50 +ﬂlni)nj +:30ho:| (2a)
A typical neoclassical model now performs maximization of (2a) with respect to IT; that will give the following best
response rule of seller i in terms of his product quality IT;:

I, =A+E(I,)/2 (2b)
A= _% (2¢)

where E(I1;) is the expectation of seller i of the quality of product sold (simultaneously) by seller j. We do not any
restriction on the values of IT;, it can be positive or negative or zero. What we are interested is the divergence
between IT; and IT; as the driver of quality dynamics. In order to make it economically meaningful, one may like to
consider the variable IT; as a deviation from some standard, norm, quality. The negative (positive) value implies a
chosen quality less (more) than the standard, or norm.

The deductive equilibrium approach imposes a condition here regarding the expectation of seller i as typified in the
Cournot-Nash equilibrium (Gangopadhyay, 2000), or in rational expectations models (Gangopadhyay, 1999): the
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assumption is known as zero conjectural variation that posits that seller i assumes that seller j will keep the strategic
variable constant as he varies his strategic variable (in our case quality). Then a mutual consistency assumption is
introduced to home in on the Cournot-Nash, or rational expectations, equilibrium (Gangopadhyay, 2005). It is well
recognised that the true dynamics has been ditched at this point of investigation. In order to introduce
non-equilibrium dynamics and characterise the quality dynamics we introduce the following key assumptions:

Assumption 1: Each seller refrains from maximising short-run profits and, instead, focuses on its survival and
growth by the choice of quality in an incremental fashion. At date t+1 seller adjusts quality IT; (t+1) by the
following rule:

oR (1)
IT, (¢ +1) =11, (¢) +a| — 2’
(=m0 o)
where [0R;(t)/dI1;(t)] is the partial derivative of the profit function with respect to own quality, ‘a’ is the adjustment
coefficient.

Equation (2b’) states that if quality adjustment raises (lowers) profits at date t by one dollar, then the seller
augments (lowers) the quality by this coefficient ‘a’. Substituting the relevant equations yields

I, (t+1) =af, +afh, +(1+2af)11, (1) —aBE[ 1, (t +1) ] (2¢)
where E(ITj(t+1)) is seller i’s expectation of the quality to be chosen by seller j at date (t+1).
Assumption 2: We assume E(IT;(t+1)) be given by the following:

E[T1 (r+1)]= F[11,(1)]= N1, (1) = N, [T1, (1) + N (3a)
We assume the same for seller j.

First, it is important to note that the assumption (3a) is a breach of the deductive equilibrium approach — since we
have not introduced the syntactic concept of equilibrium here (Gangopadhyay, 2004a, b). Secondly, the assumption
of (3a) posits a shared mental process: each seller thinks that as he chooses a higher quality to dominate the market
(as seen by market shares) his rival will oppose this tactic by choosing a higher quality till a point (N;/2N,). Beyond
this threshold each seller thinks that the rival will acquiesce to his dominance by scaling down the quality. This
assumption subsumes some kind of an anticipated conflict as reflected in the increases in quality of each product
when both sellers attempt to dominate the market. As the conflict reaches the threshold each expects the other to
roll over.

As opposed to Assumption 2, the deductive equilibrium approach assumes that each seller thinks that the rival will
not change its quality (strategic variable) if he changes his quality to dominate the market. What it boils down to is
an implicit assumption made by the deductive equilibrium approach that each seller assumes there will be no
market conflict as the rival is always going to capitulate by not responding to his tactics to dominate the market.
This assumption may be realistic in some cases, but it seems completely naive to believe that this assumption
carries much weight when sellers aggressively compete against each other in developing new products and
improving product quality to enhance their market shares for survival and growth. From the above we offer the
following results.

Result 1: The dynamics governing the quality of product of seller is reduced to the following:
2

IT; (t+1)=73+}/2ni(t) +7/1Hi(t) (4a)
where y, =af, +afh,—aBN,, v, =aBN,, v, =1+2a —afN,.
Proof: Substituting (3a) into (2b”) yields (4a). QED.
Assumption 3: We make a simplifying assumption to make the analysis tractable:

I, (1) =11, (1) =T1(z) (4b)

Assumption 3 makes the analysis much easier without losing much analytical bite. It is also important to note that
equation (4b) can only yield one fixed point (steady state) from equations (1a) and (1b). By so doing, we explicitly
side-step interesting cases of multiple equilibria, which can further complicate the dynamics of choice of quality.
But, from Feigenbaum (1978) and May (1976), even from a unique fixed point, or steady state of the dynamic

path, we know that the second iterates cause more fixed points and the stability of the system has to be considered
in the light of Equations (4a) and (4b).

Result 2: The dynamics of product quality as described in (4a) and (4b) has in fact two fixed points, or steady
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states,

« 1=y (1_7/1)2_4727/3

IT = - (5b)

2y, 27,

_ 1-7) -4

S o A G Dl £V (5b)

27, 2y,

The stability of fixed points requires:
m<iZt (50)
2y,

Thus, IT* is a stable fixed point under a restriction while I[T** is an unstable fixed point. Thus, in the old literature
such models are believed to have a unique attractor IT*. QED.

Result 3: The first fixed point IT* loses stability if

(1_}/1)2_4]/273 =2 (5d)
The first fixed point IT* is stable if

(1-1) ~47.y, <2 (62)
Proof: Simple substitutions yield the results. QED.

Now it is possible to derive two limits on IT within which the quality is to be bounded. We call them ITV™ and

IT"** and note
m = -2 (6b)
Vs
" =1 (6¢)
Note that the quality dynamics is bounded if
H(t)<HMAX =I1" fort=0,1,2,... (7a)
() > =" -2 forr=0,1,2,... (7b)
Vs
(1_7/1)2_47/273<3 (7¢)
It is possible to make suitable changes in variables to obtain the following dynamics:
X, =AX, (1-X,) (7d)
A=\(1-1) ~ 47,1, +1 (7e)
y [T -11(r) ]
X=—"—"= 7
: a (79)

Observation 1: The quality dynamics converges to the stable fixed point IT* if 1<A<3. However, the fixed point
IT* becomes unstable if A>3 and a two-period quality cycle appears. If A>3.57 the quality cycle evolves through a
cycle of infinite time period. The quality is bounded within the aforementioned limits (7a) and (7b), yet the quality
never repeats itself (May, 1976).
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Figurel.gi=1,g=1,g3=1

w

Figure 2. g, =0.5,g,=-0.5, g3 = 1

4. Discussion of Primary Results

We can now characterise the dynamics: for 1<A<3 the dynamics of product quality will converge to the stable
steady state. This region of stability serves an important role in equilibrium analysis as discussed in
Gangopadhyay (2005) and Gangopadhyay (1997). If A is increased beyond 3, IT* becomes unstable and the
quality competition converges to a stable 2-period cycle. As A is further increased the stable n-period cycles
bifurcates into 2n-period cycles. We know from Feigenbaum (1978) that the range of A for which the nth cycle
is stable shrinks at a geometric rate. For A>3.57 the quality dynamic evolves through an infinite period cycle.
The quality choices are within the relevant bounds, however never repeated. For a higher order quality choices
may seem a random process however these choices are fully deterministic.
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5. Simulations

From (4a) and (4b), we are able to calculate the temporal development of I1(z) from various assumed initial
values and check their stability for different values of parameters. We calculate the temporal development, from
the initial value chosen from I1,(0)=-5 to I1(0)=5. The relevance of negative values for IT; is explained on pp. 8
in the paragraph after equations (2b) and (2¢). By construction of the model, we can obtain four typical patterns
as Figure 1 to Figure 4. Figure 1 type has no fixed point and every I, (f) increases forever.

Figure 2 type has two fixed point and stable fixed point is lower than unstable one. Figure 2 thus presents the
standard model innovation traditionally highlights a unique equilibrium as the attractor of any time profile of
choice variables as long as the initial quality and expectations are less than the value of the unstable fixed point.
Contrary to the import of these existing models, our finding is that the possibility of an unstable fixed point
being greater than the stable one will keep the possibility of a virtuous path of growth in quality that can result in
an “explosion in quality”.

Figure 3. g, =-0.5, g, =-1,g3=1

Figure 3 type also has two static fixed points and the stable fixed point is higher than the unstable one. The
unstable fixed point acts as a separatrix. In order to achieve the stable equilibrium, the system must ensure that
either the initial quality, or expectations about it, must exceed the threshold value given by the unstable fixed
point. Otherwise, the dynamic path of quality will drive the system along the vicious path of decline in quality.
Our model hence can explain fluctuations in quality in different systems, especially why quality steadily
improves in some setup while quality simultaneously, and secularly, declines in others. It also helps understand
why some economic and political systems find it arduous to achieve a significant progress in quality of various
social, institutional economic variables. Also this figure shows that, around the stable static point, I1(#) value
vibrates over the fixed point steadily.

Figure 4 type has two unstable fixed points and every I14(t) decrease finally. The high fixed point is stable if the
system is continuous. However this is a discrete system, the stability failed by its intense dynamics. From the
observation of these types, we are able to calculate which initial value I1,(0) range can reach the fixed point and
estimate the stability of the system for each value. Figure 5 shows the range of I1,(0) for which the system can
engender stable dynamics. If the value of I1(0) is 0, the system has no fixed point or only has unstable fixed
point. If the initial value is larger than O there is an existence of the initial value I1(0) that can lead to a stable
fixed point after a while.
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Figure 5. Stability properties for various values of g; and g, (g3 = 1 fixed)

6. Conclusion

The finding has important implications: the deductive equilibrium approach to modern economic theory typically
assume that all systematic prediction errors are dispelled by the Nash equilibrium, and the economic system settles
in an equilibrium characterised by self-confirming and mutual-best responses. In this approach, there is most
dominant influence on modern industrial economics, commonly known as industrial organization. The deductive
equilibrium analysis may have contributed to the understanding of modern industrial economics. Little attention,
however, has been paid to the regions of instability in the context of innovation.

Our model has important findings for situations in which decision-makers consciously choose quality of a product,
or institution, to advance one’s self-interest. In such a setup we explain two sets of results that can important
implications for various economic, political and social systems: first and foremost, our model shows the importance
of an unstable equilibrium that can give rise to either a virfuous growth path, or a vicious path of steady decline in
quality. Our model also highlights the importance of a threshold effect to explain why a system tends to fail to
achieve an efficient equilibrium of quality. Secondly, we establish that the postulated quality dynamics can generate
chaotic behaviour. Firms fail to observe systematic errors. Firms also fail to produce long-run predictions with
certainty even if they act in a deterministic world. Time profiles will separate exponentially and these profiles start
very close together. We would like to conclude that an application of standard results of chaotic behaviour in the
context of firms’ competitive innovation can be promising in understanding of the dynamics of quality for any
system in which quality matters.
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