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Abstract

The paper introduces a new smulation modd of market dynamics by integrating severd
concepts of evolutionary economics. In the course of market evolution various changes
take place of which the emergence of consumers preferences and of the knowledge that
IS needed to meet these preferences with gppropriate products are the most important
ones. In order to model the market evolution and the resulting changes, Dos’s concept
of technologicd paradigms and Winter's concept of technological regimes are
integrated into a product life cycle modd. The smulaions performed with this modd
help to understand how the dynamics of market evolution shapes market performance
and compstition. The results of the smulation runs show a much more differentiated
picture than economic intuition suggests. Moreover, it gives useful hints for innovation

policy.
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1. Introduction

Markets provide a variety of different environments that seem to influence competition
and peformance in different ways. Detalled knowledge of how market environments
affect competition and performance is crucid for firms as wel as for policy makers.
Wheress firms can derive their strategies from this knowledge stock, eg. to make profit
and to survive competition, policy makers are enabled to identify problems with regard
to the naure of competition, egpecidly dgtuations in which the exploitation of
consumers is likely. Although exidsing theoreticadl and empirical results provide a very
confusng picture about the differences between markets, the following andyds shows
that it is possble to gain a differentiated picture of how market environments affect
competition and performance within an evolutionary model of market dynamics.

One promisng dating point is to look & the way in which innovation is
generated and organized in markets. The most prominent analyss of the generation and
organization of innovation was provided by Schumpeter. In his book “Theory of
Economic Development”, published first in 1911, Schumpeter described a person who
is a the core of the emergence of innovaton: the entrepreneur. Usudly this
entrepreneur is not the person who invents something but the one who implements new
combinations in markets (Schumpeter, 1911/1987, 124-139). Interestingly, Schumpeter
changed his mind in his book “Cgpitaism, Socidism, and Democracy”, published first
in 1942, Here, he clamed that due to the automaion of innovation processes,
entrepreneurs do not play an important role in these processes anymore (Schumpeter,
1942/1980, 213-216). And yet - Schumpeter seems to be wrong in 1911 as wel as in
1942, because nether do we face an economy of only smal innovative entrepreneurs
nor do we only see big firms with automated innovation processes. At the beginning of
the 21% century, smal, medium-sized and big enterprises widdy coexist. Therefore, the
question has to be answered why we face a variety of firms that differ, especidly with
regard to ther innovation procedures. At the outset of an answer is the indght that
Schumpeter's different opinions in 1911 and 1942 show two different states of firms
that emerge in the course of market evolution. Although the automation of innovation
processes is not a feature of a mature economy, it seems to be a festure of a mature

market (see Chapter 2.).
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Thus, the question a the core of the andyss of market performance and
competition is Why does the generation of innovation become automated during
market evolution, so that the market turns from a new into a mature one, and what do
the reaulting changes mean for market performance and the nature of competition. In
order to answer these questions, the paper is organized as follows. Firgt of al, the
concepts of technologica regimes, technologica paradigms, and product life cycles are
integrated (Chapter 2.). In Chapter 3., the idea of the model and its structure are
developed. As the modd is solved by smulaions, the specification of the parameters
and the results ae summarized in Chapter 4. Some policy implications as well as
implications for future research round the paper (Chapter 5.).

2. Product Life Cycles, Technological Regimes, and Technological Paradigms

The dmulaion modd developed in the following is based on three theoreticd pillars:
product life cycles, technologicd regimes and technologicd paradigms. The wadl-
known product life cycle approach describes the changing features of markets during
their evolution. It may therefore serve as the theoreticd framework within which the
automation of innovetion as a market phenomenon can be explained. In the beginning
of a product life cycle, the consumers preferences ae not yet clearly defined.
Moreover, firms have not yet agreed upon the kinds of knowledge that should be used
to meet these blurred preferences. Therefore, many firms with a variety of knowledge
enter the market in this stage. In the course of time, the consumers preferences become
clearer and the knowledge used to generate innovation is relatively agreed upon, so that
the generation of innovation findly becomes automated.

There exists a lot of empirical evidence that underpins this concept. Geroski
shows that market entries occur in waves that typicaly have ther maximum in ealy
stages of the product life cycle (Geroski, 1995, 425f). In the andyss of Klepper/Graddy
most of the andysed 46 products show the regularities predicted by the product life
cycle (Klepper and Graddy, 1990, 28-35): The number of firms darts from a low leve
and then increases condderably. Subsequently, a sharp shakeout-gage of firms follows,
S0 that the number of firms acting in the market decreases. The industry output displays
the highest growth rates in the beginning of the product life cycle; these growth raes
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decrease and ultimately become zero when the market matures. The industry price
decreases with high rates at the beginning of the product life cycle. Afterwards the price
decrease dows down and becomes zero when the market matures. This pattern is aso
supported by several other studies (cf. Klepper, 1997, Agrarwal, 1997, Klepper/Smons,
1996, Utterback, 1994, 79-99, Utterback/Suarez, 1993, and Carroll/Hannan, 1989, 417-
423).

A crucid characterigtic of the product life cycle gpproach is that markets change
from being favourable for entrants to being favourable for established firms. The am of
this paper is to show how this phenomenon can be modeled endogenoudy.! In order to
do o, two additional concepts will be used here: the concepts of technologica regimes
and of technologica paradigms. Two technological regimes which characterize
different market environments can be disinguished: Under the entrepreneuria regime,
innovative market entry is favoured by the fact that there exids a number of specific
opportunities to exploit the profit opportunities of markets (Winter, 1984, 297). These
profit opportunities are limited because only specific firms have access to the
knowledge that is rdevant for the market. This is due to the fact that innovative market
entry does not only require knowledge about technology and products but also about the
specific circumstances of the respective market. For this reason, suppliers of inputs or
consumers of outputs gppear relaively often among those companies which enter the
market. In contrast, the market environment under the routinized regme is totaly
different. Here innovation by edablished firms is favoured because the cumulaive
character of the market rdevant knowledge becomes crucid which result in incressing
returns to scale. Moreover, knowledge is protected by secrecy or patent protection, so
that potentia entrants face growing difficulties to gain access to the relevant knowledge
and to compete with the established firms (Winter, 1984, 296).

This didinction of markets according to the environment for innovation by
different types of firms is corrobated by empirical studies as wdl. Usng the data of 4.5

! Product life cycle models already exist. Yet, in these models the change of environment from anew to a
mature market is usually modelled exogenously (see e.g. Jovanic/MacDonald, 1994). An exception is the
model by Klepper where “(t)he advantage of size in process R& D causes firm process R&D to rise over
time and eventually puts entrants at such a cost disadvantage that entry is foreclosed” (Klepper, 1996,
580). Klepper’s takes the view that the product life cycle is driven merely by the supply side (Klepper,
1996, 562). In contrast, the model presented here is not only a simulation model but it also provides a
view that allows to integrate supply and demand side.
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Mio. firms in the US-Small Business Data Base from 1976 until 1986, Audretsch was
able to show that dgnificantly more firms entered the markets that could be defined as
entrepreneuria than markets that could be defined as routinized (Audretsch, 1995, 15f
and 62). Smilar results were derived by Maderba/Orsenigo. Using patent data of US-
American, German, French, British, Itdian and Jgpanese firms in 49 different sectors in
the period between 1978 and 1991, they reached the conclusion that in some industries
innovation by market entrants were favoured whereas in others more innovation were
generated by established firms (Malerba/Orsenigo, 1996, 454f).

The notion of technologicd regimes can very wdl underpin the product life cyde
approach. By integrating both regimes a whole market evolution can be derived,
because the entrepreneurid regime shows the evolution of a new and the routinized
regime that of a mature market. This means that the entrepreneuria regime is a market
sage thet is followed by the routinized regime. As a consequence, the question why and
how makets change from an entrepreneurid regime to a routinized one has to be
solved. This explanation can be provided by the third pillar of the mode derived here:
the concept of technological paradigms A technologicd paradigm can be characterized
by some badc artefacts and a couple of technologica paths that provide information on
future research posshilities (Dosi, 1988, 1127, and Dosi, 1982, 151-153). It does not
only define a research field but dso gives directions for the search for new solutions as
well as for agppropriate tools. These directions of research are cdled technologica paths.
When firms follow these paths, new possble solutions can be found. Therefore,
innovations within a paradigm are generated in an ordered and accumulative way. These
innovations are cdled incrementa, because an ex-ante idea about their possible
outcomes and implications exidts. In contradt, radica innovations are connected with
intrindcal uncertainty, because they adways cause a change of paradigm, o that even
experts are not able to prognodticate their possible outcomes and implications. In the
following, it is assumed tha whereas in the beginning of the entrepreneurid regime
there exis a couple of posshle technologicd paradigms that may contribute to meet
consumers preferences, a the end of the entrepreneurid regime consumers do only
accept products manufactured under one paradigm; this is cdled the dominant
paradigm. Due to the emergence of a dominant paradigm, the market changes from the
entrepreneuria to the routinized regime; a switch which can thusbe explained here
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endogenoudy within the modd, the detalls of which are described in the following
chepter. The integration of the three theoreticd pillars into the mode is depicted in
Figure 1.

3. TheModd

3.1 Theidea of the modd

In order to derive concrete results for market performance and competition in the
following a modd is developed that produces patterns of market evolution according to
the product life cycle approach. The modd is formdized by integrating the concept of
technological regimes with that of technological paradigms To do o, a totally new
innovation mechaniam is introduced here into the basc modd by Winter (1984). This
new mechanism uses Dos’sidea of technologica paradigms (Dos, 1982 and 1988).

Winter (1984) diginguished between innovation and imitation to modd
differences in innovation efforts and outputs. However, a pure imitation takes only
place exceptiondly, because it dways requires adgptations to the specific Stuation and
environment of the firm. Consequently, imitaions usudly dso have innovdive
eements. Compared with Winter's agpproach the new innovation mechanism that is
based on Dos’'s concept of technological paradigms (Dos, 1988 and 1982) has two
advantages. Fird, it provides an endogenous mechanism that explains why the market
changes from the entrepreneurid to the routinized regime: Only when a condderable
pat of demand is satisfied by the production from one paradigm, this paradigm is
established as the dominant one and the market becomes mature. The second advantage
of this new innovaion mechanism is tha it explans better why the entrepreneurid
regime is favourable to innovatiive maket entry whereas the routinized regime is
favourable to innovation by edablished firms. Within the entrepreneurid  regime,
innovaive market entries can eadly take place with the help of a radica innovation. In
contragt, within the routinized regime market entrants have not only to generate a
radica innovation but they dso have to find the dominant paradigm with a productivity
levd that is competitive. Therefore, it is much more difficult for them to enter under the
routinized regime and most innovations are generated by established firms.
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In the remainder of this chapter, the idea described above is transferred into
equations. The forma modd consss of a datic and a dynamic system. Chapter 3.2
describes the datic sysem of the modd within which output and profit of the firm as
well as industry output and price are determined. The dynamic system in Chepter 3.3
dedls with the entrepreneurid decison routines which determine the development of
important industry variables such as average productivity, average capitd <tock,
industry output, and price.

3.2 Thestatic system

The ddic sysem of the modd is based on the following assumptions. Single product
firms aone manufacture the product; their only input is cagpitd. As soon as firms enter a
market, they achieve the minima optimal scae so that ther production function is
subject to congant returns to scae. The technique of a firm is represented by its
productivity Aj; (dl variables are liged in Appendix 1). The cepitd use and production
technique of a single firm are given for every sngle period. The firms produce at full
capacity. Hence, the output of firm i in period t Q;; can be obtained by multiplying its
productivity of capitd int Aj; by its capitd useint Kj;:

Qit = Ait» Kit. )

The industry output Q; conssts of the output of al firms in the market taken together.
The industry price P; is determined by the demand curve, which is a function of the
industry output Q. This demand curve is normd in shgpe and congtant in time.

Q = é_ Qit, (29)

Pt D (Qy). (2b)

The profit per unit of capitd P i; made by a firm can be cdculated by subtracting the
costs per unit of cgpitd from the productivity Ai; and by multiplying the result with the
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price R. The costs which occur here are the depreciation rate d, te production costs per
unit of capital ¢ and the expenditure for innovation activities per unit of capitd ri;.

Pit = Pt*(Ait'd'C'rit). (3)

3.3 Thedynamic system

Equations (1) to (3) describe the short-run sysem of the mode in period t. The
following equations of the dynamic sysem connect the different periods by modeling
the influences of entrepreneurid decisons on the market evolution. On the one hand
sSde, the market evolution depends on the entry and exit decisons of the firms (Chapter
3.3.2). On the other hand sde, the decisons of the established firms on the employed
technology, on the cepitd stock, and on innovation experditures adso shape the
dynamics of the market (Chapter 3.3.1).

3.3.1 Theinnovation decisions of the established firms

In the mode, successful innovation activities result in a rise of capitd productivity, Aj,
whereas the production costs per unit of capitd, ¢, remain unchanged. This means that
innovation success leads to increases in the efficiency of production. Yet, this kind of
modeling would only account for process innovetions. Therefore, the production costs
per unit of capitd c are standardized in the following by quality units® Consequently,
the efficiency increases can as wel be interpreted as product innovetions. As process
and product innovations are usudly impossble without supporting organizationa
innovations, these are dso mirrored here in the efficiency increases.

Every firm uses the percentage riy of its cgpitd for innovetion activities The
firm's past innovation expenditures are summed up to form the totad knowledge stock of
thefirm Ri:

2 This modelling follows Klepper/Graddy, 1990, 37.
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Rit = é_ it = Kit. (4)

t

The knowledge stock represents the organizationa and technological knowledge of the
firm. From this follows, that the probability of innovation success increases when a firm
invess in innovaion eactivities, even if it is not presently successful in generdting a
concrete innovation. The dependency of innovation success on the tota knowledge
dock is proven by the observation that firms accumulate internal (Arrow, 1962) and
externad knowledge whenever they pursue innovation activities (Cohen/Levintha, 1990,
129, and Cohen/Levinthal, 1989, 570f). The higher a knowledge stock aready is, the
easer it is for firms to absorb externa knowledge and to combine internad and externd
knowledge in anew way.

In order to modd the connection between innovation activities in period t and the
potentid increese of the firm's productivity in t+1 a two-stage random process is
applied. In the firs dage, it becomes cler whether the firm's activities lead to an
innovetion. The generation of innovation is moddled in the fallowing way: For every
market there exis some paradigms that provide technologicd and organizationd
solutions to meet the consumers preferences. With the hdp of radicd innovations a
firm can gain access to a new paradigm. The probability to generate a radicd innovation
congsts of two dements. First of dl, it is influenced by the autonomous parameter RI*".
This term represents the fact that firms are able to discover a new technologica
paradigm by mere chance without relying on their knowledge stock. Thus, even a firm
without a knowledge stock can generate a radicad innovation. The second dement is
represented by the parameter a" multiplied by the levd of the firms accumulated
knowledge stock. a;" denotes the probability to generate radica innovations depending
on the levd of the knowledge stock. To illudrate this latter element by a metaphor, the
higher the firm's knowledge stock R; is the more often the firm is alowed to draw from
the urn that contains the different paradigms. The entire probability to generate a radica
innovation is shown by the probability variable pr [di"]:

pr [ditrl] — Rlaut + atrI Rit- (5a)
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Furthermore, every paradigm in itsef represent an urn which contains information
about one technologicdl path.®> On this path, a firm can generate innovation which
results in different levels of productivity Aj:. If it gets access to a paradigm with the help
of a radicd innovation, it draws its initid productivity on the respective technologica
path smultaneoudy. The probability to draw initid productivities on a path is equdly
digtributed. This digtribution as a whole is limited by a best practice productivity of the
respective path, as the posshilities to increese the productivity with the help of
technologicd and organizationa innovations ae not endless within the paradigm. As
soon as a firm edablishes itsdf on a technologicd path, any incrementd innovation
resultsin asmall increase of productivity within the respective paradigm.

The probability to generate an incrementd innovation is determined by the
parameter of probability a;' multiplied by the knowledge stock. This means that the
frequency of innovation draws depends on the level of the knowledge stock and the
probability parameter a;'. The probability of generating incrementd innovations is
represented by the random variable pr [dii'"]:

pr [di'] = a¢" Ru. (5b)

The probability parameter &' is here assumed to be higher than the parameter of
probability a:", because it is more probable to generate an incremental innovation than
to generate a radicad one. The different probabilities reflect the different character of
radicd in contrast to incrementd innovation. Whereas a firm can work directly on
incrementa innovetion - as there exids an ex-ante idea about it - the generdion of a
radica innovation cannot be pursued concretely - as the way to find it as well as its
outcome are totally unclear ex-ante.

In the second stage of the random process within the model, the technology and
organization structure of the firm for period t+1 are chosen. The firm can ether sick to
the old technology and organization dructure or it can choose new ones if they
correspond to a higher productivity levd:

Ay = max (Aig; Ai'; Ai™). ©)

% For simplification it is assumed that one technological paradigm contains only one technological path.
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If the firm achieves its highest productivity level by a radicd innovation, the knowledge
sock will be depreciated by (? * 100)%, because any decison to use the technique
connected with the radicad innovation means entering a new paradigm. The vaue of the
accumulated knowledge decreases, because it can only be used to its full extent in the
context of the old paradigm. And yet, the value of the knowledge stock partly remains
because some dements of this knowledge are market relevant and because other parts of
it contribute to the firm's ability to generate radica innovation and to change
paradigms.

Rit+1) = (1-?) Ry, (7)
if Ay = A"
The determination of the output of the firm in t+1 does not only require a decison on

the productivity leve that represents the technology and organization structure of the
firm but also one on the capital stock used in period t+1:

Kigryy = (1-d) * Kit +1* K, (8)
if ?i> 0,then | =d+gwithg=(?j- ?i(t-l))/?it,

if ?i#=0,then i =d,

if ?i<0,then i =0.

The capitd stock in period t+1 equas the sum of the capital stock of the former period,
depreciated by d and the investment which results from the multiplication of the capita
sock of the former period by an investment rate i. The levd of i is determined by the
growth rate of the firm's profit per unit of capitd. If this term is zero, the investment
rate will equa the depreciation quota; i.e, the firm's capacity remains unaffected. If the
profit per unit of cgpita is grester than zero, the investment rate will equa the
depreciation rate plus the profit growth rate g. If the profit per unit of capita is negative,
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the investment rate will be zero. This means that in period t+1 the firm produces with
the depreciated capital stock of t.

3.3.2 Market entry and exit decisions

The market entry and exit decisons of the firms play a crucid role for the evolution of
the market because they influence the levels of output and price and the average
productivity as well as the number of firms. A firm decides to exit a market if its cgpitd
stock falls below the minimum capitd stock, K™", necessary to continue the business. A
firm would dso exit the market in t if its profit has been negative over a specific period

of time.
Kii=0 fordl t>t, 9)
if Kitry < K min

or if Pit <O0Ofor some periods.

A firm enters a market if it can exploit profit opportunities. On the one hand sde, there
are profit opportunities for a number of potentid entrants because of the technologica
and organizationd knowledge dready accumulated outsde the industry. On the other
hand sde, such profit opportunities occur when the potentid entrants can use the
industry knowledge in a more efficient way because of their different knowledge stock.
Market entrants serve the maket evolution in a specific way because “...
(entrepreneurs may dat new firms not merdy to replicate the incumbent firm, but
rather to do something different. In this sense, new firms can be viewed as ‘agents of
change.” (Audretsch/Mahmood, 1993, 27). This holds true for the mode developed
here if a market entrant produces under a paradigm that has not been discovered yet.
The decison to enter a market depends on how the potentia entrant measures higher
profit opportunitiesin the market:

P en > Ben’ (10)
with Aiten = Aiten (Riten).
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The profits an entrant expects to have must exceed the entry barrier B*". This entry
barrier may contain dl kinds of causes which may keep entrants outside an indusiry
(Winter, 1984, 304). In this modd, the entry barier is interpreted as a lump-sum
payment for the edablishment of the organization required for busness activities
(Klepper/Graddy, 1990, 37). As las been modeled above with regard to the established
firms, the productivity levd of an entrant Ai®™" depends on hisher accumulated
knowledge stock R;*".

The market evolution can be represented best by the development of the variables
that are computed with the hep of equation (2): industry output and price. Moreover,
the devdopment of the number of firms mirrors the market evolution. The number of
firms in period t conggs of firms which were in the maket in the former period plus

market entries minus market exitsin the current period:

N¢ = N(t.]_) + BEn - Bx. (11)

4. TheSmulation Results

4.1 The Reference Specification

The numericad gpecification of the modd does not intend to describe a specific
empiricd gdtuation. Ingdead it ams to show how market peformance and competition
are influenced by a variety of factors. Nevertheless, the parameters are chosen a an
empiricly plausble levd. The market evolution is shown for 100 years* Usudly, the
dominant paradigm is edablished during this period of time and the indusry
consolidates.® Every market is founded by the first market entrant with a capita stock of
5 and an initid productivity of 1. The supply of the first market entrant is expressed by
the inverse demand equation P; = 2000 — Q; that provides the connection between the
level of market output and market price. The firms have to face production costs per

* The simulation runs show 400 periods of 3 months.

® In the following analysis, the results of simulation runs in which a dominant paradigm is not established
are not taken into consideration, because these runs would ultimately also reach a dominant paradigm and
would produce the same patterns if the duration of the run islonger. For the specification of the variables
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unit of capital of 0.1, depreciation rate per unit of capitd of 0.1, and innovation
expenditures per unit of capital of 0.007.

All established firms and &l potentid entrants can generate innovations® The
probability to generate a radica innovation depends on the one hand sde on the
autonomous parameter RI2*, which is 0.0025, and on the other hand side on a", 0.0025
as wdl; the later is multiplied by the levd of the accumulated knowledge stock. If a
radica innovation has taken place, the respective firm has the possbility to change the
paradigm. In this specification of the modd, ten different paradigms are a hand. The
worst paradigm renders possible productivities between zero and one, the best paradigm
productivities between zero and 5.5.” Within the paradigms, the probability to draw an
initid productivity is didributed equdly. Because of this specification it becomes
possible that a firm draws a radica innovation and gets access to a better paradigm, but
that the initid productivity there is lower than the productivity of the old technology
and organization dSructure, o0 that the firm gill sicks to its old technology and
organization gructure as well as to its old paradigm. If however a radicd innovation has
led to a higher productivity, the firm changes the paradigm and hdf of the o far
accumulated knowledge stock Ri; is depreciated. A firm tha generates an incrementa
innovation gans a productivity increese of 0.1. The probability to find such an
incrementa  innovation is determined by &', which is here 0.1, multiplied by the
knowledge dsock of the firm. Every firm enters with an initid knowledge stock of 1.
The knowledge stock incresses in the run of time by accumulaing the innovation
expenditures of the firm. As formerly successful firms have higher knowledge stocks,
their probability to be successful in the future is dso higher. Neverthdess less
successful firms adways have the chance to reach or to exceed the productivity of ther
competitors — especidly due to the parameter RI*' thet mirrors the probability to
generate a radica innovation independent of the accumulated knowledge stock.

In every period the firm determines its cagpitd stock for the following period. The
level of the capital stock depends on the firm's profit growth rate. If the profit growth

see Appendix 2.

® In order to simplify the runs, the number of potential entrants N;™ is limited to twenty. The potential
entrants for every period t Pen; are also limited to twenty; this means that all potential entrants can enter
the market in one period.

" Thus, the best practice productivity of each paradigm increases with 0.5, respectively. This means that



Market Performance and Competition: A Product Life Cycle Model 15

rate is pogtive, the capitd stock increases accordingly. If it is zero, the capitd stock
remains condant. If it is negdaive, invesment in the capitd stock is zero, so that the
latter decreases with a depreciation rate of 10%. Moreover, if the profit is negative for
more than 5 periods the firm exits the market. It aso exits the market if the capital stock
fals bdow the minimum of 2.5.

In the modd, a dominant paradigm tha causes the change from the
entrepreneurid to the routinized one is edtablished if hdf of the demand is satidfied by
this paradigm.® From this point in time the consumers will only buy products that are
produced within the dominant paradigm. Consequently, the output of the firms that
produce within the other paradigms becomes zero. This means that these firms will have
to draw a radicd innovation which will give them access to the dominant paradigm or
they will have to exit the maket within the next five periods according to the
oecification of the exit routine. If the firms which produce within the dominant
paradigm have dready reached a high levd of productivity a this point in time, the
chances for the other firms are even worse because they not only have to generate a
radicd innovation that gives access to the dominant paradigm, but they dso have to
draw ahigh initid productivity leve to be competitive immediately.

With the hdp of the numericd gpecification of the modd the peatterns of the
product life cycle which were derived by the theoreticd and empirical andyses can be
reproduced (see Chapter 2). This basic pattern can now be analysed with the help of the
time sequences of some important variables. Figure 2 contains one example of a typica
run. There, the changes in time of average productivity, output of the industry, price,
and the number of firms on the market are depicted. At the very beginning of the market
evolution, only one firm is active, later the number of firms increases to a maximum of
ten firms. Then, the dominant paradigm & established in period 240, so that seven firms
have to exit the market, because they are not able to produce under the dominant
paradigm. After this point in time the number of firms remans dable The average
productivity reflects the innovation activities of the firms Unless the innovation
activities are successful, the average productivity stagnates. Radica innovations of large

the best practice productivity of paradigm 2 is 1.5, the best practice productivity of paradigm 3is 2, etc.
8 Here, the empirical result of Anderson/Tushman (1990) is applied to the simulation model. They found
out that a market share of 50% is necessary to establish adominant paradigm.
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Figure
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firms may result in a jump of the average productivity whereas incremental innovations
cause a continuous increase of the average productivity. Before the dominant paradigm
Is reached, radical as wel as incrementd innovations teke place. In contrast, radical
innovations are exceptions under the routinized regime and ae only implemented
successfully  provided that the dominant paradigm is dravn with a high initid
productivity level. Hence, the average productivity increases partly with incressing
growth rates until the establishment of the dominant paradigm wheress it usudly shows
decreasng growth rates afterwards and stagnates as soon as the best practice
productivity of the dominant paradigm is reached. The price develops according to the
productivity as the market is contestable because of the low market entry barrier. The
evolution of output mirrors that of the price because the demand curve is normd in
shape and condant in time: This means that output increases if price decreases and vice

versa

4.2 Market Performance and Competition under Different Specifications

Market performance and competition are influenced by various parameters. In the
following, the parameters that are especidly interesting for market performance and
competition are sysematicdly vaied and the results ae andysed® Eventudly,
competition and market performance are measured by the most important endogenous
market variables. The number of firms that are producing in the market, the price and
the output at the period of the establishment of the dominant paradigm and at the period
after the market consolidation has taken place are taken into account. A more detailed
andyss is possble by looking a the levd of the dominant paradigm and the period in
which it is edtablished. The influence of the varied parameters on the endogenous
vaiables mentioned above ae anadysed with the hdp of regressons, the results of
which are summed up in Table 1.

Some markets are easly contestable, eg. the ones in the reference specification

where the market entry barrier is 1. Other markets are protected by higher market entry

® To show these influences exactly, only one parameter level deviates from the reference specification at
each time. Beside the level that is chosen in the reference specification, four additional levels are
simulated. Every specification runs 100 times, so that 500 runs per parameter are cal culated altogether.
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Table 1: Regressions of the variation of the parameters.
Variation Level of | Establish- At establishment of dp After establishment of dp
of dp° ment of dp | Firm Price Quantity | Firm Price Quantity
number number

d R 0,023 0,023 0,026 0,070 -0,070 -0,072 0,129 -0,129
R2 0,001 0,001 0,001 0,005 0,005 0,005 0,017 0,017
t 0,455 0,450 0,518 1,376 -1,376 -1,417 2,558* -2,558*

c ] -0,192 -0,186 -0,191 -0,191 -0,188 -0,174 -0,192 -0,188
R2 0,037 0,035 0,036 0,036 0,035 0,030 0,037 0,035
t -3,797** -3,670** -3,766** 3,768** | -3,708** | -3,417** 3,801** | -3,711**

ar R -0,025 -0,015 -0,080 -0,434 0,434 -0,008 -0,405 -0,405
R2 0,001 0,00 0,006 0,189 0,189 0,000 0,164 0,164
t -0,457 -0,273 -1,496 -8,984** | 8,984** -0,155 -8,254** | 8,254**

ac" 3 0,033 -0,557 0,518 0,199 -0,199 0,336 -0,150 -0,150
R2 0,001 0,311 0,269 0,040 0,040 0,113 0,019 0,023
t 0,560 -11,251** 10,160** 3,412%* | -3,412** 5,970** 2,546* -2,546*

RI2* R 0,059 -0,033 -0,047 -0,025 0,025 0,110 -0,010 0,010
R2 0,004 0,001 0,002 0,001 0,001 0,010 0,00 0,00
t 1,145 -0,638 -0,904 -0,490 0,490 2,144* -0,185 0,185

Fit 3 0,260 -0,066 -0,115 -0,386 0,386 0,410 -0,373 0,373
R2 0,068 0,004 0,013 0,149 0,149 0,168 0,139 0,139
t 5,127** -1,261 -2,199* -7,950** | 7,950** 8,554** -7,654** | 7,654**

R R -0,303 -0,642 0,437 0,205 0,205 0,087 0,202 -0,202
R2 0,092 0,410 0,191 0,042 0,042 0,008 0,041 0,041
t -5,199** | -13,698** 7,963** 3,433** | -3,433** 1,434 3,385** | -3,385**

B®" R 0,151 0,159 -0,063 0,208 -0,208 0,183 0,249 -0,250
R2 0,023 0,025 0,004 0,043 0,043 0,033 0,062 0,063
t 3,258** 3,416** -1,347* 4529%* | -4529** 3,949** 5,464** | -5,494**

°dp = dominant paradigm * significant onthe 5% level  ** significant on the 1%

barriers, so that it is more difficult for entrants to gain access to these markets. To take
these different Situations into account, the level of B*" is varied: the entry barrier takes
vaues of 0, 10, 100, and 1000 in the variations of the reference specification. Economic
intuition suggests that the higher the market entry barrier is the worse turn competition
and market performance and the less firms are producing in the market. The smulation
results reved a more differentiated picture. Whereas price and quantity show the
expected petterns, the number of firms develops unexpectedly. The higher the market
entry barier is the laer the dominant paradigm is edtablished, because the firms
entering the market need a longer period of time to produce haf of the output under one
paradigm. Due to this prolonged period which can be used for the search of better
dterndives the dominant paradigm thet is findly established is better. As higher market
entry baries imply a smdler number of firms when the dominant paradigm is
established the innovation output is the smdler the higher the market entry barier is.
Consequently, the potentid of the better paradigm is not exploited, the price is higher
and the quantity smdler. Surprisngly, the number of firms after the consolidetion of the
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market is pogtively influenced by higher market entry barriers. This indicaes that the
firms that are gill able to enter the market despite the market entry barrier are fitter to
aurvive the esablishment of a dominant design. Although a higher market entry barrier
is negative for consumers, it is podtive for those firms that were able to enter the market
because of the additiona fitness a market entry barrier requires.

The codts that reduce the profit of the firm (the depreciation rate d, the production
cods per capitd unit ¢, and the innovation expenditures per capita unit ri) influence
market performance and competition in different ways. The depreciation rate d can
vary condderably depending on the technology that is used to produce the respective
output. For this reason, smulation runs were computed with different levels of d.X° One
would expect tha the higher the depreciation rate of capitd is the worse is the market
performance, as high depreciation rates cause a smaler capitd endowment resulting in
fewer efforts to innovate. Yet here, the levels of price and quantity at the establishment
of the dominant paradigm are unaffected by the levd of the capitd depreciation rate.
Only the levels of price and quantity after the consolidation of the market are clearly
influenced by the depreciation rate: The higher the deprecition rate is the higher is the
price and the lower is the quantity sold in the market. This indicates that higher
depreciation rates enfold their effects only after the markets mature.

The levd of the production costs per unit of capital ¢ depends crucidly on the
production process employed. In contrast to the depreciation rate that is aways invested
as long as the firm's profit growth rate is a least zero, the production costs per unit of
cgpitd directly affect investment in addition to the subditution of the depreciated
capitd stock.!* The higher the production costs per unit of capitd are the smaller is the
profit, and the smdler the profit is the smdler is the growth rate of capitd, ultimatey
resulting in a smdler knowledge stock. Therefore, one would expect that the market
performance decreases with increasng production costs. This is confirmed by the
samulaion results. The higher the production costs per unit of capitd are the earlier the
dominant paradigm is established and the worse it turns out to be. Consequently, a both
measurement points in time the price is higher and the quantity smaler. Not

1911 the reference specification, dis0.1 —i.e. 10% of the capital endowment is depreciated every period.
In the variations, depreciation rates of 0.01, 0.05, 0.2, and 0.5 are taken into account.
1 This parameter is varied as well: in the reference specification, ¢ is 0.1, i.e. 10% of the capital
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aurprigngly, the number of firms is negativey influenced by increasing production
cods per unit of capitd, because the lower efficiency that can be redized in the worse
dominant paradigm means that the level of demand decreases.

The innovation expenditure per unit of capital r; differs from market to market.*?
As it influences the level of the knowledge stock that is used to generate innovation, it
can be expected that an increase in this parameter leads to a better market
performance’® The sSmulation runs show the expected results The higher ri; is the
better becomes the dominant paradigm and the earlier it is established. As f; influences
both the generation of radicd and incrementa innovation, the firms in the market are
not only able to exploit their paradigms faster but they are adso able to find more
paradigms. Consequently, the price is smdler and the quantity higher a the point in
time the dominant paradigm is edablished. The number of firms is negativey
influenced by a higher vaue of r;, which indicates that competition between the firms is
higher. Price and quantity effects are dmilar after the market consolidation, but the
number of firms increases with risng innovation expenditures per unit of cgpitd. This
means tha the intendfied competition before the edablishment of the dominant
paradigm. This is not only favourable for the consumers but aso for the firms tha
survive this competition. Again here, as they ae fitter they are more likdy to survive
the establishment of the dominant paradigm.

The levd of knowledge is dso influenced by the levd of the initid knowledge
stock of the firm R*" that can dso vary depending on the market relevant knowledge
the firm hes dready accumulated before entering the market!* Thus it might be
expected that this parameter influences market performance and competition in the way
innovation expenditures do. Interestingly however, dthough the levd of the knowledge
dock is higher from the very beginning if the initid knowledge stock increases, the
effects are the other way aound compared with the effects of the innovation
expenditures per unit of capitd. This a the fird glance surprisng result cdealy
demondtrates that the point in time when a bigger knowledge stock becomes available is

endowment. In the variations, the production costs per unit of capital are 0.01, 0.05, 0.2, and 0.5.

12 The innovation expenditures can also vary from firm to firm. Thisis not taken into account here.

13 The innovation expenditure r;; is 0.007 in the reference specification. In the variations, levels of 0.0007,
0.035, 0.014, and 0.035 are taken into account.

14 |n the reference specification, Ri;™ equals 1; in the variations, itis 0.1, 0.5, 2, and 5.
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crucid. When the initid knowledge dsock increases, the dominant paradigm is
established earlier, so tha the firms do not have so much time to search for the best
paradigms. Consequently, the dominant paradigm is the worse the higher the initid
capitd stock is, and this negatively affects market competition and performance.

Findly, the parameters tha influence the generation of innoveation ae directly
taken into account, i.e. the parameters that represent the probability to generate an
incrementa or a radicd innovation (", a", RI2").2® In the regression results, one can
only detect a sgnificant influence of the autonomous probability to generate a radica
innovation on the firm number after the establishment of the dominant paradigm: The
higher RI*" is the larger is the number of firms after the consolidation of the market.
Obvioudy, the higher autonomous term hdps firms to generate radica innovations, S0
that it is esser for them to reach the dominant paradigm with a competitive productivity
dter its edablishment. This indicates that the more independently organization sructure
and technology can be found without having to rely on a knowledge stock the essier it is
to gain access to a market - even if it is mature. This result can explan why we dways
find a few markets where consderable numbers of entries take place even in later stages
of their development.

The two probability parameters of generding innovation that are multiplied by the
knowledge sock have some influence on the endogenous market varigbles. The
probability parameter of generating radicd innovations a;" can vay consderably
depending on technologicad and organizationa festures of the respective market. It
would be expected to influence market performance and competition in a podtive way.
The smuldion results again show a more differentiated picture. The higher a;" is the
ealier the establishment of the dominant paradigm takes place. The qudity of the
dominant paradigm is not influenced dgnificantly, but the market performance is worse
if & increases. This can be seen from the price increases and the quantity decreases a
both points in time of measurement. This a the firs glance puzzling result is caused by
the fact that an increase in &;" results in more changes of paradigms which is aways
connected with 50% depreciations of the firms knowledge stock. Consequently, the

5 RI™ influences the probability to generate a radical innovation independently of the level of the

knowledge stock. RI*" equals 0.0025 in the reference specification, in the variations, it is 0.00025,
0.00125, 0.005, and 0.0125.
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knowledge stock of the firms is more often depreciated, so that the market as a whole
has less knowledge available and the frequency of innovations decreases.

The probability parameter to generate incremental innovations &' is aso varied to
show its influence on market performance and compstition. The number of firms and
the dominant paradigm remain unaffected by an incresse of a'. But a;' strongly
influences price and quantity: The higher a&'' is the smaller is the price and the higher is
the quantity at both points in time of measurement. Whereas both other parameters that
influence the generation of radicd innovation afect the <hifts of paradigm, &'
influences the efficiency with which a firm is able to produce under a certain paradigm.
Therefore, as one would expect, increases in a:'" strongly influences the price and the
quantity on the market in an advantageous way for the consumers.

Generdly spesking, the results of the smulation modd correspond to economic
intuition. The advantage of this is tha the results seem to be vdid. But if the
acknowledgement of economic intuition is the only ingght one can gain from the modd
developed here the question would arise why one has to make such an effort to get to
know the known. Interestingly, the results of the smulaion runs ae much more
differentiated than economic intuition would suggest. Therefore, they hep us to
understand market performance and competition much better. The implications of these
ingghts for innovation policy are shown in the following chapter.

5. Condusons

Three theoretical pillars, the product life cycle, technologicd regimes and
technologicd paradigms have been put together here to modd the evolution of markets
in time. At the fird glance, the smulaion results seem to show many of the expected
patterns of market evolution. Yet, when one looks more closdly a them, it becomes
clear that they reved a much more differentiated picture. For example large parts of the
literature suggest that high market entry barriers do not only result in higher prices and
gmdler quantities but aso that the number of firms is smdler if the market entry barrier
is higher. The smulaion results hold true for dl of these suggestions with one
exception: The firm number is pogtively influenced by a higher market entry barier
after the consolidation of the market because the firms that enter a market despite a high
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market entry barier ae fitter to survive the establisiment of the dominant paradigm.
Therefore, there is an additiona incentive for firms to overcome market entry bariers
as these market entry bariers, do not only protect them from competition of market
entrants but also make them fitter for changes within the market.

Obvioudy, it is crucid to know which variadles are rdevant for the decisons
about investments of firms in order to predict the market performance. The smulaion
reults clearly show that it is not sufficient to smply have an idea of the rdevant
decison variables because the effects of these variables are even more important. In the
modd, the decison routine on invesment is dependent on the profit of the firm in the
current period. This profit is reduced by the depreciation rate, the production costs, and
the innovaion expenditures. Although dl these vaiadles have in common that they
reduce the firms profit they influence the invesment decison in totdly different ways.
The investment routine sys that the depreciation of capita is aways invested as long as
the firms profit is pogdtive. In contrast, the level of production costs ae directly
influencing the investments that ae made in addition to the subditution of the
depreciated capital stock. Consequently, the levedl of the production costs influences dl
endogenous market variables, whereas the level of the depreciation rate only affects the
price and quantity after market consolidation. This result is an intereting lesson for
policy makers, because it points out that policy measures must be carefully designed in
order to have the desired effects.

A dmilar hint for policy can be drawn if one looks & the smulation results of the
parameters that influence the firms knowledge stock. Generaly spesking, an increasse
in the level of innovation expenditures has the expected podtive results for competition
and market performance, i.e. smdler prices and more competitors — at least after the
consolidation of the market. In contrast, an increase of the initid knowledge stocks has
negdtive results for competition and market performance. This is due to the fact thet in
cases with high initid knowledge stock the dominant paradigm is established earlier and
therefore the firms do not have enough time to search for better solutions than the ones
provided by the then early edablished dominant paradigm. This result implies that
policy mekers should refran from messures that leed to a rdaive high initid
knowledge stock in new markets, because experience in the market eventudly leads to
much higher knowledge stocks during market evolution and consequently result in a



Market Performance and Competition: A Product Life Cycle Model 24

much better market performance. This result aso shows that competition and market
performance are influenced in a much more postive way for the consumers if policy
contributes regularly to an increase of the knowledge sock, eg. by providing
supporting contacts between firms, univerdties, and other innovative actors,

To deepen the quditaive andyss of evolutionary processes smulaion modes
may be useful to deive judified economic as wedl as policy implicaions (eg.
Badmann/Reichd, 2000). In this paper, a reativdy smple modd was developed.
Neverthdess, the results show that it is possble to derive a differentiated picture of
market evolution as well as some useful hints for policy. An even more differentiated
picture might be drawn if more differences between firms are taken into account (eg.
different levels of innovation expenditures) or if policy measures ae moddled
explicitly. Such modifications promise even more views in the functioning of markets
than the ingghtful smulation results presented here.
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Appendix 1; Index of Variables'®

Qit
Ait
Kit
Qt
D()

output of firmi in period t

capitd productivity of firmiin period t

cgpita employment of firmi in period t

output of the industry in period t

demand curve

industry pricein period t

profit per unit of capital of firmi in period t

depreciation rate of the capital stock

production cogts per unit of capita

rate of cgpitd pent by firmi in't for innovation activities

knowledge stock of firm i in period t

Independent random variable which can equa 0 (no success) or 1 (success)
probability parameter

autonomous probability to generate aradical innovation

productivity level caused by an incrementd innovation in t which may
determine the productivity of firmi in t+1

productivity level caused by a radicd innovation in t which may determine
the productivity of firmi int+1

depreciation rate of the knowledge stock

invesment rate

profit growth rate

minimum capita sock

period of market exit

number of potential market entrantsin period t

number of market entriesin period t

productivity level connected with market entry of firmi in period t

entry barrier

number of firms which produce the industry product in t

number of market exitsin period t

18 variables are listed in sequence of their appearancein the text.
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Appendix 2: Reference Specification of the Variables

A=A = 1
Ki* =Ki™" = 5
R =R = 1

P, = 2000- Q
d = 01

c = 01

fit = 0.007

al' = 01

a" = 0.0025
RI* = 0.0025

R = 05

Kmn = 25

Pen = 20

B = 1
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