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Discussion
A L F R E D  M A U S S N E R

Professor K lein’s chapter shows brilliantly how ideas from biological 
evolutionary theory, im aginatively m ixed with economic concepts, 
result in a rieh theory o f economic progress. The chapter is full of 
ideas, propositions, and explanations. In m y view, its m ost fundam en
tal contributions are in applying biological evolutionary theory to the 
study o f economic progress and in uncovering the role com petition 
plays in stim ulating innovative effort. Hence, in the following, I shall 
lim it my attention to the evolutionary concept underlying Professor



Klein’s theory and to the proposed relation between the degree o f com- 
petition and the average propensity to engage in risk taking (PERK).

I start with the differences between biological evolution and eco
nom ic progress or, m ore generally, the evolution o f hum an societies. 
Two principal differences are m entioned by Professor Klein. These are 
different driving forces (physical necessity versus survival in compet- 
itive m arkets) and different kinds o f inputs (a roughly constant genetic 
diversity versus an ever increasing diversity o f  hints for successful 
innovations). I think there is a th ird  m ajor difference: Only hum an 
beings are able to discover what governs both biological evolution and 
socioeconomic evolution, and the knowledge we have obtained about 
the world’s laws o f m otion gives us the power to take our own destiny 
in hand. This is certainly a philosophical argument, but, in as far as it 
is accepted, it changes the role o f com petition in socioeconomic evo
lution. Let me elaborate this point.

From  the viewpoint o f m ethodological individualism , com petition 
is a social institution established by agreem ent o f a sufficient num ber 
o f individuals as a m eans to deal with scarcity. Individual agreement 
to this institu tion hinges on the beneüts accruing from  it. As Professor 
Klein has pointed out, in the long run, com petition is a positive-sum 
game, bu t in the short run, there are winners and losers. Now suppose 
that people are m ore concerned with today’s gains and losses than with 
future gains. In this case, com petition is less favorable, and there will 
be efforts to reduce it.1 Think, for example, o f increasing protection- 
ism. As a consequence, the pressure for technological im provem ent 
and thus economic progress decreases. At the same time, it is profitable 
to exhaust the given technological potential to a higher degree. There- 
fore, dynam ic flexibility, as defined by Professor Klein, declines. 
Hence, the economic system will be m ore vulnerable to exogenous 
shocks. Furtherm ore, if  we accept the hypothesis o f  Uzawa (1968) that 
increasing prosperity shifts people’s attention toward today’s events, it 
will be possible to explain the productivity slowdown during the past 
decade in m ost W estern industrialized countries as a consequence of 
the rapid growth after W orld W ar II.2

W hat I have ju st tried to explain is that there is a connection 
between the outcom es o f given m arket structures (and thus given 
degrees o f com petitiveness and the PERK) and the forces determ ining

1 I have elaborated this point more precisely elsewhere (Maussner, 1986).
2 Neumann (1985) develops a theory of long swings in economic evolution based on the 

interplay between growing prosperity and the favorableness o f competition.



these structures. I think that evolutionary economics should take into 
account the m echanism  based on this connection.

Let m e now turn  to  the propositions concerning the relation between 
necessity brought about by dynam ic com petition and the PERK, as 
m easured by the innovative perform ance o f a firm. Professor Klein 
argues that increasing com petitive pressure tends to raise a firm’s 
PERK  and that w ithout the threat o f  foreign com petition or the entry 
o f  m ore com petitive rivals, the PERK  will decline.

Both propositions seem stränge from  the perspective o f traditional 
econom ic theory. A firm has com m and over a variety o f instrum ents 
to protect profits from  erosion by com petitors. This variety ranges 
from product prices to advertising to lobbying for protection from 
com petition. Thus, there cannot be a single road from m ore com peti
tion to m ore innovative effort. Furtherm ore, in a Nash equilibrium , 
by its very definition, a firm does not change its strategy as long as its 
com petitors do not do so.

In order to prove these Claims, I set up a simple m odel that includes 
the m ain ingredients o f Professor K lein’s model, namely, com petitive 
pressure, product and process innovation, long-run profit maximiza- 
tion that im plies that profits per period fall short o f  the profits a one- 
period profit m axim izer could acquire, and the concept o f  a N ash equi
librium ; that is, the firm takes (implicitly) the actions o f its rivals as 
given when choosing its optim al strategy.

I consider a firm that seeks to m axim ize its present value (i.e., the 
discounted value o f its net cash flow).3 In order to do so, the firm has 
two instrum ents: the price o f its product p  and the degree to  which it 
tries to bring about innovations ir, which is a measure o f the PERK. 
The m odel is entirely determ inistic and contains no im aginative entre- 
preneur. Thus, it cannot com pete in richness with Professor Klein’s 
model, but even in this simple m odel it is by no m eans clear that an 
increase in com petitive pressure raises the PERK. There are values of 
the elasticity o f dem and with respect to product quality e,-Jt conceivable 
for which an increase in com petitive pressure will result in  lowering 
the target level o f the PERK.

This m odel m ay also help to explain changes in the interindustry 
pattern o f the PERK, for its predicts that rising real interest rates (such 
as we have experienced in the m ore recent past) will induce firms oper- 
ating in m arkets with a high eqtX to increase the PERK, while firms 
operating in quality-insensitive m arkets m ay find it profitable to 
reduce the PERK.

3 The model is described and analyzed in the Appendix that follows.



Finally, I should point out that the firm faces no incentives to change 
the PERK as long as its rivals do not change their strategy, that is, x  
(competitive pressure) rem ains unchanged. Thus, only if  the num ber 
o f firms in a m arket is small, so tha t collusion is highly possible, is it 
conceivable that they com m only will agree to lower the PERK.

In concluding, I m ust stress that these results are derived from a 
simple m odel and thus have to be taken with care. Nevertheless, I hope 
they will stim ulate the discussion o f Professor K lein’s ingenious 
chapter.

Appendix: Price and product policy of a profit-maximizing 
firm -  a simple example

Consider a firm facing a linear, downward-sloping dem and curve for 
its ou tput q. I f  the firm does not try to im prove the quality o f its prod
uct via R&D efFort, it will lose custom ers to its m ore innovative rivals. 
This is formally captured by shifting the dem and curve toward the ori
gin. Denote the firm’s product price by p, and the shift param eter by 
x  Then the dem and function can be w ritten as4

q = q(p, x), qrK qx <  0, qpp, qxx qpx = 0 (1)

The change in x  is given by the differential equation

x  = x  — nx, x  >  0 (2)

where x  measures the com petitive pressure on the firm to im prove the 
quality o f its product, and w is a m easure o f successful innovations per 
unit o f tim e t. If  ir =  0, x{t) = xt, and the dem and curve shifts 
sm oothly toward the origin.

In addition to preventing the firm from losing customers, innovative 
activity decreases unit production costs c in successive periods o f time 
according to

c = --kc (3)

U nit costs at a given tim e t are assum ed to be independent o f total 
production and are given by

c = a + c, a >  0 (4)

Finally, assum e that bringing about innovations costs R(ir), R (0) = 0,

4 I denote partial derivatives of the function f(y, z) by fy, f yy, f.., and Derivatives 
of a function in one variable are denoted by prime. Derivatives with respect to time 
are denoted by a dot. All variables depend on time. For notational convenience, this 
is not made explicit.



Discussion by Alfred Maussner

0, R', R"  >  0. Hence, profit a t tim e t is

(p -  c)q(p, x) -  R(ir) (5)

The firm seeks a price and product policy that will maximize the dis- 
counted value o f its profits. Assuming a constant discount rate r >  0, 
this policy is found as the solution o f the following optimal-control 
Problem:

r* oo

{P&X} J o  X>> ~  R ^ e ~" dt

where

x  = x  — 7rx, c = — irc, x(0) = x 0, c( 0) = c0

This solution5 satisfies the following conditions:

q{p, x ) +  (p -  c)qp = 0 (6a)
R \ tt) =  - i p,c -  4>2x  (6b)

= ^ ,(r  +  tt) +  q{p, x) (7a)
+  tt) -  <7.v(p -  c) (7b)

x =  x  — irx (7c)
c = - i r c  (7d)

The equations (6) determ ine at every t e [0, oo] for given values of 
the state variables x  and c and the costate variables and \p2 the opti
mal values o f the control variables p  and ir. These determ ine, in turn, 
via the equations o f m otion (7), the state and costate variables o f the 
next period.

Obviously, equation (6b) im plies that intertem poral profit maximi- 
zation requires w >  0, and hence profits per period are lower than they 
were under short-run profit m axim izing (tt = 0).

A rest poin t o f  the system described by equations (6) and (7) is an 
equilibrium  where =  ip2 = x  = c = 0. The values for the optimal 
instrum ents p  and -r in this equilibrium  are the solutions o f 6

|  P’ -^j + -  “K  = °  <8a)

R’i ) -  - 0 <8b>ir(r +  tt)

5 Because (p — c)q(p, x) — R(ir) is strictly concave in (p, v), and x  = x  — ir.v and c = 
— irc are linear in ir, a solution exists if (p — c)q(p, x) — R{tt) and the two equations 
of motion (7c) and (7d) are continuous and bounded with bounded derivatives. 
(Kamien and Schwartz, 1981, p. 203).

6 For my linear demand curve, this solution is unique and satisfies 0 <  t  < 1, p >  a.



It can be shown that a sufficiently low elasticity o f dem and with 
respect to product quality im plies that there is only one path con- 
verging to this equilibrium .7

From  the equations (6) it can be inferred that along that path, suc- 
cessful innovations m ay have opposite effects on the product’s price: 
In as m uch as they lower unit costs, they induce a price decrease, but 
in as m uch as they lower com petitive pressure, they induce a price 
increase. The innovative effort decreases with decreasing costs and 
decreasing com petitive pressure.8

Now, consider a sudden change in the firm’s environm ent brought 
about by either a rise o f the discount rate r or com petitive pressure x.

The Jacobian of (7) evaluated at the rest point is

J  =

i i x h x
0

X 2

R"
—  TT

R" R"
0 —  7T 0 0

Qx '/'l'Z'2 Qp
X

t \X

2 R" 2 R" R"
gl 'f'l'1'2

0
i i x

2<1P R" Qx R"
T T ---------

R "

with tr J  = 0 and

'PlXdet J  = — x — x +  —— x —R" 2 q^R'

Sufficient for det J  >  0 is

tix  
R" 1 2 UpR"

< 0

Because the stationary value of \p2 from equation (7b) is <p2 = QÄP ~~ a)Kr +  x), some 
manipulations of the foregoing inequality yield [notice that, from (8a), (1 — a/p) = 1/

4x
r +  x

where c, p : = — q„p/q (c, x : = — q^x/q) is the elasticity of demand with respect to the 
price (product quality).

If det J  >  0, J  must have two positive and two negative eigenvalues, because tr J  
= 0. Thus, the stationary equilibrium is a saddlepoint.
The analytical expressions derived from equations (6) are

ÜE. = ~ q* < o  ^  = ! > 0 — = ~ ^ 2 > o  — =
dx  (2 q„) de 2 dx R ” ’ de R"



From  equation (8), the following form ulas for the direction o f change 
o f the target levels o f p  and ir can be derived:

(9a) 

(9b) 

(9c) 

(9d)

A : = - 2 qpR " + qxQ*  [eqx -  2(r + 2ir)], tq,x : = - q ^ / q  
7r(7r +  r)

ött q„qxx{p -  a)
dr (ir +  r f

d i r  _ ^ ' i 1 2)
d x  ir(ir +  r)

dp = _ A_, qW (p  -  g)
dr ir(ir +  r)

d£ =  A_, / Q,R" q2xx{p -  a)(l -  2 -  r)
d x  \  7T TT2(ir +  r)

Hence, the target level o f ir declines when r rises, if  the dem and is 
not too sensitive w ith respect to  changes in  the quality of the product 
(tqx < 2 r + 4ir). In this instance it is better to increase the target price 
level. For a sufficiently large eqx (so that A becomes negative), it may 
be optim al to  increase innovative efForts and to lower the price. An 
increase in com petitive pressure increases w, i f  c„ v <  2 <  2r +  4ir. 
This also holds true if  is sufficiently large, so tha t both A and 
qxq{tq.x ~  2) become negative. But there are constellations o f tqx, r, and 
7r conceivable that will result in a decline in ir when x  rises. N o clear- 
cut answers can be given with respect to price changes as a result o f 
increased com petitive pressure.

Because, in this example, the firm disregards possible reactions o f its 
com petitors, the solution concept implicitly em ployed assumes a Nash 
equilibrium .

I f  one firm reduces its innovative effort as a result o f a higher interest 
rate, and so do its com petitors, the necessity to bring about innova- 
tions x  will decline, reducing ir even more.

In  conclusion, this example aim s to dem onstrate (1) that in a Nash 
equilibrium  there is no incentive for a profit-maximizing firm to 
reduce ir (and thus the PERK) as long as its environm ent remains 
unchanged, (2 ) that increasing necessity m ight not result in more inno
vative effort, and (3) that given a certain environm ent, the degree of 
using prices or product quality as com petitive instrum ents depends on 
the relative effectiveness o f  the two instrum ents.
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