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Although industrial research and devélupment programs may take
as many forms as there are industries—or even Firmsf4in which
significant ressarch expenditures are made, all RRD programs ap-
pear to share two important characteristics:

1. There is a considerable lag between the time the bulk of
the research funds are expended and the time the firm reaps
the benefits-~-the expected higher profits—of that research.

2. There is considerable uncertainty, et the time the re-
search expenditures are made, about the magnitude of the

eventual profit increase.

Of course research praograms share these characteristics with other
pf the firm's 1nvestﬁents, such as expenditures on plant and equip-
ment; but the problem of uncertainty is perhaps more important in
industrisl research than in mast other investments.

Because the return on the firm's research investment is sub-
ject to considerable uncertainty, ué should not in general.expett
a8 firm's manager to choose a research strategy which maximizes
expected profits in any period. Aversion to risk is apparently‘
widespread among entrepreneurs and salaried managers, as well ss
among consumers, in which case ratiaonal behavior would lead to the
maximization of some non-linear function of profits.

In this short esssy, we shall sttempt & preliminary examina-
tion of some of the effects which risk aversion ig likely to have
on industriel research effort. Our first step 15 to determine tha
general characteristics of a firm's optimal (utility-maximizing)
research program. Ue then exeminé the effect of firm size (in
pafticular, sales volume) on a firm's optimal research budget, an

investigation which leads to a rather surprising conclusion and a
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potentially very impartant re-interpretation of recent empirical
studies of the relationship between firm size and industrial re-
search effaort. We consider the effect that & reduction in uncer-
tainty would have on industrial research effort, and find that the
answer is disconcertingly ambiguous and reminiscent of recent

work on the theory of optimal saving undef uncertainty. We exa-
mine the effect of potential competitive entry on existing firms'
optimal research budgets, in so doing reinforcing our earlier econ-
Jjecture that many firms are gquite risk-averss. And finally, we
offer some tentative findings on the probable effect of changes

in market structure on thE‘reseérch putput of an innovative indus-

try, as well as the effect on individual firms in that industry.




I. A Model of Industrisl Research Effort

We suppose that firms invest in reséarch and‘deveiupment be-
cause they believe that doing so will increase tﬁeir future profits,
perhaps by redueing manufacturing cost bélow that of existing or
potential competitors, perhaps by increasing product quality (real
or perceived) and permitting a higher selling price. Ue assume
that there is 2 lesg between the time the research expenditure is
made and the time the higher profits are received; and we further
assume that the magnitude of the future profit increase is not
known with certainty at the time of the research expenditure.

The uncertainty about the payoff to industrial research may
in principle be due gither to imperfect knauladge'about the re-
search technology itself, or to uncertainty ebout the economic
worth of a (known) imnovation. Industrial research programs are
no doubt cheracterized by uncertainty ﬁf both types, but it is
perhaps the economic payoff which is subject to most of the risk.
Firms do not engage in very much "basic" research; with only a few
exceptions industrial "research and develapment" is nearly all
develnpment——the exploitation of wail—knuwn scientific principles
for economic gain, The economic worth of that development is none-
theless subject to considerable uncertainty; a8 chemical menufacturer
may know with virtual certainty that avreéearch budget of X dollars
“will lead to Y new variesnts of a chemical compound, but the worth
~1if sny—of those "discoveries" is étill subject to considerable
uncertainty. A new chemical compound will increase profits only
if it smells better, tastes better, spreads easier, or kills in-
sects faster than existing compounds, or compounds simultaneoﬁsly

developed by the firm's competitors.



We shall try to capture this important characteristic of in-
dustrial research with the following formulation, Let B be the
firmt's research expenditure in some time period, and let RA——a func-
tioﬁ of B—be some well-defined measure of research ocutput in the
next period, a "period” thus being defined as the time lag.between
research expenditure snd resesrch output. Let V be the average
value of each unit of research output—the increased profit marogin
resulting from the research program--sg that the increased profit
margin due to the research budget B is VA, where R=A(B) is s
single-valued function of B, but V is not known with certainty at
the time the research expenditure is made.

We suppose that the firm's manager maximizes the expected util-
ity from profits; and, becausé of the presumed lag between ressarch
effort and research output, we shall assume that utility is ﬁerived
both from current profits and next-period profits. In particular,

we shall assume that the objective is to meximize the expected sum

of the utility generated by current profits and (possibly discounted)

next-period profits; that is, that the mansger's objective is

Maximize EWw= U(Pl') + TEU(P (1)

5)

where Pl and P2

spectively, £ is the expected value operator, and r is the mana-

are current profits and next-period profits, re-

ger's qiscnunt factor.

Let Q be the firm's sales volume in period 1, and let cf} be
the projected sales volume in period 2. 'Let‘ﬂi be the profit mar-
gin in périad 1, and let‘ﬂé be the profit margin in period 2, so

that %.= ﬂia - B, and P2 = TE::Q; and recall that ﬂé is taken to
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be a function of the period 1 research expenditure B. UWe may then

write the objective function (1) =s
Max E W= U(TTl[J-B) + rE U(TTZCQ) (1a)

The necessary condition for an gptimal research budget is clearly
- lQ—B)4—rE@vﬁ%cD)cQ.m§/&ﬂ =0 ‘2)

or U‘(TTlQ—B) = rE[U'(Trch) cQ dTrz/dB] (2a)

A small increése in the research budget B reduces period 1 net
profits by a like amount, while increasing expected next-period
profits. Equation (2a) simply equates the marginal costs and
benefits of research, a necessary condition for optimality.

To gain further insighf into industrisl research proQrams, we
shall have to make some additional simplifying sssumptions. Ue
have defined the increased profit margin due to pericd 1 research
effort asaﬁﬂ% = VA, where A=A(B) is the (known) research output,
and V is the (uncertain) economic value of that research., Let us
go farther and assume that any sdditional profits will be competed
away, SO that‘ﬂé =.Aﬂé = VA: the total ecaonomic profit in periaod:

2 is the rent earned on the firm's "trade secrets," the fruits of
its period 1 research eFFurt.l

Finally, we shall assume that the gutput elasticity of resesrch,

dA

WE ——
a8

i

8
"E" ’
is 2 constant number, at least for small changes in B; and, what

is perbeps a2 stronger assumption, we shall assume that the elassti-

city of the marginal utility function,

(1)}

&= - U(P)P /UY(P) ,




is 8 constant number.2 Since, by assumption,
T, =V A(B) ,
1 (3)

then  dm,/d8 = U A'(B) = Vvwar ! - T, wB”

and the first-order condition (2) mey be written as
' L]

K= -u'(rrlQ~B) + rwa‘ls[u'(wzcu)wzca] =0 | (4)




I1. The Effect of Increased Sales Yolume

Now suppase that the firm's sales volume ) increases by a small
amount. To determine the effect of increased sales volume on op-

timal research effort, differentiate (4) totally with respect to

B and 0 (see the Appendix) and collect terms to obtain

11}

¢ @ Q -1+ - a(‘lTlQ/(TrlQ-B)

@ B T -Ivw-=w-«B/GT0-8) (5)

Equation (5), the elasticity bF optimal research effort with re-
épect to sales volume, asppears at first glance to be rather com-
plicated—it would be much more so but for our rather strong as-
sumptions that of and « are constants—but it readily yilelds some
interesting conclusions, First, note that second-order conditions
insure that the denominator of (5) is neqative,3 and notice that

the numerator is likewise negative, so that, as expected, an in-
crease in sales volume increases optimal reseerch effart. Increased.
sales volume increases the expected worth of sny innovation and

hence leads to an increase in the firm's research budget.

The elasticity £ is less than unity if
W(l-o) < o - ot(TTlQ-B)/(TTlQ'-B) =0
which simply reguires o > 1.
FPROPOSITION: The elasticity of optimal research expenditure with
respect to sales volume is less (oreater) than unity if the elss-

ticity of the firm's marginmal utility function is greater (less)

than unity.

Although this result depernds upon the assumption that « and o
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are constants, 1t does not depend upon the magnitude of w; and ¢
is completely unaffected by the rate at which Futurs‘profits are
discounted and the rate at which sales volume is exﬁect to arow.

A number of cross-section studiesq have found that in most in-
dustries the elasticity of research effort with respect to firm
size (either sales volume or a closely-correlated variable such
as asseté) is less.than unity, et least for "large" firms; and
this finding is sometimes interpreted (perhaps somewhat loosely)
88 supporting an anti-Schumpeterian hypothesis thet increased
firm size reduces the eFFiciency of industrial research proorams.

But eguation (5) sugnests that such an inference is possible only

~if firms' managers are known to be risk-neutral, so that « =0,

In that case, we have

£=-rf-;;,—, | (5a)
which is greater than unity since optimal research prograﬁs exist
for risk-neutral firms only if <1,
If one is willing to assume that firms! managérs are risk-
ﬁeutral, then a finding that § < 1 does inceed support a hypothe-
sis that research efficiency is a decreasing function of firm

size;5

but given the widespread belief that many managers are
risk-averse, that.assumption may be too strong. It is apparent
from (5) that if « > 1, then £ will be less than unity even though
we have assumed that «w is constant and independent of . Unless
ogne is sure that firms' managers are risk-neutral, an empirical

finding that £ is less than unity is seen to contribute little to

the Schumpeterian debate ebout research efficiency and firm size.
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If in fact W is independent of , then (5) also suggests that
a8 lpgarithmic uwtility function may not be 8 very good re‘presenta—
tion of firms' attitudes toward risk, UWith logarithmic wutility
we haveo =1, in which case § =1; but the empiricel evidence seems
to be guite consistent in suogoesting that £< 1, except for some
small firms. In their study of households' demand for risky assets,
cited in footrnote 2, above, Friend and Blume concluded that most
households have a constant-elasticity marginal utility- function,
with elasticity greater than unity, and that firms' portfolio
managers appear to be even more risk-averse than households.

Our discussion above sugoests that an empirical finding that £< 1
is at least consistent with Friend and Blume's conjecture that

d»>1 for some firms' manegers.
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111. Increasing Risk and Dptimal Fesearch Effort

Some research programs are presumably more risky than others
—in the sense that the economic payoff from reseasrch is subject
to more variation-—and if manacers are risk~averse, then tha op-
timal research budget in any perieod will be affected by the degree
of uncerteinty associsted with that research program, A conven-
ient method for examining the effect of increased uncertainty,

first suggested by Agnar Sandmo, is to define a new veriable

veE(fvs @,
where V is the (uncertain) value of a unit of research output, and
{ and © are "shift parsmeters" initially egqual to one and zero,
raspectively. A small incresse in ¢ amplifies the variation in
V and hence inﬁreases.tha vncertainty asbout v—in effect "spreading”
the probebility distribution of v. Ue may effect g "mean-preserving
spreed” in the probability distribution of v by choosing © such that
d@/d¥f = -EV, since in that case |

d(Ev)/d¥ = EQV + d&/df) = E(V=-EV) =0

Replacing V with v, in equation (3), and then differentiating

the first-order condition (4) with respect to § (see the Appendix),
we obtain |

dk/dy = (l-o\)wrcaﬂB_lE[U'(Pz)(U-E\I)J (6)

If U is concave, then U'(Pz) is a decreasing function of V (since
P, =T,c0 = VAcO);and it is then easily shoun thet E[u'(Pz)(u-EV)]
is negative. Hence d¢/d¥ < 0 for«< 1, and dié/dd > 0 for« > 1.

Since second-order conditions insure that (4) is a8 decreasing

function of B, we can immediately assert the following:
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PROPOSITION: An increase in the riskiness of research will de-
crease optimal research expenditure if &, the elesticity of the
marginal utility function, is less than unity, and increase opti-

mal reseerch expenditure if & is greater than unity.

This father startling result is reminiscent af similer findihgs
in the theory of optimal saving under uncertainty.sa
The economic interpretation ufbthe sudden "watershed" at« =1
is far from clear. In one-period models, increased « may be inter-

preted as increased aversion to risk—o is fregquently referred to
as a "coefficient of relative risk sversion"—and = finding that
large o leads a firm to do more research as it’ becomes more risky
could perhaps be intuitively justified by arquing that a manager
who is extremely risk-averse is dominated by the fear of earning
very low protits and hernce protects himself against the greater
risk of low profits by doing more research. In multi-periocd models,
however, the coefficient o is clearly not an unambiguous measure
of a managerts aversion to risk—it apparently measures some com-
bination of risk aversion and time preferences—-end little more
can be said here than to note the importance of the magnitude of
o in the firm's optimal response to increased uncertainty about
the economic return on its resesrch.

The results of the previous section sugogest that we should
not rule out the possibility that «>1 for many firms' managers,
in which case a reduction in the riskinmess of industrisl research
would lesd to a reduction in optimal research effort. Unfortunately,

we do not know of any empirical evidence which indicates that in-
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dustries in which research is more speculative enqaqe_in either
more ar less research than do industries in which research.is re-
latively riskless., If, however, one were willing tavaccept Friend
and Blume's conjecture that « > 1, and if one believed that the ex-
pansion of industrial research was sound public policy (perhaps
because industrial research generates external benefits), then

one might wish to effect & "mean-pressrving spread" in the dis-
tributian of firms' research-generated profits. This is in princi-
ple guite easily done, requiring simply 2 reduction in corporate

income tax rates, combined with an increase in lump-sum taxes ta

leave the expected value of net profits unchanged.
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Iv. The Threat of Entry

1t is widely believed that the threat of entry info.an innova-
tive industry has a role in determining the rate of technological
progress in that industry; and there is some evidence that in-
creased threat of entry encourages innovation. F.M, Scherer, for
exaﬁple, has argued7 that "there is sbundant evidence from case
studies to support the view that sctual and potential new entrants
play a crucial role in stimulsting techrnical progress, both as
direct sources of innovation and as spurs to existing industry
memhers;" and he lists a larnge number of innovations brought about
by new entrants, as well as a somewhat smaller number of innove-
tions brought about becsuse "the threat of entry through innova-
tion by a newcomer stirulasted existing members [Df an industry]
to pursuve well-known technical possibilities more sggressively.”
As an example of the effect of potential entry omn innovation in
the radio industry, Scherer notes 5.G. Sturmey's conclusion that
"where the entry of significant competitors appears to be impos-
sible, innovation will be slow; when the entry of significant com-
petitors is possible, innovation will be much faster."a

e shall not examine, in this essay, the proposition that nem'
entrants in an industry are often "direct sources of innovation."
Rather than focusing on any direct role which potential entrants
play in the "inmnovative process,”" we wish to exemine the asser-
tion that increased threat of entry into an innovative industry
stimulates existing members of the industry to increase their re-
search effort. UWe do not deny that this is so; indeed we know of

no evidence to the contrary. But we shall argue below that the
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hypnthesis that an innovative firm increases its research effort
in response to an increase in the threat of entry may not be con-
sistent with a hypothesis of risk neutrality. UWe shall show, how-
ever, that increased research effort is the expected response to
an increased threét of entry if firmg' managers are sufficiently
risk averse. |

We have assumed throughout this essay that thé eventual econc-
mic return on é firm's research expenditure is not known with cer-
tainty at the time the expenditure is wmade. Among the reasocns
for this uncertainty is surely the possibility that a "potential
competitor" will effect a similar, or superior, innovation and
enter the industry, thus reducing existing firms' expected profit
margins, sales velume, or both., We may re-define the expected
next-period profit E PZ in a way which separates the effect of new

entry from the other sources of uncertsinty. Define

i

E P, (1—4>+4>X)Epé, (7

where E P!

5 E(nbc:Q) = E(VAcQ) 1is the expected profit in

period 2 if entry does not occur

¢>is (the firm's subjective estimate of) the probability

that new entry will occur
X (€ 1) is the fraction of profits which will be retained
if entry occurs
Using the above notation, we may write the first-order condition

(L) as

X
[

~UN T -8) « rwe“ls[uv(pz> PZ] ()

1}

’ -1 ' 1
-U' (MR -8) + (1-$rws E[”'(PZ)PZJ (8)

+ {>rua‘ls[u'(xpé) X pé] -0
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Now differentiate (8) with raspect to ¢ to obtain

ot /dg = TwB'lE[U'(XFg,_) XPh = U'(PL) P;J E (9)

Since X< 1, the bracketed expression in (9) will be positive if
yU'(y) is a decreasing function of y, and negative if yU'(y) is
incréasing in vy,

Now d[yU'(y)] /dy = U'(y) + yu"(y) (10)

and, using the definition of &, we may write (10) sas
d[yU‘(y)]/dy = (1-4) U'(y)

which is positive if 4 <1, and negative if d>1, It follows at

once that (9) is positive when o 1, and negative when o< 1.

Second-grder conditions insure that (4') is decreasing in B, so

an increase in ¢ leads to an increase (decrease) in optimal B if

o is greater (less) that unity. Hence we can assert the following:

PROPOSITION: An increase in the perceived prnbability of competi-
tive entry will increase (decresse) optimal research effort if o,
the elasticity of the marginal utility function, is greater (less)

than unity.

Broadly similar results have been noted in the'previously—
cited optimal saving literature. By assumption, an ihcrease in
the pfobability of competitive entry reduces expected profits,
either by reducing the existing firms' expected seles volume or
profit margin, so thet an incresse in the perceived threat of en-
try is eguivalent to 2 downwerd shift in the expected return to
research, with no change in the variance of that return. In ap-

timal saving models, it hss frequently been noted that an increase
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in the rste of return on savings and an increase in the vaerisnce
of that return have opposite effects on optimal cspital accumula-
tion; given the formal similarity betuween our model of industrial

research and these models of optimal accurulation, it is not too

surprising that some of our results are gualitatively similar.
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V. Are Firms Very Risk-~Rverse?

We have offered some circumstantial evidence in support of the
hypothesis that firms' managers are in fact guite risk-averse.
In particular, if one assumes that managers derive utility from
a firm's profits, and makes the rathervstrnng,vhut not implausible,
assumption that managers' marginal utility functions have a con-
stant elasticity over the expected range of profits, then cgur analy-
sis suggests that the elasticity of that marginal utility func-
tion is greater than unity. Assuming that elasticity to be greater
than unity leeds to two results which are consistent with empirical
observation:

1. The elasticity of optimal research effort with respect

to sales volume is less then unity, and

2. An increase in the threat of competitive entry increases

optimal research effort.
Moreover, we noted earlier that from empirical analysis of house-
holds' investment in risky assets, Friend and Blume concluded that
households appear to hasve constant-elasticity marginal utility
functions, and that the elasticity is probably greater than unity;
and they noted that firms' portfolioc managers, at least, appear to
have utility functions with even greater elasticity than do house-
holds. |

These are only three fragments of evidence in support of a
marginal-utility-elasticity-greater-than-unity hygothesis; but,
as far as we know, thet 1s three more then have been offered in

support of, say, a riék—neutrality hypothesis.
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VI. Antitrust Dissplution and Industrial Research Cutput

Supposs that n firms in some industry are engaged in research
and development; and assume for simplicity that those n firms
have identical profit margins, sales volumes, utility functions,
and future expectations, so that each firm has the same optimal
research budget B. The research output A =A(B) will than be of
the same magnitude for every firm—the same number of patents,
or new chemical compounds, for example—but it is perhaps too
strong to assume that the firms' research output will be identi-
cal in every respect. If every firm produced exactly the same
research "bundle," then total industry research output would
equal A,.mhile tatal reseafch expenditure would egual nB: all
firms carry ocut the seme experiments, so that (n-1) of the re-
search programs are redundant. This seems unlikely—indeed it
is far from clear that in this’case any econgmic rent could be
earned on a firm's research, since all competitors would make the
seme product improvements simultaneously—so we shall assume that
the n firms' research output is somewhat heterogeneous. In that
case the total industry research output is greater than the output
of & single firm, but less than the product nA unless the firms'
research programs are perfectly complementary.

Let the "effective" research output of an innovative industry

be the product Sll, where 8 is defined by

=14 (n-D7p

and let the parameter T be a messure of the "research caomplemen-

9

tarity" in the industry. If =1, then (by assumption) all re-
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search programs are perfect complements; no duplication of effort
nccurs,v8==n, and the "effective" research output £n is equal to
nA.. If T=0, then all research programs are perfect substitutes,
851, and the effective research output $nis simply equal toc a
single firm's research output. 1If, as seehs likely, T is non-
zero but less than unity, then 1< 8§ < n: the effective research
outputSA is grester than the output of & single firm, but—because
of certein redundancies—less than the potential research output
nA,

We have established that if «, the elasticity of a firm's mar-
ginal utility function, is greater than unity, then a reduction in
sales volume Q will lead to a smaller-than-proportional reduction
in optimal research effort. If there are non-increasing returns
to research effort, that is, if w<1, then the fall in the firm's
research output A will likewise be proportionately less than the
fall in . Now suppose an antitrust dissolution leads to an in-
crease in the number of firmsrin an innogvative indusiry, each of
the resultant firms being smaller than the original firms, 1Is it
possible, on a purely theoretical level, that industry research
output §A will be increased?

In order to simplify our analysis, let us assume a continuum
of firms, so that a small change in n is feasible. The change in
total industry research output is

d(6R)/dn = § dA/dn + A df/dn (11)
Now d8/dn = (12)

di 3R 2B 20

and dn = 2B 20Q n (13)




|

20

Since total industry sales volume nQ is taken to be constent, we

have 20/2n = -0/n. From the definition of w3, we have PA/28 =
wA/B. And by definition, 28/20 =€ B/0 (see eguation (5)).

Hence we may write (13) as

g wh EB O |
o =T TE g w T - WEA/m (13a)

5#bstituting (12) and (13a) into (11), we have
d(8A)/dn = A(T - dwg/n) ,
which is positive if
™n/8 > wE (14)

The left side of (14) 3is less than unity (see the dafinition of &),
s0 a necessary condition for an antitrust dissolution's leading

to increased industry research cutput is that the product w§€ be
less than unity, ME have already noted the empirical evidence

that € € 1; there are also a small number of empirical studies
suggesting that @ is no larger (and perhaps smaller) than unity

in most industries.lD Thus it is apparently possible that dissolu-
tion could increase a representative industry's research output.

To say that such an outcame is possible is not to say that it
is likely. We do not know how much duplication of effort takes
place in industrial researcﬁ programs; but there may be considerable
redundancy, in which cese T could be guite small. The product wE
is apparently greater than 0.5 in must industries studied; there-
fore ®n/§ » 0.5 is apparently necessary if d(6A)/dn is to be posi-
tive. It is easily shown that if n=~4, this reguires 7> 0.,2;
and for n=2, ©>» 1/3 is necessary. These values do not-seem to be

outside the realm of possibility. Kith & firms, and T = 0.2, for
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example, industry research outﬁut §A is only 1.6 times the output
of a single.representative firm; thus even if consideresble dupli-
:cation of effort takes place, total industry research output could

conceivably be increased by dissclution.
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VII. Summary and Concluding Femarks

22

In this initiel =ttemnt to gain some understanding of the ef-
fects of risk and risk aversion.on industrizl research effort, we
constructed a‘highly stylized two-period model in.which firms can
incresse the expected magnitude of future profits by engaging in
"research and development." A pne-period lag between research
effort and research "output"—with resultant higher profits—uwas
assumed; and the magnitude of the eventual profit increaée was
assumed not ta be known with certainty at the time the research
expenditure was made. The firm's manager was taken to be a utility-
maximizer and to derive utility from current and next-period pro-
fits; unless a manader is risk-irdifferent, however, his utility
function will be é nan~linear function of profits. In the interests
of tractability, we assumed that the manager's objective was_tn
maximize the expected sum of first- and second-period utility, and
that the margimal utility of profits in either period could be
characterized as a constant-elasticity function of those profits.

Given these, es well ss some cther, less important, éssump-
tions, we were able to define a utility-maximizing research budget
in 8 way which ailomed some comparative static experiments to be
carried out. UWe were able to show, for example, that an increase
in sales volume increases optimal research expenditure, and—s less
obvious result-~that whether the elasticity of optimal reseesrch ef-
fort with respect to sales volume is grgater or less than unity
depends only upon the magnitude of ®, the (constant) elessticity of
the manager's marginal utility function, If d>1, then £, the
elasticity of optimal research effort with respect to sales volume,

is less than unity; if «<1, then £>1.
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e added the notion of "potential cempetition" to our model

by assuming that an innavetive firm continually faces some risk
that new entrants will develop similar or superior prﬁducts and
reduce exiéting firms' profit margins, s=zles volume, er both. FAn
increase in the perceived probability of competitive entry affects
existing firms' optimal research budgets. Interestingly, whether
an existing firm will increase or decrease research effort in the
face of increased threat of entry was found to depend solely upon
the elasticity of the firm's margiﬁal utility function: if o 21,
then increased threat of new entry leads to increased research
effort; if o< 1, the firm cuts back its research budget.

Since there is considerable empirical evidence that the elasti-
city of research effort with respect to firm size is less (or at
least no greater) than unity in most industries; and since 8 num-
ber DFvcase studies are said to indicate that irmnovative firms
respond to an increased threat of competitive entry by raising
research budgets,Athen pur analysis suggests that ﬁany firms' mana-
gers are not risk—neutrai, and that in fact their utility functions
are very far from being limear functions ot prafit. If the assump-
tion of bonstént—elasticitv marginalAutility functions is approxi-
mately true, then it appears that that elasticity ié greater than
unityvfor many managers (ristneutrality reqguires an glasticity of
zerao).

Government taxation policy éan increase or decrease the possi-
ble range of oputcomes from a research pfogram: the higher the cor-
porate income tax rate, for example, the narrower is the difference

- between the highest and lowest returns to research. Gur analysis
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suggésts that if the elagticity o is in fact greater than unity,
then & reduction in the uncertainty ebout the payoff from research
will reduce optimal research effort, while an increase in uncer-
tainty will increase research effort. The intriguing—though ob-
vipusly highly speculative—implication of this finding is that a
central government might be able to increase industrial research
effort simply by reducing corporate income tax rates, replacing 
them with higher lump-sum taxes in order to leave 2Xpected after-
tax pro?its (and tax revenues) unchanged.

If €, the elasticity of research expenditure with respect to
firm size, is less than unity, and if W, the elasticity of re=-
search output (however defined) to fesearch expenditure is lika-
wise less than unity, then effective research output will érow
less than proportionately with firm size. In section VI, we con-
sidered the following question: is it possible, at least,in prin-
ﬁiple, that a reduction in average firm size—due, for example, to
an antitrust dissolution—cpuld increase the eFFeétive research
cutput of the affected industry? UWhether the answer is positive
or negative depends upon the magnitude of € and ;«J(the product gw
must be less than unity), and upon the degree of "complementarity”
among firms' research programs; but our snelysis suggests that at
least on a theoretical level, it is by no means impossible—and
perhaps not sven improbable-—that dissolution could increase an

industry's effective research output.
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Appendix

1. Derivation of equation (5)
The first-order condition for utility maximizatliaon is given .

by equation (4):

-U'(TrlQ-B) + rmB—lE[U'(TTZCQ)Tr'ZcQ] =0 : (&)
or U'ﬁHQ—B)==rw8-1E[UWﬂ%cQ)ﬂécﬂ] (La)
Bifferentiating (4) totally with respect to B and Q, we have

] -1 n :
[-u (PO + rwB .E[U (PP,TLG + U'(Pz)ﬂzc]} dq

(a1)
+[U"(P ) - reag”? E[U'(P )P:] + rwz.a‘ze[u"(P WL ur(p )P]}cﬁ -0
1 2P 2P 2P 5

where Pl = ﬂ&Q-—B; and P2 = né::@.

Using the definition « = -U"(P) P/U'(F), we may write (Al) as

-1 -1 -1
,E‘“'(Pl)"lpl + (1-a)rwB L EUrPPL0 ]}tﬂ a2

+ {-4U'(P1)PII —"rwB"z(l - W+ W) E[U'(Pz)Pz]}dB = 0

Substituting from (4a), and dividing both sides af (R2) by U'(Pl),

we have

[ekTTl Q/P1 + 1 - e(] daq/n - [a(B/Pl +1-~ w+am] dB3/8 = 0 (A3)

from which equation (5) immediately follows.

2. Derivation of eaguation (6)
Replacing V with v = §V+ H, we may write the first-order con-
dition (4) as

K = .—U'(F’l) + rwa“ls[u'(AcQ(e'v+9))AcQ(6u+e)] =0 (AL)
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Differentiating (AL) with respect to ¥, and letting d@/d¥ = -EV,
we have |

dv/al-

it

rws! E[U"(F'Z)PZA c0 (U’-EV)] | o
R (R5)

1

+ TwWB T E U'(PZ)F\ c Qv —E\!)J'

i

ru)B-lﬂcQ(l-d)E[U'(PZ)(V-EU)] ‘ ' (6)
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Notes

1. This would be the case if, for example, the firm's trads se-
crets were lost to existing or potential competitors after gener-
ating profits for ome period, so that the trade secrets which
generated the first-period rents would contribute nothing to se-
cand-period profits. Given the speed with which trade secrets
are stolen from innovative firms (see, for exemple, Telex v. IBM,
367 F.Supp. 258: DC 0Okla. 1973), this may be only a slight over-

simplification.

2. Although this is & strong assumption, it is not completely
without empiricel support. In & recent study of households' de-
mand for risky assets, Irtwin Friend and Marshall £, Blume concluded
that many households, at least, appear to have constant-elasticity
marginal utility functions. |

3. If the utility function is concave, then the second-order condi-

tion is satisfied if there are non-increasing returns to research,

that is, if W& 1,

L, There heve been at least a dozen studies of the relationship
betwsen firm size and research effort. 5See in particular F.M,
Scherer (1965), H,G. Grabowski, W.5. Comanor, and, for a survey of

other studies, Morton Kamien and Nancy Schwartz.

5. Suppose that A =A(B,0), with 2A/20< 0. Then rather than (5a),
we have £ = (1-8)/(1-w), where e = -(RA/DPQ/A>0; and £<1
if e» ww. Given the presumption of profit maximization eand risk
neuvtrality, a finding that £ <1 suggests that research efficiency
is a decreasing function of firm size., The converse is of course
not true; a finding thet £ >»1 would not imply that research effi-
ciency is an increasing functien of firm size. On this point

see also F .M. Fisher and Peter Temin,
5a. See Edmund Phelps, D. levhari and T. Srinivesan, and Sandmo.
6. In this point see Larry Selden,

7. Scherer (18970), p. 377.




8. Sturmey, p. 277.
9. This notion of "research complementarity" is due to Larry Ruff,

180. See, for example, Edwin,Mansfield,'CGmanqr, Scherer (1965),

~and, for a survey of other studies, Kamien and Schwartz.
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