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ABSTRACT

in this paper learning-by-doing inveolves a relationship whereby current
period marginal cost is lower the greater is cumulative cutput prior to
the current period only if the owner/manager expends effort in the
learning process. Thig feature is incorporated into models of monapoly
regulation and infant industry protection where it iz found that, even
when the policy maker is unable to observe owner/manager effort, the
complete information seolution is still attainable. This result is
achieved us‘ing a mechanism in which a lump-sum subsidy is given, in the
second period of a two period model, contingent on a particular output
being produced. The novel aspect of this mechanism is that in the
majority of the learning-by-doing literature temporary assistance is given
which is not contingent on a particular ocukbput being produced.
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1. Introduction

Learning-by—doing {production costs falling with cumulative output) and its implica-
tions have been analysed in a number of 1ecent studies. Spence (1981) demonstzated that
welfare is maximized when a single firm chooses current output so that current marginal
cost exceeds current price by an amount egual to the reduction in future production costs
associated with learning-by—doing. Spence also found that learning-by-doing can create
substantial barriers to entry and that these barriers are greatest for moderate rates of
learning.

The implications of learning-by—doing were further investigated by Fudenberg and

Tirole (1984} who found in a two periad model that, for strategic reasons, a firm has
greater incentive to produce in the first {learning) period than in the second (malure)
period. This result led to a novel welfare improving policy, namely, taxing fiest-period
output and subsidising second-period output.
- Price uncertainty was introduced by Majd and Pindyck (1989) who found that this
reduced the importance of learning-by-doing as a determinant of a competitive firm's
current output because learning-by-doing can be viewed as an irreversible investment, the
cost of which is graater the greater is price uncertainty. Nevertheless, learning-by-doing
still had some impact on current output.

Finally, Dasgupta and Stiglitz (1988) argued that in the presence of powerful learning
possibilities there is a tendency for the emergence of dominant firms aad, when entry costs
exist, the emergence of pute monopoly. Therefore, learning~by-doing can affect market
structure.

In all of these papers learning-by-doing involves a relationship whereby current
marginal cost is lower the greater is cumulative output prior to the current period. This fea-
ture is incorporated in this paper but in an amended form. Specifically, learning-by-daing

only occurs if the firm’s owner/manager expends some effort in the learning process.! It

! In this work it is assumed that the firm has an owner/manager so that the effects of eflort on the
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is assumed that effort does nat have & deterministic affect on learning but rather increases
the probability that learning-by-doing will occur.

The idea that learning-by-doing is not costless and requites some managerial effort
il it is to take place was suggested by Baldwin (1969, p.299). Unless an owner/manager
expends effort in monitoring and analysing the production process as well as designing
mechanisms that encourage experimentation, then, although there is potential for learning-
by-doing none might eventuate. One of the innovations in this paper is the addition of
an owner/manager effort variable ia the learning fuaction. The precise form in which
owner/manager effort affects the learning function is outlined in section 2, as is its stochastic
element.

In section 3 this learning furction is used in a two period model of monopoly regulation,
where learning only occurs in the first period. It is found that, even when the effort of
the owner/manager is unobservable to the regulator, the regulator is able to achieve the
complete information solution. The novel aspect of the mechanisin which achieves this result
is that a lump—sum subsidy is paid to the monopolist in the second period, contingent on
a particular output being produced. In Spence (1981) and Dasgupta and Stigiitz (1988) a
lump-sum subsidy is paid to the monopolist, but it is not contingent on output,

A similar result is obtained in section 4 where a model of infant indnstry protection is
considered. The model used is based on Dasgupta and Stiglitz (1988) and involves learning-
by-doing that is internal to the firm. Nevertheless, because a monopoly market structure
may resuit, not all the social benefits of learning~by-doing are necessarily internalised by the
firm. Cuce again it is found that, even when the effort of the owner/manageris unobservable
to the policy maker, the policy maker is able to achieve the complete information solution.
The mechanism that achieves this result involves a second period contingent lump-sum
subsidy. This is in sharp contrast to the bulk of the| literature on jnfant industry protection

where temporary assistance is given in the first (learning) period and is not contingent on

learning carve are not hidden by » principal-agent relalionship hetween shareholders and managers.

2

cutput.
2. Cost Conditions

The firm can produce output in two periods. Period 0 is the learning phase and it is
assumed that learning can ouly occur in this period. Period 1 is the mature phase where
learning has ceased. In period { marginal cost is constant and given by co. In period 1

marginal cost is also constant and given by
e =en— 8- fle), (2.1)

where gg is period 0 output, f(fo) encapsulates the traditional formulation of the learning

curve with f'(go) > 0 and f"(g) < 0, and

P 1 with probability p{a) (2.2)
T L0 with probability (1 — p(a}}, '

where a measures the effort expended by the firm's owner/manager to obtain learning, and
p(a) >0, p"(a) < 0, pla) = Dif a =0, and p{a) < 1 ¥ a. The conditions on p(a) capture
the idea that the more effort that is expended by the owner/manager to obtain learning,

the higher is the probability that learning will occur.
3. A Model of Monopoly Regulation

Given the monopolist’s inverse demand curve, p(q), and costs in each period, the
regulator acts to maximize welfare, always ensuring that at the regulated solution the
monopolist is achieving at least zero profit. If necessary, the latter is achieved via payment

of a lump-sum suhsidy.
3.1. Complete Information

In this section, it is assumed that the regulator can observe the monopolist’s cutput and
costs as well as the amount of effort expeaded by the owner/manager to obtain learning. It
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is also assumed that both the regulator and the moaopolist are risk neutral and that there
is no discounting,

The regulator’s faces a two period problem. In tbe first period the regulator chooses gq,
a, and a lump—sum subsidy to maximize expected welfare. In the second period, given go
and @ and 8 (the uncertainty having been resolved), the regulator chooses g and a lump—
sum subsidy to maximize welfare. To guarantee optimal decisions are made at the end of

each period, this problem is solved backwards.
3.1.1. Period Two

‘Welfare is assumed to be the sum of net consumer surplus (net of any lump-sum
subsidy paid to the firm) and firm profits and it is maximized by choice of output and a

lump-sum subsidy. The regulator’s problem is
max {Wilqi, L1,90,8) = Uln) —pl@) ¢ ~ (L +7) Lt

ol
+p(n)-a—(co— 8- f(a)) - o+ L} o
subject to:
pla) oo ~{co—8-Flao))-m + L1 2 0, {3.2)
and
a2l Lix0 3.3
where
Ula)= [ dayi, (3.4)

50 that the first line on the right hand side of (3.1} is consumer surplus minns any lump-sumn
subsidy paid to the monopolist weighted by (I + 7) (it is assumed that the regulator can
obtain revenue to pay a lump-sum subsidy only through a distortionary tax scheme, so

that the welfare cost of one unit of revenue raised is (1 4 7});? the second line of the right

2 If the weight {1+ 7) is not attached to lump—sum subsidies, then the reguiatar’s two petiod problem,
even in the case of incomplete infoemation, has » trivial solution first enunciated by Loeb and Magat
{1973}, namely, to allow the monopolist to choose price and then subsidise the monapolist to the extent
ol consumer aurplus at the chosen price.

hand side is monopoly profit plus any lump-sam subsidy; constraint (3.2) ensures that the
monopolist makes at least zero profit, and the constaints of (3.3) ensure nonnegativity of
the choice variables.

By period 1, the values of g and & have been determined. Assuming an interior
solution for g7, the solution to this problem is the familiar condition that price is set equal
to marginal cost, p{g1) = ca — 8+ f(g0}, and L; = 0.3 Let the solution to this maximization
problem be given by ¢y = §i(go,8) and L, = .f,l(qg,b"). Denote the maximised welfare

function by Wy = Wy (g0, 0) = W, (q’l(qo,9),jq(qo,9),qﬂ,6|).
3.1.2. Period One

The regulator’s problem is to maximize expected wellare by choasing gq, a, and Lo,
looking forward to the affect these choices have in period two. This problem afler some
cancellation is

max {WE(go,a, Ly) = Ulgo)~co-qo—7Lo+p(a)-Wi(go, 1)+{1 — p(a))-W1(qa, 0)~v(a)}

(3.5)
subject to:
p(9) -0 —ca-go —vla)+ Lo 2 4, (3.6)
and
g=0,az20, Lo20, {3.7)

where W& is expected welfare and v(a) is the cost to the owner/manager of effort with
v'(a) > 0 and v"(a) > 0. It is assumed that an interior solution exist which allows the first

order conditions for the Lagrangian of this problem to be written as

oc

a5 plga) ~ co+ p(a) - f'(ga) - d1(g0, 1)+ A < [mr(go) — o) = 0, (3.8)

3 Given that the demand curve is downward sloping, the second order coundition for n maximuin is
salisfied.



where use has been made of the envelope theorem,

aL

9 — #0) - (Waaon 1)~ Walao, 0)) = (14 A} o'(a) = 0, (2.9)
a%% = R 0 (3.10)
g—fZP(QU)'J?U—CD"ID'*‘LD—U(G):Uv (3.11)

where A is the Lagrange multiplier attached to constraint (3.6) and the menopolist’s
marginal revenue is given by mr(go) = 9’%(&%31 qo+p{g0). It is assumned that the monopolist’s
revenue function is strictly concave, that is 'f"‘—d’ti,?ﬂ <04

From (3.10) it is clear that A = 4.5 Making this substitution in (3.8) and {3.9) and

rearranging yields

plaw) = co— pfa) - f'(g0) - Gi{g0, 1) + 7 - (c0 — mr(go)) (3.12)
and

'a)- (Wilgo, 1) = Walgo,0)) = (1 47) - ¥'(a). (3.13)
The interpretation of condition (3.12) is that ga is chosen so that price equals marginal
production cost less the expected marginal cost saving in pericd 1 from learning-hy—
deing plus the cost of marginal lump -sum subsidies which are required for the monaopolist
to produce positive output. The interpretation of condition (3.13) is that ¢ is chosen
so that marginal expected welfare in period 1 equals the marginal cost of effort to the

owner/manager weighted by {1+ 7).
Given v{a) > 0, at the solution ta (3.12} and (3.13) it is possible for p(q0) > og if the

third term in (3.12) is greater than the second tern.® To simplify the analysis this paper

4 It is also aasumed that (e}, f"(g0), U"(90), and the monapolist’s marginal revenue function are
sufliciently concave and v"'{a) is sufficiently convex that a unique maximam is obtained from the first
order cenditions of the period one problem.

For the solution to the period one problem to be of interegt it must be the case that the solution of
the period one problenu involves 2 > 0 and gp > . Given this it can be shown that A > D so constraint
{3.6) binds. Nething in the problem guaraniees that Lo > 0 so it is possible [or 3 > A. Bawever, for
the purposes ol this paper it is assumed that Lo > 0.

If v{a) =0, then plgu} = cg regardless of the relative sizes of the second and third term. It is also the
case that cp > mr(go)-

abstracts from this case by assuming that + is sufficiently small so that at the solution to
the regulators problem p{q) < co.

Let the solution to the regulator’s two period problem be

(L) and (Gl 0k Er(@.®) or (dale, 1) falw,).  (334)

At this solution
Ly = (@) ~ (pldo) — o) -do > 0 (3.15)
while

£1(90,0) = L1(g0,1) = 0. (3.16)
3.2. Incomplete Information

In this section, it is assumesd that the regulator can continue to observe the moaap-
olist’s output and costs, but can no longer observe the amount of effort expended by the
owner/manager to obtain learning because this is private information. Therefore, the regu-
lator can force the monopolist to produce the optimal levels of output, but it can not force
the monopolist’s owner/manager to expend the optimal amount of effort.

If in period [} the monopolist is given a lump-sum payment of Ly in exchange for

operating at g, the problem the owner/manager faces is

max {r = Lo+ (pldo) — co) - do ~ v(a)}. (3.17)

The sclution to this problem is for the owner/manager to set @ = 0 and so make a profit
of v(&).7 Therefore, it appears that the complete infarmation solution is not attainable
when a lump-sum subsidy is paid in period 0. The problem is that the payment Lq is made
regardless of the value of 8, so there is no incentive for the owner/manager to put in costly

effort and increase the probability of achieving # = 1.

? Setting a = 0 guarantees that # = 0,



However, the complete information solution is attainable if in exchange for operating at
the optlimal outputs ¢o and ¢ {70, 1} or §1{40,0), a lumnp-sum subsidy of £ is made in period
1, contingent ou the output of the firm being §1(¢o, 1) in period 1, and also a noncontingent

lump—sum subsidy/tax of K is made in period 1. The monapolist's problem is now
max {II¥ = K 4 (p(do) — <o) - 6o + p(a) - k — v(e}}, (3.18)

where II¥ denotes expected profit of the monopolist net of the cost of effort. The first order

condition of this problem is

I
- = pl(a) k= f(a) = 0. (3.19)

If
v'{a)
p{a)’

then first order condition (3.19) is identical to first order condition {3.13) at & and the

k = Wilda, 1) — Wi(4o,0) — 1 - {3.20)

monopolist’s owner/manager chooses the optimal amount of effort a.

The expected profit of the monopolist net of the cost of effort is
% = K + (p(go) — co) - G0 + p(&) - & — v(&) (3.21)

which can be made at least zero by choice of K. This guarantees the participation of the

monopolist in the optimal sclution,?

Proposition 1: A regulatory mechonism in which a period 1, noncontingent, lump-sum
subsidy or taz (depending on the size of p(8) -k + (p(do) — co) - do — v(8)) is coupled with a
period 1, output contingent, lump-sum subsidy is able to achieve the complete information

solution, even though the regulator can not cbserve ouner/manager effort.?

8 Essentially K is chosen so that K + p(d) - k = [y, thus guarantesing thal welfnre is the sarae under
complete and incomplete information,
2 Propesition 1 is an application of a well known proposition in the hidden action literature, namely,

thet the complete information solution is atlainable in a principal-agent relationship if the agent is
risk neutral [Shavell (1979)].

This mechanism has intuitive appeal as the regulator wants there to be some paositive
prohabiiity that the firm produces ¢i{4p,1) in period 1 (as long as & > 0), and it achieves
this by making the payment k contingent on ¢y {gg, 1) being produced in period L.

To implement the complete information solution requires a contingent lump—sum sub-
sidy to be paid in period 1 when learaing has ceased. This result runs counter to wost of
the literature regarding learning-by-doing in which a lump=sum subsidy is paid which is
not contingent on a particular output being produced. This highlights the importance of
specifying carefully the information available to the regulator, as very different policies are
optimal depending on whether owner/manager effort is observable or not.

The above model could be extended by allowing ¢p and f{gq) to be private information.
In this case, the models of Baron and Myerson (1982) and Laffont and Tirole {1986) would
be relevant. However, this extension is not carried out in this paper as it would tend to
cloud the importance of the contingent lump-snm sudsidy in period 1 in obtaining optimal

effort from the firm's owner/manager.
4. A Maodel of Infant Industry Protection

The traditional argument for infant industry protection in the presence of learning-by-
doing assumnes that any learning is external to the firm [Kemp 1960, Clemhout and Wan
1970, and Succar 1987].19 However, in this section, & model of infant industry protection is
developed which is based on Dasgupta and Stiglitz (1988) and in which learning-by-deing °
is internal to the firm, the domestic market structure is monopoly, and the foreign market,
where learning has ceased, is perfectly competitive. In thi§ framework there might be a role
for policy intervention because the domestic monopolist may not internalise all the social
benefits of learning—by-doing.

The world inverse demand curve in each period is given by p¥(g + ¢°), where g is

domestic output and ¢* is foreign output. Zero transportation costs ensute that the world

10 learning-by—doing is internal to the fiem then the firm obtains the benefits of any learning and so
does not need protection.



price equals the domestic price which in tura allows domestic consumption to be abtained

from
(g +¢%) = p'(¢"), (4.1)

where p?(g°) is the domestic inverse demand curve. It is assumed that ¢y > ¢* and that
cL = (e — f{go)) < c* for some gq, where ¢” is foreign marginal cost in each period.

Given this data, the policy maker acts to maximise domestic welfare, always ensuring
that at the soiution the domestic firm is achieving at least zero profit. The set up of the

infant industry wodel is very similar to that of the preceding monopoly regulation model.

4.1. Complete Information

In this section, it is assumed that the policy maker can observe the domestic firm’s
cutput and costs as well as the amount of effort expended by the owner/manager to obtain
learning. It is also assumed that the policy maker and the domestic frim are risk neutral
and that there is no discounting.

The poticy maker’s faces a two period problem. In the first period the policy maker
chooses qq, @, and a lump-snm subsidy to maximize expected welfare. In the second period,
given go, a, and # (the uncertainty having been resclved), the policy maker chooses g and
a lump-sum subsidy to maximize welfare. To guarantee optimal decisions are made at the

end of each period, this problem is solved backwards.

4.1.1. Period Two

Welfare is assumed to be the sum of net domestic consumer surplus (net of any lump-

sum subsidy paid to the firm) and firm profit and it iz maximized by choice of output and

10

a lump-sum subsidy. The policy maker’s problem is
Hiax {Wila, L, 20.8) = U"(qf(p‘f’(ql + q{)))
—pY (et +a) -qf(p'{’(m +qr)) “ (L)L (4.2}
+p¢ (e +af) @~ (co— 8- flao)) - 1+ Ln}

subject to:

Wla+a) a—{o-0 flw) a+li20, (4.3)
e —p¥ g +ai) 20, (4.4)
and
g >0, I1 20 (4.5)
where .
vian) = [ e (45)

domestic consumption is given by ¢f;1! the first and second lines of the right hand side
of (4.2) represent domestic consumer surplus minus any lump-sum subsidy paid to the
domestic firm weighted by (14 7); the third line is the domestic firm’s profit in the
domestic and foreign markets plus any lump-sum subsidy; constraint (4.3) ensures that
the monopolist makes at least zero profit; constraint (4.4} ensuces that the world price
with domestic production is less than or equal to c*;12 and the constraints of (4.5) ensure
nonnegativity of the choice variables.

The solution to this problem depends or go. Tet @ be given by co — 8- f{go) = ™. If
qo < do, t.hen co—0-f(go) > ¢t and gs = 0. That is, it is not optimal to produce in period
1 because the product can be imported at lower cost than produced domestically. Clearly

if g =0, then Ly = 0.

1 g5 is & function of world price, pY, which in turn is a function of the sum of domesiic and fareign

putput (Ql + qI)

c* is the world price without domestic production.

12
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If go > qo, then co— 8 flne) < ¢, p¥(@) € ¢, q1 > 0, and g] = 0. For there to be
an argument for infant industry protection, it must be the case that p¥{@ ) < ¢*, otherwise
social and private benefits coincide. Therefore, this paper is concerned with the case where
constraint {4.4) does not bind. If constaint (4.4) does not bind then neither does constraint
{4.3), and the first order condition of the Lagrangian to the period two problem can be
written as

pilg)+ m’g—;q” (n—df) = (Cn ~f- f{fm))- (4.7}

The interpretation of this conditien is that q; is chosen so that the consumers’ marginal eval-
uation of ¢; plus the loss in revenue from existing foreign sales equals marginal production
costs.l? From (4.7) it is clear that pP{q,) > {co — 8- f(go)) and that L, = 0.

Let the solution to this maximization problem be given by § = §i(g,#) and I, =
Li{g0,8). Let the maximised welfare function be Wy = W,(g0,8) and the domestic firm’s

profit at this solution be given by IT;{qq, 8).
4.1.2. Period One

In period one ¢y > ¢* and perfect competition in the foreign country ensures that
pg = ¢*. The policy maker’s problem is to maximize expected welfare by choosing 44, a,

and Ly, looking forward to the affect these choices have in period two. This problem is
L {WE(go,a, L1} = U4{g5(e")) — €™ - g§(e”} ~ (1 + 7)La

+c" g0 ~co g+ Le (4.8)

+ pla) - Wilg, 1)+ {1 - p(a)) - Wilgo,0) - v(a}}

subject to:

¢* - qo —cg - go — v{a) + pla)- I-Il(;;o, D+ 20, (4.9)

13 It is assumned that the revenae function is concave so the second order conditions for a unique maxiimum
are satisfied.

12

and

@z0azl Lg20 {4.10)

where W& is expected welfare; the first line of the right hand side represents domestic
consumer surplus micus any lump-sum subsidy paid to the domestic firm weighted by
{1+ 7); the second line of the right hand side represents the domestic firm's loss in the
domestic and foreign markets plus any lump-sum subsidy; the third line of the right
hand side represents expected welfare in period 1 net of the cost of owner/manager effort;
constraint {4.9) ensures that the monopolist makes at least zero expected profit, and
constraints (4.10) ensure nonnegativity of the choice variables,

Asg this paper is concerned with infant industry protection, the only solution ta the
period one problem that is of interest involves gy > go, go being such that the solution to
the period two problem involves p{’(¢;) < ¢*, and Lo > 0. If go € ¢o, then ¢; = 0 and there
is no role for infant industry protection as it is optimal to produce no cutput in period 1.
If go > g and the solution to the period two problem involves pi{q) = ¢*, then as argued
above, the social benefits of learning-by-doing are all capiured by the domestic firm and
there is no role for infant industry protection. Therefore, this paper is only concerned with
solutions to the period one problem that irvolve gy > gy, the solution to the period two
problem involving p¥(q1} < €*, and Lg > 0.

It is assumed that an interior solution exist to the period one problem, in which case

rearranging the first order conditions of the Lagrangian yields!

(1 £7)-(eo—e") = pla) - #les) Gulams 1} % p(a)-«f-%j;"“ (4.11)
and
Ay (Wilgo, 1) ~ Wilge,0) + 7 - Mi(ga, 1)) = (1 + 1) - v'(a). (4.12)

The interpretation of condition (4.11}is that gq is chosen so that the weighted marginal loss

on pericd 0 output equals the cxpected masginal beaefit of cost savings in period 1 from

4 1t is nsgumed that 2"{a} and f"(go) ate sufficiently concave and v”{a) is sufficiently convex that a
unique maximum is obtained {rom Lhe first order conditiona of the perind ane prablem.
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learning-by-doing plus the expected marginal benefit of period 1 profits in period 0. The
interpretation of condition (4.12) is that a is chosen so that marginal expected welfare in
period 1 plus the marginal expected benefit of period 1 profits equals the marginal cost of
effort to the owner/manager weighted by (14 7).

Lot the interior solution to the policy maker's two period problem, given qo > g, be
@ Lo)  and  (Elw,0) Law,0) or (@l 1) D). (413)

At this solution

Lo = v(@) — (¢" ~ ¢o)-fo — p(@) - (1, 50) > 0 (4.14)

while

L1(90,0) = L1(go, 1} = 0. (4.15)
4.2, Incomplete Information

In this section, it is assumed that the policy maker car continue to abserve the domestic
firm’s output and costs, but can no longer observe the amount of effort expended by the
pwner/manager to obtain learning because this is private information. Therefore, the policy
can focce the domestic firm to produce the optimal levels of output, but it can not force the
firm’s owner/manager to expend the optimal amouut of effort,

If in period 0 the domestic firm is given a lump-sum payment of Lo in exchange for

operating at o, the problem the owner/manager faces is
mjxx {‘N‘ = f/o + {C. — CD) ¥ q_u = U(ﬂ)}. (415)

The solution to this problem is for the owner/manager to set a = 0 and so make a profit
of v(a) — p{@) + 1, (o, 1}- It therefore appears that thie complete information solution is not
attainabie when a lump-sum subsidy is paid in period 0. The problem is that the payment

Iy is made regardless of the value of 4, so there is no incentive for the owner/manager to

14

put in costly effort and increase the probability of achieving # = 1. This result is identical
to that obtained in the monopoly regulation model. It should also be noted that this
tesult provides some theoretical support for the argument that if an infant industry is given
temporary first period assistance, then it never grows up, that is, its marginal cost remains
above that of foreign firms. 1

However, as in the monopoly regulation model, the compiete information solution is
attainable if in exchange for operating at the optimal outputs & and §(ga,1) or @1{go.0),
a lump—sum subsidy of & is made in period 1, contingent on the output of the firm being
di{g0, 1) in period 1, and also a noncontingent lump-sum subsidy/tax of & is made in period

1. The domestic firm's problem is now
max {0F = K 4 (" = ca) - o + ple}- k ~ v{a)}, (4.17)

where IF denotes expected profit of the firm net of the cost of effort. The first order

condition of this problem is

E
%1- =p'la)-k—v'{a) = 0. (4.18)
It
B = Wil =Tl 0y sl pEﬂ; (4.19)

then first order condition (4.18) is identical to first order condition (4.12) at & and the
domestic firm's owner/manager chooses the optimal amount of effort a.

The expected profit of the domestic firm net of the cost of effort is

OF = K 4 (¢" ~ca) - o + pl@} - k — v(a) (4.20)

15 Matsuyama (1990} susmmarises the srgrment that infant industries never grow up if given temporary
assistance. An important difference between the argument in this paper and the traditionsal argument
abont incentives in infant industry protection is that in this papet a lump-sum subsidy is used rather
than a per-unit sudsidy. One should note however that the policy examined in thia paper is optimal
wherens 8 per-unit subsidy is not.
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which ¢an be made at least zero by choice of . This guarantees the participation of the

domestic firm in the optimal solution.

Proposition 2: A mechanism in which a peried I, noncontingent, lump-sum subsidy or
taz {depending on the size of (¢* — <o) - Gy + p(&) - k — v(8)) is coupled with a period 1,
output contingent, lump-sum subsidy is able to achieve the complete information solution

even though the policy maker can not observe ouner/manager effort.

This mechanism has the same intuitive appeal as the monopoly regulatory mechanism
in that the policy maker wants there to be some positive probability that the firm produces
§1(q0,1) in period 1 {as long as & > 0), and it achieves this by makinug the payment &
contingent on §;(go. 1) being produced in period 1.

To implement the complete information solution requires a contingent lump-sum suh-
sidy ta be paid in period 1 when learning has ceased. This result runs counter to most of the
literature regarding infant industry protection and learning-by—doing in which a temporary
protection is given in period 0, when learning occurs, and is removed, when learning has
ceased. Once again this highlights the importance of specifying carefully the information
available to the policy maker as very different policies are optimal depending on whether

owner/manager £ffoct is observable or not.
§. Conclusion

This paper introduced owner/manager effort into the literature on learning-by- doing.
This was done by assuming that current period marginal cost is lower the preater is
cumulative output prior to the current period only if the owner/manager expends some
effort in the learning process.

A cost function which incorporated this feainge wos then imbedded in two period
modals of mopopoly regulation and infant industry protection. The major result was that,

in both models, althougk owner/manager effort was not observable by the policy maker,

16

the complete information solution was attainable. This was achieved via a mechaniswm in
which a lump-sum subsidy was paid in the second period (i.e. after learning had ceased)
contingent on a certain output being produced in that period. As the majority of the
literature on learning-by-doing has the policy maker giving temporary assistance which is
not contingent on a particular output being produced, this paper highlights the need to be
careful when specifying the information available to policy makers because quite different
policies may be optimal under different information assnmptions.

An ohvious extension to this paper is the introduction of incomplete information on the
past of the policy maker about the firm’s costs. However, this paper has not incorporated
this feature in an attempt to bring into as sharp relief as posssible the effects of unobservable

owner/manager effort in models where learning-by—deing plays an important role.

17
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