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Abstract

In this paper I show that, contrary to Becker’s (1962) Human Capital theory and consistent with
the evidence, in a frictionless labor market model firms pay for general training, while the worker
receives the full return on general training, and the worker and the firm share the returns on specific
investments. Furthermore, the presence of general training helps to alleviate the firm’s incentives
to underinvest in specific training and that delayed general training helps to alleviate the worker’s
incentives to underinvestment in specific training because general and specific training are strategic
complements.

I also show that these results are robust to long-term contracts and that several institutional
arrangements that help to alleviate the underinvestment problem in specific training may also help
to alleviate the underinvestment problem in general training.

Keywords: General and Specific Training, Hold-up Problem, Frictionless Labor Market, Wage
Floors

JEL-Classification: J41, J24, D21



1 Introduction

In the standard theory of human capital as developed by Becker (1964), there is a sharp distinction
between general and specific training. Training is specific to a relationship to the extent that its
value is greater within the relationship than outside, whereas is general when is equally valuable
inside than outside the relationship. In a competitive labor market, according to the standard
Human Capital theory, the analysis of general investments is straightforward. Workers capture
the full return on their general training and the firm never pays for general training.! In contrast,
specific training combined with contract incompleteness creates quasi-rents that may not be divided
ex-post according to the parties ex-ante terms of trade. This renders markets forces insufficient
to deter parties not to behave opportunistically; that is, the parties share ex-post their returns
to specific investments, and thus, underinvest in specific training takes place. In this paper, I
show, consistent with the evidence, that in a frictionless labor market firms usually pay for general
training.? Hence, neither credit market restrictions nor labor market imperfections, as argued by
Acemoglu and Pischke (1999), are needed to induce firms to provide and pay for general training.
Furthermore, as in Becker’s Human Capital theory, workers receive the full return on general
training and firms and workers share the costs and benefits of specific training.

Our model differs from Becker’s model in that I analyze general and specific investments to-
gether, yet I assume that general and specific training are neither complements nor substitutes in
the production function. So, none of our results are driven by technological considerations. In this
framework, I show, first, that general and specific investments are strategic complements. When
specific training is analyzed together with general training, the presence of specific training creates

quasi-rents that have to be divided ex-post between the worker and the firm according to the outside

!There is one caveat here, workers must have free access to the credit market.

2 The evidence on the existence of firm-sponsored general training is vast, see, for instance, Bishop, 1997; Loewen-
stein and Spletzer, 1998; Pischke, 1997, and Acemoglu and Pischke (1998). The most common examples are the
German apprentice system which is common in many countries today, and the temporary help agencies in the U.S.,
which provide general training to new employees, such as computer skills, and bear the full monetary costs (Autor,

2001).



option principle. That is, the worker gets paid his outside productivity whenever his share of the
surplus (output) is lower than his outside productivity, while he shares the total surplus with the
firm when his share is larger than his outside productivity. Thus when the surplus sharing outcome
arises the firm appropiates, ex-post, a share of the returns to general and specific training. This
induces the firm to pay for general training. This plus the fact that the surplus sharing outcome
is more likely to arise the larger is the investment in specific training, makes specific and gen-
eral training strategic complements. Hence, the bilateral monopoly generated by specific training,
while creates incentives to underinvest in specific training, it creates incentives to invest in general
training.

I also show that the strategic complementarity between specific and general training helps to
alleviate the hold-up problem. The reason being that in those states in which the worker gets paid
his outside productivity the firm gets the full return on its investment in specific training because
the worker’s outside productivity depends only on general training. Given that a larger investment
in general training increases the worker’s outside productivity, more general training makes the
firm more likely to get the full return on its investment in specific training.

The strategic complementarity between specific and general training has another benefit that
arises only when the firm delays its investment in general training, which is to increase the worker’s
incentive to invest in specific training. The reason being that a larger investment in specific training
results in a larger future wage, because it induces the firm to invest more in general training. In fact
I show that when the firm’s and the worker’s expected payoffs are supermodular, delayed general
training is welfare enhancing. The fact that investment in general training is delayed is not at odds
with the evidence. For instance, Loewenstein and Spletzer (1997) find that delayed formal training

seems to be the norm rather than the exception.?

3 An standard example of delayed general training is the MBA graduate education. In many cases the tuition for
these programs is partially paid for by the firm at which the students used to work. Furthermore, casual evidence
suggests that the longer a worker had been in the company (more specific training accumulated), the more likely is
that the firm pays for part of the MBA education. This suggests evidence on the complementarity between specific

and general training.



Finally, I argue that these findings are robust to the introduction of long-term contracts and
show that some commonly observed institutional arrangements may provide the firm with more
incentives to invest and pay for general and specific training. In fact, I show that: (i) a properly
chosen minimum wage, contrary to the prediction from the standard Human Capital theory, may
increase the equilibrium training levels; and (ii) that an up-or-out rule (Kahn and Huberman, 1988)
and the policy of attaching wages to jobs (Prendergast, 1992) may result, not only in more specific
training as usually emphasized, but also in more firm-sponsored general training.

Our paper borrows ideas and relates to the literature that attempts to solve the hold-up problem
through contractual arrangements. Chung (1991), Aghion et. al. (1994), and Noldeke and Schmidt
(1995) analyze contracts, while incomplete, can achieve the efficient outcome. These papers have in
common that at the renegotiation stage one party holds the entire bargaining power.* That party,
by essentially becoming the residual claimant has the incentive to invest efficiently. Edlin and
Reichelstein (1996a, b) assume that parties write a contract that specifies a fixed trade price and
a quantity, and after realizing the gains from trade, the parties renegotiate to the ex-post efficient
quantity, with the bargaining surplus divided between them according to their relative bargaining
power. They show that this renegotiation process by itself leads to underinvestment, but that also
each party has an additional incentive to invest in order to improve his disagreement outcome.
Hence, under certain conditions, an appropiately chosen initial contract can provide the parties
with the right incentives to invest at the socially efficient level. Our analysis, while it borrows
from this literature, is different because it concentrates in cooperatives investments, whereas this
literature focus on self-specific investments.

Cooperative investments of the type I consider here have received little attention. MacLeod
and Malcomson (1993a, b) treat cooperative investments by only one party. They do that through
a contract specifying a trade price, and non-trade price and a outside-option price such that the

non-investing party outside option is always binding. Since the specific investment does not affect

*Some of these papers just assume this, while others derive this from a particular bargaining procedure or com-

plicated bonding schemes.



the outside option, the investing party gets the full return of his investment, and therefore invests
at the efficient level. Che and Hausch (1999) is the most complete treatment of cooperative in-
vestments. Their main finding establishes that when parties cannot commit not to renegotiate and
investments are sufficiently cooperative, there exists an intermediate range of bargaining shares
for which contracting has no value; that is contracting offers the parties no advantage over spot
contracting.” When the investment are purely cooperative, contracting become worthless for the
entire range.

There are also other papers showing that firms pay for general training, yet all of these assume
that the labor market has frictions. Acemoglu and Pischke (1998, 1999) argue that labor market
imperfections may explain why firms pay for general training. They show that when labor markets
imperfections distort the structure of wages within the firm away from the competitive benchmark
and to the benefit of unskilled workers, it will be profitable for firms to provide workers with
general training. The reason being that labor markets imperfections make general skills specific in
the sense that trained workers do not get their full marginal product when they switch to another
job. Chang and Wang (1996) and Katz and Siderman (1990) make a very similar point in slightly
different context. They assume that when investment in general training is not observed by potential
employers and is not contractible —so potential employers do not know trained workers’s marginal
product— trained workers’ outside offers do not fully reflect their productivity. They show, as I do,
that there is underinvestment in human capital, and that in equilibrium the investment in general
training is positively related to the probability that a worker stays with the same employer in the
second period. There are no papers as far as I know that address cooperative specific investments
coupled with general investments in a competitive market as I do.

The rest of the paper is as follows. In the next section, the model is presented. In section 3,
the efficient training levels are derived. In the next section, section 4, I show that in a frictionless

labor market, general and specific training are strategic complements and that firms pay for general

®They assume as in Edlin and Reichelstein that the bargaining shares of the parties are exogenously specified, yet

in their model the parties do not face outside options as is the case in our model.



training. In section 5, I study the consequences of long-term contracts and institutional arrange-
ments over the firm incentives to pay for general training. In particular, I show that a minimum
wage law, an up-or-out contract and the policy of attaching the wages to jobs may induce the firm

to provide more specific and general training. In the last section concluding remarks are presented.

2 The Model

I consider a two-period model between a firm (f) and a worker (1), both of whom are risk neutral.
At the beginning of period 1, which is viewed as the early career of the worker, the firm and the
worker negotiate a contract for the supply of one unit of labor for each period. At the beginning
of period 1, the worker and the firm undertake non-contractible relationship specific investments,
denoted by s; and sy, respectively, and after observing these investments the firm decides how
much to invest in non-contractible general training, denoted by g. At the beginning of period 2,
productivity shocks, denoted by n and ¢, that determines the value of trade at t=2 between the
incumbent firm and the worker and the market and the worker are realized. After the productivity
shocks are realized, the parties may trade at the contract wage, or alternatively, they may either
refuse to trade or contract to trade with a third party instead. The parties may also renegotiate
the terms of the original contract, but this requires both to agree. In the absence of agreement,
either the original contract remains in place or the agents may trade with a third party instead.
The renegotiation procedure, which I discuss below, is based on the outside option principle found
in Shaked and Sutton (1984). The output (joint surplus) in period 2 is u(s) + v (g) + 7, where
o = (sy,51,9) . The output in period 1 is given by the constant 7 = v (0), with x(0) = 0 and
v (0) > 0,5 which is the productivity of the worker when there is no investment in specific and
general training. For trade with third parties, let v (g) + & and © > 0 denote the worker’s and the
firm’s second period payoffs, respectively.

Notice that general and specific training are neither complements nor substitutes in the pro-

5Bold denotes vectors.



duction function and that general training has the same marginal product inside the firm as in
the market; that is, g is complete general in the sense of Becker’s (1964). This is to ensure that
our results do not depend on either the complementarity or substitutability of general and specific

training.

e Assumption 1: (i) For all s € Q, p(s) is bounded above, C? and strictly concave in s; (ii)
limg, 0 15, (8) — 00 and limg, o0 ftg, (s) — 0 for i = f,1; (iii) For all g > 0, v (g) is bounded,

C?, and strictly concave; and (iv) limg_ v, (9) — oo and limg—, v (g) — 0.

e Assumption 2: (i) The productivity shock 7 is distributed f m, ﬁ] and is independent of o;

and (ii) the productivity shock ¢ is distributed h [g,Z] and is also independent of o.

Because the firm and the worker are risk neutral and investments are measured by their costs,
the potential surplus of continuing the relationship after shocks are realized is well-defined and

given by
S(o,n,e) =max{u(s)+v(g) +nv(g) +e+r}. (1)

For the sake of simplicity, I assume from now on that = = 0.7

3 A Benchmark: The First Best Outcome

In this section I determine the efficient investment levels. This requires that for every training level
o and states n and €, trade be at an efficient level; that is, separations take place if and only if
p(s)+v(g)+n<wv(g)+e. Given efficient trading, the efficient investment further requires that o
maximizes the total expected gains from the employment relationship independently if a separation

occurs. That is, o maximizes S (), which is given by

g e—p(s)
Eg{/lﬂ(s)(quern)dF(n)jL/ﬁ H (U—l—e)dF(n)}_sf_Sl_g.

"This assumption is consistent with a competitive labor market since, when there is no specific training the firm

has to pay a worker his total productivity.



I assume that S (o) is strictly concave. Given assumptions 1 and 2, this results in a unique
maximizer ¢* > 0. Using the envelope theorem, the efficient investment level, denoted by ¢*, is

determined by the following first-order conditions

ts, (s¥) [1 — E-F (s",¢)] =1 =0,

where E_F (s*,¢) is the probability that a separation occurs.

Notice that the fact that g is completely general in the sense of Becker (1962) results in that
the probability of a separation is independent of the level of general training. That is, the first-
order condition for general training reflects that the probability of separation is independent of the
level of general training. Notice, also, that the first-order conditions for the relationship-specific
investments reflect the fact that changes in specific investments affect the probability of a match
through states at which the gains from matching are exactly outweigh by the gains from separation

and the specific investment efficient levels are independent of the investment in general training.

4 General Training without Frictions

4.1 Main Results

In this section it is assumed that no long-term contracts are written and that the labor market is
perfectly competitive; that is, there is no frictions of any kind. This is the same environment in
which Becker (1962) derived his famous result that there is no firm sponsored general training. In
this case the wage is determined by ex-post negotiation, which takes place right after uncertainty is

realized. Because there is complete information, this bidding process ensures that trade is efficient.



To see that, consider, first, the case in which u (s)+v (g)+n < v(g)+¢. Then what is generated by
continuing the relationship is less than what can be generated if firm and the worker break apart,
thus there is no way to divide the surplus so that both, the firm and the worker prefer, at least
weakly, to continue the relationship. Consider next the case in which u (s)+v (g)+n > v(g)+ec. In
this case, continuing the relationship generates more than separating out, hence, given that there
is full information it is possible to redistribute the gains from the relationship in a way that both,
the firm and the worker prefer to continue the relationship. Hence, it follows from this and the
outside option principle (see, for instance, Shaked and Sutton, 1984) that the payoffs arising from

(1*a);1(9)+€ —pi(s)

renegotiation are given by ((1 —a) [p(s) +v (g9) +n],aln(s) +v(g) +n]) ifn >
and (u(s)+n—e,v(g)+¢) otherwise, where « is the worker’s bargaining power and the first
entry corresponds to the firm’s payoff and the second to the worker’s payoff.® Notice that a worker
receives at least his outside option and that the firm sometimes share part of the return to general
training with the worker.

Given this the firm’s period-2 expected payoff, denoted by Ujf (0), is’

(1—a)v+te
o M

o e—p

Ee{[:]?vﬁ_ (1—a)(M+v+n)dF(77)+/ (M+77—6)dF(77)},

while the worker’s period-2 expected payoff, denoted by U} (o), is

(1—a)v+te
o M

E. { /<> AR+ / (v +¢)dF <n>} .

8We have assumed that the outside options do not work as threat points based on the arguments in Binmore
et. al. (1984). The outside option can work as threat point only when either party can take his outside option for
one bargaining round and come back to keep bargaining after that period. Furthermore, the parties have to be paid
exactly their outside options during that period in order to have outside options to work as threat points. In the
case in which the payment that the parties receive during the period of suspended bargaining are different from the
outside options, our results applied under a Nash bargaining solution. Hence, I assume for the sake of simplicity that

the default payoffs the parties receive while they continue bargaining are both equal to 0.

9We omit the arguments to decrease the notational burden.



Assuming that the second-order-conditions are satisfied, the optimal investment under spot-

contracting, denoted by ¢® = <5‘}, s7, g5>, is determined by the following first-order conditions

o, [L— E-F (e — )] - apy, [1 ~E.F (% —u)} —1-=0, (2)
vg—vg{a+(1—a)E5F<%—,u>]—1:0, 3)

apy, [1 - BoF (L2te )] 4

”ga%il [a +(1—a«)E.F (£1—0;2v+s B M)} _1—o0 (4)

Notice that marginal return on sy under spot contracting is lower than the marginal return in
the efficient case by the second term in the first-order condition for sy. This term arises because
there is a positive probability, given by 1 — E.F' (% — u), that the worker’s outside option
is non-binding. In this case the firm has to share the marginal return of his investment with the
worker according to its bargaining power; i.e., 1 —a. The first-order condition for g reflects the fact
that the firm captures 1 — a of the marginal return on general training when the worker’s outside
option is non-binding, while when is binding, the firm pays the worker his outside option. This last
case corresponds to Becker’s Human capital model. Notice also that the first-order conditions for
sy and g are not affected by the fact that general training is chosen after the specific investments
are made and observed by both parties. Whereas the first-order condition for s; is affected by the
assumption that general training is delayed.

The first term in 4, which is independent of whether general training is delayed or not, reflects
the fact that the worker captures only a fraction « of the marginal return on s; when the worker’s
outside option is non-binding and captures nothing when its binding because his outside option
is independent of the investment in specific training. The second term arises because of delayed
general training; that is, if general training were chosen simultaneously with s the second term

will be zero. Notice that the effect of this second term on the worker’s incentives to invest in



specific training depends exclusively on the sign of 8%%. Hence, if general and specific training are
strategic complements (substitutes), then delayed general training provides the worker with more
(less) incentives to invest in specific training than simultaneously chosen general training. Then it
is crucial to understand the benefits of delayed general training to find out under what conditions
general and specific training are strategic complements.

Fortunately, it readily follows from the firm’s first-order condition for general training that
general and specific training are always strategic complements even though they are neither com-
plements nor substitutes in the production function. The reason being that under spot contracting
the worker and the firm will share the surplus with positive probability and the probability that
the surplus sharing outcome arises is increasing in s; for ¢ = f,[. This leads to the following very

crucial result.

Proposition 1 Suppose a competitive labor market with no frictions. Then, general and specific

training are strategic complements.

proof: 68[5;9(;) = Vgpis, Ee f <% — ,u) > 0 for all s and g.

This results implies that the presence of general training has two effects on the incentives
to undertake specific investments. One that increases the firm’s incentives to invest in specific
training and that is independent of whether general training is delayed or not, and another one
that increases the worker’s incentives to invest, which is the result of delayed general training. To
better understand the first effect, suppose, for simplicity, that the firm cannot or does not invest in
general training and that y (s) +v (0) +7 > v (0) +2. In this case surplus sharing always occur and
the firm and the worker share the benefits of their specific investments, and thus, the firm has an
incentive to underinvest. Suppose next that the firm can commit to invest in general training, then
there is a set of states under which  (s) +v (g9)+n>wv(g9)+ecand a(u(s) +v(g) +n) <v(g)+e.
This implies that there is a set of states under which the firm’s payoff is given by u(s) +n — e.
Hence, the firm, in those states, will get full marginal return on his investment providing the firm

with incentives to invest at the efficient level.

10



That delayed general training induces the worker to invest more in specific training follows
from that a larger investment in specific training by the worker, results in a larger probability that
the surplus sharing outcome arises. This implies that the firm has more incentives to invest in
general training and therefore, the worker can ensure a larger second period wage. While these two
effects together may induce the firm and the worker to invest more in specific training, they are not
powerful enough to overcome the parties incentives to underinvest relative to the efficient levels.
Hence, the parties never undertake the efficient investment levels. The following proposition then

follows.

Proposition 2 Suppose a competitive labor market with no frictions. Then, (i) if the specific
investments are strategic complements, s3 < s, s < sf and 0 < g* < g*; while if they are strategic

substitutes, 5% < s;, S % s; and 0 < g° < g*; and (i) separations are always efficient.

So far, I have shown that (i) the firm invests in general training, but at sub-optimal level; and
(ii) while the worker may overinvest in specific training, the firm always underinvest in specific
training. Thus the market never provides with incentives powerful enough to induce both, the firm
and the worker to undertake the efficient investments levels.

Notice that I have shown, so far, that the firm provides the worker with general training, yet
this does not mean that there is firm-sponsored general training because the firm may recoup the
investment costs, as in Becker, in the first period by mean of a lower first-period wage. Hence, it is
crucial to study whether the firm will lower the first-period wage enough to recoup its investment
in general training.

Under spot contracting firms compete for workers in a Bertrand-like fashion in the first period,
with the known result that in equilibrium firms have zero expected profits. Hence, first-period wage

is given by
wy =0+ Uy (0°) — g° — 8% > 0.
The last inequality follows from the fact that the firm can always ensure a payoff of at least

11



zero by investing zero and hiring an untrained worker or closing down. Hence, the following results

obtains.

Proposition 3 Suppose a competitive labor market with no frictions. Then, (i) there is firm-
sponsored general training; and (ii) the firm and the worker share the costs and benefits of specific

training.

The first result in this proposition is crucial since it is in stark contrast to Becker’s Human Cap-
ital Theory and Acemoglu’s and Pishcke’s (1998,1999) results that firm-sponsored general training
arises if and only if there is market frictions. Our results shows that in a competitive labor market
with no frictions and where general and specific training are neither complements nor substitutes,
firms pay for general training. Hence, as the evidence shows (see, for instance, Bishop (1996),
Lowestein and Spletzer (1998), Acemoglu and Pischke (1998)) firm-sponsored general training is
the norm rather than the exception.

What makes our result different from Becker’s and Acemoglu and Pischke’s results is that
general and specific training are strategic complements even though they are neither complements

nor substitutes in the production function.

4.2 Some Remarks

I have, so far, assumed that general training is delayed and shown that delayed general training
improves worker incentives to invest in specific training. This may seem an ad-hoc assumption, but
it can be shown that there are conditions under which delayed general training is welfare enhancing.
Furthermore, the only paper that I are aware off that study the timing of investment in general
training, Loewenstein and Spletzer (1997), find that delayed formal training seems to be the norm
rather than the exception.

Before doing so let define S (0°) as Uf (o) + U (0) — g — sy — si. Then the following result

obtains.

12



Proposition 4 Suppose that UJ‘? (0)—g—sy is supermodular. Then, under delayed general training,

S (0®) is larger than when general and specific training are chosen simultaneously.

Proof: Tt readily follows from theorem 7 in Milgrom and Roberts (1990).

The intuition can be easily grasp from figures 1, 2 and 3. From figure 3, I can see that when
the expected payoff functions are both submodular, the reaction functions are downward sloping,
and thus welfare may decrease because the firm’s investment in specific training may be lower than
when training is chosen simultaneously. While if the firm’s expected payoff function is supermodular
(figures 1 and 2), then the firm’s reaction function is upward sloping. Because the worker’s reaction
function is larger in the presence of delayed general training and general and specific training are
strategic complements, then the equilibrium investment level are larger in the presence of delayed
general training. Hence, welfare is larger under delayed general training.

I have also assumed that only the firm invests in general training. Hence, it is natural to ask
how our results change if I allow the worker to invest in general training. If I assumed that the
worker decision is delayed too, then the worker’s investment in general training is given by the

following first-order condition
(I1-—a)v+e
vgla+ (1 —a)E.F Y M |]—1=0. (5)

It readily follows from this that for all @ < 1, g° < g*. Furthermore, because of Bertrand-like

competition in period 1, the first-period wage is given by
wy =04+ Uyp(0°) —g° =55 —9° >0 —g°.
Hence, the following result obtains.

Proposition 5 If only the worker invests in general training, then there is firm-sponsored general

training and g° < g*.

Finally our result seems to rest heavily on the presence of specific investments. However, what

is really needed for it to hold is that there is a positive probability that the surplus sharing outcome

13



arises. Suppose, then, that s°= 0, if the probability that n > % — 1 (0) is positive, then

there is firm-sponsored general training.

Ju(g)+e

Proposition 6 Suppose that sy =157 =0, ifn > (170‘& for some n and €, then g° > 0.

This corollary shows that in order to have firm-sponsored general training I only need the
existence of match specific shocks coupled with a positive worker’s bargaining power. Yet, the
conditions to have firm sponsored general training in the absence of specific training are rather

ad-hoc because they depend on the support of  and €.

5 Long-Term Contracts

Up to this point I have restricted our attention to an incomplete contracting setting in which no
long-term contracts are allowed. In this section, I consider the possibility that the firm and the
worker may sign a long term contract to study two issues: (i) is the firm-sponsored general training
result robust to long-term contracts as the one observed in real life?; and if so (ii) Do these long-term
contracts increase or increase investment incentives?

For the sake of brevity and simplicity, I focus hereafter on the simpler case in which the outside
productivity is not affected by an idiosyncratic productivity shock; that is, the worker’s value in

the market is just v (g).

5.1 A Fixed Wage Long-Term Contract

In this section, I consider the role of a renegotiable long-term contract that specifies fixed wages
(w1, w2). As with spot contracting, because there is perfect information at the time of renegotiation,
bargaining is efficient and the employment relationship continues only if it is beneficial for the parties
involved. If p(s) +v (g) +n < v(g), the parties cannot do better than separate and take-up their
outside opportunities with the corresponding payoffs of 0 and v (g). If u(s) +v(g) +n— w2 >0
and wg > v(g), then the firm and the worker prefer trading at the original contract wage ws to

take the outside option or simply refusing to trade. Thus, if one party refuses to renegotiate, then

14



the other always prefers to trade rather than to quit or hold-up exchange. Since trade is efficient,
renegotiation can at best only redistribute the gains from relationship, consequently it will always
be in the interests of one party to refuse to renegotiate. If u(s) +v(g) +n > v(g), but one of
the parties prefer either no to trade or the outside option to the current contract terms; that is,
either p(s) +v(g) +n— wz < 0 or v(g) > wy, it follows from the outside option principle that
the payoffs arising from renegotiation are given ((1 —«) [ (s) +v(g) + 7], au(s) +v(g) +n]) if
n> % —u(s)and (u(s) +n—e,v(g) +¢), otherwise.

Notice that the key difference between a long-term contract and spot contracting is given by
the case in which neither outside option is binding. In this case, under spot contracting the firm
and the worker share the total surplus, while under a long-term contract the firm’s payoff become
p(s) +v(g) +n — wy. That is, in those states in which neither outside option binds, the firm
gets the full marginal return on its investments and the workers’ investment. Thus, apparently the
firm’s incentives to invest in general and specific investments increase and the worker’s incentive
decrease.

Notice first that a long-term contract has a potential value only if u (s)+v (g)+7 > w2 > v (g),
otherwise renegotiation always takes place and therefore, contracting has no value. Hence, I will

assume that this restriction is satisfied.

Given this, the firm’s period-2 expected payoff, denoted by U]{J (o,w2), is

7l
/ (114 v+ —ws) dF () +
Wo—p—v

(1—a)v —u

f<a>[[”2”U<1—a><u+v+n>dF<n>+/ T dE )| +

l1—a)v
I E— —H

a-1@) [ e nar ),

—n

v(9)

where I (o) is an indicator function that takes the value 1 when o > o, and 0, otherwise.
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The worker’s period-2 expected payoff, denoted by UL (o, ws), is

/ T wdF ()t

w2 —pU—v

W —p—v 170‘0( v_#
I(a) 1aav_ua(u+v+n)dF(n)+/n vdF (n) | +

a-1@) [ wdr ).
n

Notice that the firm’s and worker’s payoff have three components. The first one corresponds
to the case in which the firm’s outside option never binds, the second one to the case in which
is binding, but is optimal to continue the relationship and the third one, to the case in which
separation is optimal. The second one could be composed of either one or two terms depending
on the worker’s bargaining power. The first of these two terms takes place when the worker’s

v(g")

wy

bargaining power is sufficiently large; i.e., a > so that when the firm outside option binds,
there is a positive probability that the surplus sharing outcome arises. Whereas the second occurs
when « is small enough so that the surplus sharing outcome yields the worker less than his outside

option.

The first-order conditions can, after some simple algebra, be written as

@ + pg, M(wa,t,0) —1=0
Osy al 2 -
8U; M N 1=0
8—94—1)9( (we, a,0) + N(we,,0)) — 1 =0,
T — i Mu2,0) = 9 (M (u2,0,0) + Nlwa, ,) 1=,
where
M(wy,o,0) = (1—1I(a))a[l—F <% — u)] +
Ia)a[l = F(wy —p—v)] -
fwy —p—0)[I () (1 —a)ws + (1 = I()) (w2 —v)],
and
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(1-a)v

N(u@,a,a)z(l—](a))[F( =

—,u) — F(wg —p—v)]+1(x)0

The first question I attempt to answer is whether firm-sponsored general training is affected
positively or negatively by a long-term contract. If I focus our attention on the first-order condition
for general training, I see clearly that if M (ws,a, o) + N(w2,a,0) > 0 when evaluated at o = o,
then the amount of training under a long-term contract, denoted by g% > ¢g%. While if M (ws, o, o)+
N(wa, a,0) < 0 when evaluated at o = 0%, g~ < g°.

Notice that, as under spot contracting, general and specific training are strategic complements. '’
Hence, under a contract in which M (w2, a,0) > 0 and M (w2, «,0) + N (w2, a,0) > 0, the firm’s
incentives to invest in general and specific training improve upon the market, while the worker’s
incentive worsens. While the opposite occurs when M (ws, a, o) < 0 and M (we, o, 0)+N (we, a, 0) <
0.1 Notice also that N (w2, a, o) is always positive, so M (w2, o, o) + N (w2, a, o) < 0 if and only if
M (wa,a,0) < 0. This implies that there is no equilibrium under which firm’s incentives to invest
in general and specific training increase and the worker’s incentives to invest in specific training
also increase.

In the next lemma I find conditions under which a long term contract improves the firm’s

incentive to invest in general training.

10T his result does not hold always when the outside productivity is random, but it holds in that case under fairly

general conditions.

"'Che and Hausch (1999) show that if the seller’s (firm) and buyer’s (worker) payoffs are supermodular, then there
is a non-empty set of a’s under which contracting has no value. That is, spot contracting provides as much welfare
as any other general contract. This results does not hold in our setting even if we assume that 8‘2—1 = 0. The reason
being that if M(w,a) > 0, the firm has better incentives under a long-term contract than under spot contracting,
while the worker has less incentives. Whereas, if M (w, a) < 0, the opposite occurs. Hence, it is never the case that
both, the firm and the worker have less incentives to invest in specfic training under a long-term contract. That is,
the set [@, @] defined by Che and Haush, when adopted to our setting, is empty. Furthermore, if 8‘95—-‘; # 0, then our

setting differs from theirs in that we have a sequential setting that affects the worker’s incentives to invest.
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v(gl wa (w2 —v
Lemma 7 (i) Suppose that o > M. Then, ifl—F(wg—u—v)—Mf(wg—,u—v) <0,

wa v
L
there exists an «, denoted by &, such M(wq,,0) + N(we,a,0) >0 for all a € [%, &); and (i)
v L
suppose that o < (wLQ), then M(wa,a,0) + N(we,a,0) > 0 for all a € [0, &).

The intuition is as follows when « is small an increase in g increases the probability that the
outside option is binding more than increases the probability that the firm’s outside option is non-
binding. Because when the outside option is binding the firm captures no share of the return on
general training, the incentives to invest in general training decrease. Hence, long-term contracts
may, under certain conditions, decrease the firm’s incentives to invest in general training provided
by the market alone.

Given these definitions the following can be shown.!?

Proposition 8 (i) There is no long-term contract that implements efficient investment levels in
training; (i) there is no long-term contract under which both, the firm and the worker have better in-
centives to invest in training over spot-contracting; (i) if s* > s* and M (w2, a, o)+ N(we, o, 0) >

0, then g* > ¢°, while if s* <'s° and M (w2, a,0) + N(wa, o, 0) L0, then g~ < ¢°.

This proposition makes clear that there is no contract that can implement the efficient invest-
ment level in specific and general training and that in some cases a long-term contract may induce
the firm to invest less in general training and sometimes to invest more in general training. Fur-
thermore, it is never the case that long-term contracts can provide the firm and the worker at the
same time with better incentives to invest in specific training than a frictionless market does. This
is, basically, due to cooperative nature of specific training.

To see that this is true, I will assume in the next proposition that the worker’s efficient in-
vestment is either zero or the worker can commit to invest 3? or the worker invests in specific self
investments and show that under certain conditions, there is a long-term contract that induces the

firm to invest at the efficient level in specific and general training.

12Gimilar results obtains if breach penalties are allowed.
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Proposition 9 Suppose that UJ{“ (s*,gL, wg) >0, ¢ (S*,gL) +n>v (gL) and either s; = 0 or the
worker can commit to invest s; = s; or s; does not affect the joint surplus. Then (i) there exists
a long-term contract with ¢ (S*, gL) +n>w2 2w (gL) , such that the firm’s optimal investment is

v(g*)
w2

and g* = ¢* if o < UL

wa

SJLc:s} and g% < g* if a >

The intuition for this results follows from the fact that under the assumptions made, there is no
renegotiation in equilibrium and thus, the firm is the full residual claimant of the return to specific
and general training.

So far I have shown that under a long-term contract g § g°, but I have not shown yet that

there is firm-sponsored general training. Competition in the first period ensures that
w1 :17—|—UfL (O’L) —gL—SJLc > 0.

This inequality holds because the firm can always ensure itself a payoff equal to zero by refusing
to trade and investing zero or by hiring an untrained worker. This results in that w; > v. Hence,
the worker’s first period wage is larger than the wage that he would have obtained were he bears

the full cost of his specific and general training. This leads us to the following result.

Proposition 10 Under a long-term contract there is firm-sponsored general training whenever

gt > 0.

In the next section, I study whether different contractual provisions may provide better incentive
to undertake general and specific investments. If the complementarity between general and specific
training holds under other contractual provisions that induce more investment in specific training,
I can show that the same provisions may result in more firm-sponsored general training. This is

the issue I study in the next section.

5.2 Long-Term Contracts With Wage Floors

The impossibility of increasing the parties incentives to invest under long-term contracts is due,

partially, to the cooperative nature of investments and that renegotiation always takes place. That
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is, there are always states under which either the firm or the worker or both have to share the
returns to their investment with each other. This lead us to study the possible safeguards that
commonly observed contractual provisions can provide to alleviate the incentives to under-invest. In
our view one the main contributions of some contractual provisions is the possibility of commitment
to certain actions by either party. In particular, I consider three commonly observed institutional
arrangements that have as a common factor that they preclude the firm from renegotiating the
wage downwards, but not necessarily upwards. These are: (i) minimum wages, (ii) up-or-out rules
as the one used in academic markets and law firms; and (iii) the policy of attaching wages to jobs

as used for instance in public sector jobs.

5.2.1 A Minimum Wage Contractual Provision

In this section I will consider the imposition of a minimum wage that is binding. That is a minimum
wage, denoted by w, that is above the worker’s outside option; i.e., w > v (g).'?

It is well known since Rosen (1972) that the imposition of a minimum wage in Becker’s human
capital model cannot lead to an increase in general training. The reason being straightforward:
because workers pay for training through lower wages, a minimum wage may prevent the firm from
lowering the wage enough during the first period. This is, for instance, the rationale for introducing
a “training subminima” in many recent U.S. minimum wage laws. In this section I show that a
minimum wage can have the opposite effect; that is, it can improve firm’s incentives to invest in

general and specific training.

Under a minimum wage w the firm’s second period expected payoff is

gl
U ) = [ (utvn-wdF @), ()
w—p—v
while the worker’s expected payoff is
a7
Uz o) = [ wdF (). 7)
w—p—v

3Notice that if the minimum wage is below v (g), then the market behaves as an spot contracting market and the

minimum imposes no constraint in the wage setting process.
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Notice that when the firm needs to lower the wage because it faces a low productivity shock,
the firm cannot do so because the minimum wage law impedes to downward renegotiate the wage
as efficiency requires. Hence, the firm has to fire the worker, creating unemployment.

The first-order conditions are then given by

U% (o)
f
88;"‘ +

usf{a [1—F(@—uﬂ+F(—u)—F(w—u—V)}—1:0,

ogm T
(9)
vg{a[l—F(gl_—aaﬁ—u)}—i—F(gl_—aaﬁ—u)—F(w—u—u)}—I:O,

W) 4 iy {urf (w0~ =) —a [1 = F (8522 = )]} 4

(10)
vg%%{wf(w—,u—y)— [a—i—(l—a)F(gl_—aaﬁ—u)}}—l:O.

It readily follows from the firm’s first-order conditions that the firm’s incentive to invest in
specific and general training are larger under a minimum wage than under the spot market when
M (a,w) = « [1 —F (@ - u)] + F(—p) — F(w—p—v) > 0. This term is the result of the
combination of two effects; one positive that increases the firm’s return on specific training and one
negative that lowers it. The positive effect arises because there is a positive probability that the
minimum wage is not binding for the firm, and therefore, a positive probability that the firm is the
full residual claimant. The negative effect arises because there are states under which it is optimal
to renegotiate the wage downwards, but the minimum wage law does not allows it, and therefore,

a separation occurs more often than it should be. Finally, notice that general and specific training

are strategic complements.l5

Lemma 11 There exists a wage W such that M (o, w, o) > 0 for all w < 0.

YMTf firms are heterogeneous, a minimum wage also generates unemployment because there are some firms that
without a minimum wage would be willing to hire workers in period 1, while under a minimum wage law they are

not willing to do so.

15This readily follows from differentiating the firm’s first-order condition for general training.
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This results readily follows from the continuity of M (o, w, o) and the fact that M (o, w, 0 | w = v (¢g™)) >

0. Hence, the following result obtains.

Proposition 12 Suppose that U’ (o, w) and Uf" (o, w) are supermodular. Then, (i) if wf (w — p —v)—
-

[a +(l-—a)F (w — u)} > 0 for some w < w, o™ > 010 and (ii) the worker remains with

the current employer with probability 1 — F (w — p — v); that is, separations are inefficiently high.

This proposition shows that if specific investments are strategic complements then a minimum
wage law induces the firm and the worker to train more than under spot contracting. That is,
contrary to Becker’s human capital theory, a minimum wage law results in more specific and general
training relative to a competitive labor market. A crucial difference, however, with spot contracting
is that under a minimum wage law some workers end-up unemployed. Hence, a minimum wage
properly chosen increases total training, but it creates unemployment and therefore, total welfare
may either increase or decrease.!”

As before the fact that the firm invest in general training does not means that there is firm-
sponsored general training. Notice, however, that a worker gets paid at least the minimum wage,
which is larger than v (¢™) > ©. This results in that there is firm-sponsored general training and

that the firm and the worker share the costs and benefits of general training. Hence, the following

results obtain.
Proposition 13 Because wi > v, there is firm sponsored-general training.

Given that our model predicts that in certain cases minimum wage laws may increase general
and specific training, it is useful to take a look to the empirical evidence. The micro evidence is
mixed; the studies either find a negative effect or no effect. This suggests that minimum wages
may also be inducing firm-sponsored training as implied by our theory (see, Acemoglu and Pischke,

2000, for evidence and similar result).

'SFor instance, in the case of a uniform distribution if u (s™)+ @D;—fl)v (g™) > 0, there is a wage such that ™ > &°.

"Notice that a minimum wage law coupled with a unemployment insurance may be harmful because it decreases
the worker’s incentive to invest in specific training. The reason being that the cost of being unemployed is smaller

with unemployment insurance.
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5.2.2 Up-or-Out Contracts

Kahn and Huberman (1988) show that up-or-out contracts can help to solve the double moral
hazard problem that arises when the worker has to invest in specific training and the investment is
unobservable. Waldman (1990), shows also that the same problem arises under general training and
that up-or-out contracts can also help to solve the underinvestment problem in general training
when there is asymmetric information. In this section, I show that an up-or-out may provide,
the firm and the worker with more incentives to invest in specific and general training. On the
downside, as in the minimum wage case separations are inefficiently high, but in this case there is
no unemployment. The inefficient separations arises because ex-post the wage cannot be downward
renegotiated.

Suppose the firm commits to pay a wage w, > v (g") to a retained worker. Hence, it is optimal
to retain a worker if and only if u + v +n — w, > 0. That is, a retention takes place if and only if
n > wy, — i — v. This implies that the firm’s second period expected payoff, denoted by U}" (o, wy),
is equal to the expected payoff under a minimum wage but for w, instead of w; that is, Uy (o, wy)
is equal to equation 6.

Whereas a worker’s expected payoff, denoted by U}, (o, w;), is given by

/ T R )+ / g ar ).

w—p—v
Hence, the firm’s first-order conditions are the same as the ones under a minimum wage; that
is, equations 8 and 9, whereas the worker’s first-order condition is different from 10 due to that a

non-retained worker in this case can find a job ex-post that pays him his marginal product. Hence,

the worker’s first order condition is given by

%sf")ﬂwsl{(w—v)f(w—u—V)—a[I—F(@—u)]}ﬂt
vo G (w—v) f (w—p—v)— (11)

vg%% [a—i—(l—a)F(%—u)—F(w—u—y)]—1:0

Hence, the next proposition follows from lemma 11 and the worker’s first-order condition.
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Proposition 14 Suppose that U]}’ (o, w,) and uy (o, wy) are supermodular. Then, if either o >

”Ef:) (wr—v)f(wr—,u—l/)—a[1—F<@—u)} >0 for some w, < W oroz<v£f:) and
(wT—v)f(w,«—u—V)—[a+(1—a)F<%—u)] > 0 for some w, < W, 0" > 0°; and (iii) the

worker remains with the current employer with probability 1 — F (w, — pu — v); that is, separations

are inefficiently high.

The intuition is the same as the one under a minimum wage, the difference stands for the fact
that a non-retained worker finds a job that pays a positive wage, while under a minimum wage a
non-retained worker goes to the unemployment pool. This, on the one hand, decreases the worker’s
incentives to invest in specific training since the loss of not being retained is smaller, on the other
hand, it increases his incentives to invest because of the complementarity between general and
specific training.

So far, I have shown that under an up-or-out contract the firm invests in general and specific
training, but I have not shown yet that there is firm-sponsored general training. As before Bertrand-

like competition ensures that the worker gets paid
wy =0+ Uf (0%) —g" — s} > 0.
Hence, there is firm-sponsored general training.

Proposition 15 Because w1 > v, there is firm sponsored-general training and the firm and the

worker share the returns to specific training.

5.2.3 Promotions: Attaching Wages to Jobs

It is known since Prendergast (1993) that the practice know as attaching wages to jobs provides
incentives to invest in specific training when a worker can be promoted to a job in which the marginal
product of specific training is larger. The reason being that differences in productivity allow the
firm to commit to pay a higher wage in the job where specific training is larger. This plus the fact

that the promotion probability increases with specific training results in larger worker’s incentives
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to acquire specific training. What is key in Prendergast’s result is that the firm can commit to pay
a higher wage in the promotion job, here I show that a worker can, under certain conditions, be
induced to acquire the efficient level of specific training when training is more productive in the
promotion job. Here, I use the same logic to show that when general training is more productive
in the promotion job, the firm and the worker may have more incentives to invest in specific and
general training.

I assume that there are two jobs, a hard job (h) and an easy job (e); the marginal productivity
of specific training is at least as large in the hard job; that is, u” (s) > u¢ (s), i = f,w, for all
s > 0 and the marginal productivity of general training is also at least as large in the hard job; i.e.,
vg (9) > vg (g) for all g > 0. It is also assumed that for o = 0, ¢ (0) +v° (0) > p" (0) + " (0); that
is, those workers who acquire more training have a comparative advantage in the hard job and it is
optimal to place an untrained worker in the easy job. It is also assumed that the firms can commit
to attach a wage to each job and firm can fire the worker and the worker can quit at any time. To
simplify matters I will assume that the output in the easy job is deterministic; that is, it is equal
to u€ (s) + v¢ (g), while the output in the hard job is p” (s) + v" (g) + 1. Finally, the firm decides
whether to promote a worker or not after investments are undertaken and shock are realized.

It is easy to see that for any given training level, o, the first-best promotion rule is to promote

a worker if and only if whose output

n>—Au(s)—ALv(g),

where A (s) = pl (s) — € (s) and Av (g) = 0" (9) — ¢ (g).

Let suppose that the firm commits in advance to pay a wage w” > v" in the hard job and w® > v¢
in the easy job. Notice that the firm would like sometimes to renegotiate the wage downwards,
yet because the firm commits to attach a minimum wage to each job that is not possible. Hence,
the firm only choice ex-post, when a sufficiently low productivity shock is realized, is either to let

the worker go or not to promote him. Given that promotions are decided after shocks are realized,

a firm will promote a worker if and only if u” (s) 4+ v (g) + 7 — wh > p€(s) + v°(g) — w® and
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pl (s)+v" (g)4+n—wh > 0. If this not hold the worker remains in the easy job if u€ (s)+v® (g) —w® >
0, and is fired otherwise. This leads to an optimal promotion rule, conditional on profits being

positive, which is to promote a worker when firm profits are at least as large when a worker is place

in the hard job as when he is placed in the easy job; that is, only if

n=>Aw—Ap(s) - Lv(g).

where Aw = wh — we.

It is worthwhile to notice that there is inefficient allocation of workers to jobs as long as Aw > 0.
The reason being that there are is a set of states under which a worker that would have been
promoted under an efficient promotion rule, is not promoted under the promotion rule that considers
the wages. The reason being straightforward. Wages impose a gap on differences in productivity.'®

Hence, the promotion rule is to promote if and only if

n = max {Aw - Au(s) — Av(g),w" - 1 (s) — v" (9)}

Notice that Aw — Ap(s) — Av (g) > w' — pP (s) — v (g) only when p€ (s) + v° (g) — w® > 0.
Thus, if ©€(s) + v¢(g) — w® > 0, a worker is promoted if and only if n > Aw — Ap(s) — Av (g),
otherwise a worker is promoted if and only if > w" — u"* (s) — v" (g).

Given this, the firm’s period-2 expected payoft, denoted by Ug, (U, wh, we), is given by

I(s) fjh_uh_vh (Mh + ot + n— wh) dF (n) +
il Aw—Ap—Av ;¢ e e
(U= 1(8) { [ mp o (0" =) - [20707EY (e e — ) LdF (),
where I (s) is an indicator function that takes the value 1 when p€(s) + v¢(g) —w® > 0 and 0

otherwise.
The worker’s period-2 expected payoft, which is denoted by U, (0, wh, we), is given by
1(s) [ b () + [ ot ()] +
8) | Juwh —ph—ph W n n v n

(U= T8) [ SRy WhdF (1) + [ 55 wsdF ()]

'8See, for instance, Bernhardt and Scoones (1998), Prendergast (1993), Ricart-i-Costa (1988) , and Waldman (1984)

for similar reasons why firms promote too few workers.
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The firm’s first-order conditions are then given by

I(s),ui}f (1-F (w"—ph—v))+
(U= 1()) [, = (b, =1, ) F(Dw = Bp—bv)| —1=0,

and

I(s)vg(l—F(wh—u—vh))—i-
(1-1I(s)) [vg—(vg—v;)F(Aw—Au—Av)]—1:0,

whereas the worker’s first order condition is given by

I(s) (w" —v

) f (wh — ,uh —v) (,u?l +vgg—jl> +
(1—1(s)) (ul, (

uSl) wh—we)f(Aw—Au—Av)—lzo.

Notice that specific and general training are strategic complements. Furthermore, when [ (s) =
1, the first-order conditions are the same as the ones in the up-or-out rule since it is optimal to
fire a non-promoted worker because profits from placing him in the easy job are negative; that is,
pe (s)+v° (g) —we® < 0. So, the same results apply. That is, attaching wages to job may provide the
firm and the worker with more incentives to train than spot contracting. Whereas when I (s) = 0,
it is optimal to keep a non-promoted worker in the easy job since u€ (s) + v (g) — w® > 0.

Notice that when u€(s) + v¢(g9) — w® > 0, if vg —vg = 0 for all g > 0, the firm invests at
the efficient level in general training. Also notice that if either u’;l —pg, = 0foralls >0 or

wh

— w® = 0, the worker has no incentive to invest in specific training. This is exactly the case
studied by Prendergast (1993), where he shows that promotions induce specific training by the

worker if and only if specific training is more productive in the hard job. Finally, notice that in

h _

either case; that is, if either vy

vg =0 for all g > 0 or ui}l — pg, = 0 for all s > 0, the firm always
has incentives to invest a positive amount on specific training.

This leads us to the following conclusion.
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Proposition 16 Suppose that p© (s*) + v° (g°) — w® > 0. Then (i) if v (g) = vg (g) for all g >0
and ' (s) > pg (s) for all's and i = f,1, g* = g* > g° and s° % s*; (i) v!’; (9) > v (g) for all
g >0 and M;g (s) = ug, (s) for all's and i = f,1, sf =0, 54 > s%, and g° % g°; and (i) there is

firm sponsored general training and the firm and the worker share the costs and benefits of specific

training.

Hence, the policy of attaching wages when general training is more productive in the hard job

may induce more firm-sponsored general training than spot contracting.

6 Conclusions

I have shown that firm sponsored general training is the rule rather than the exception in a fric-
tionless labor market when general and specific training are neither complements nor substitutes
and that delay the general training investment decision is welfare enhancing when the payoffs are
supermodular. In addition, I show that long-term contracts may improve investment incentives.
In fact, properly chosen long-term contracts that have some commitment built into may induce
the firm to provide more general and specific training than spot contracting and may induce the
worker to undertake more specific training. Hence, the model shows that Becker’s human capital
is not always right since firms in a competitive labor market finance worker’s general training and
that Acemoglu and Pischke’s theory that frictions are a necessary condition for firm-sponsored
general training is not correct. Hence, our model provides a very general explanation for the widely
accepted fact that there is firm-sponsored general training. Finally, many of the commonly observe
contractual provision that have been justified in terms of providing incentives to workers to invest

in specific training, also provide the firms with incentives to invest in general and specific training.
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Proof of Proposition 8: It readily follows from the first-order conditions and supermodularity
(see, Milgrom and Roberts (1990)).

Proof of Proposition 9: It readily follows from the first-order conditions and supermodularity
(see, Milgrom and Roberts (1990)).

Proof of Proposition 12: It readily follows from the first-order conditions and supermodu-
larity (see, Milgrom and Roberts (1990)).

Proof of Proposition 14: It readily follows from the first-order conditions and supermodu-
larity (see, Milgrom and Roberts (1990)).

Proof of Proposition 16: It readily follows from the first-order conditions, but for general
training in case (ii). It readily follows from pl (s) = u¢ (s) that g is determined by the following

first-order condition
i = (i =25 P (&= )] <1 =0
Thus, i
(18 ) = 5.6) F (8w = 80) S 0,0 [+ (1= ) F (=2 )|

.That then, g* > ¢°, otherwise, g < g°. That general training is paid by the firm follows from the

arguments given in the sections above; that is, wy = 0 + UJ‘Z‘ (a, wh, we) — s‘} — g% > 7.
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