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The Structure of Wages and Investment 
in General Training 

Daron Acemoglu and JMrn-Steffen Pischke 
Massachusetts Institute of Technology 

In the human capital model with perfect labor markets, firms never 
invest in general skills and all costs of general training are borne 
by workers. When labor market frictions compress the structure of 
wages, firms may pay for these investments. The distortion in the 
wage structure turns "technologically" general skills into de facto 
"specific" skills. Credit market imperfections are neither necessary 
nor sufficient for firm-sponsored training. Since labor market fric- 
tions and institutions shape the wage structure, they may have an 
important impact on the financing and amount of human capital 
investments and account for some international differences in 
training practices. 

I. Introduction 

The distinction between general and specific skills is the cornerstone 
of the standard theory of human capital as developed by Becker 
(1964). Specific skills are useful only with the current employer, 
whereas general skills are as useful with other employers. In competi- 
tive labor markets, workers capture all the returns to their general 
human capital, and employers have no incentive to pay for invest- 
ments in these skills. In this paper, we show that if labor market 
frictions reduce the wages of skilled workers relative to wages of un- 
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skilled workers (i.e., compress the structure of wages), firms may 
provide and pay for general training. Credit market problems and 
the presence of a long-term attachment between the worker and the 
firm are neither necessary nor sufficient to generate firm-sponsored 
training. The key is labor market imperfections, which imply that 
trained workers do not get paid their full marginal product when 
they change jobs, making technologically general skills de facto specific.' 

There is a variety of evidence that suggests that, in line with our 
approach, firms provide and pay for general training. For example, 
in Germany, firms voluntarily offer apprenticeships to young work- 
ers, and general skills are an important component of these pro- 
grams as evidenced by the fact that apprentices are given exams by 
outside boards at the end of their programs. The mere fact that firms 
provide general training does not establish that they pay the costs 
since workers may be taking a correspondingly lower wage relative 
to their marginal product. Nevertheless, most calculations suggest 
that employers pay for at least part of the costs. For example, the 
data reported in von Bardeleben, Beicht, and Feher (1995) show 
that, even under conservative estimates, the net cost of an apprentice 
to a large German firm is over DM 7,500 a year (see also Harhoff and 
Kane 1997; Acemoglu and Pischke 1998b). Similarly, Ryan (1980) 
reports sizable net costs of apprenticeship training in a U.S. ship- 
yard. An interesting example of firm-sponsored training is the case 
of temporary help agencies in the United States, which provide gen- 
eral training to new employees, such as computer and typing skills, 
and bear the full monetary costs (Krueger 1993; Autor 1998). 

The main idea of our paper can be explained using figure 1, which 
draws the (marginal) product of a worker, f(X), as a function of his 
or her skills, T. Suppose that workers can quit and work for another 
firm and, in the process, incur a cost A ' 0. Under the assumption 
that workers will receive their full product on quitting, their outside 
option is v(T) = f(t) - A. Suppose that the current employer can 
keep them by paying this outside option, so their wage is w(r) = 
f(t) - A. The employer has no incentive to invest in the workers' 
skills because its profits are flT) - w(T) = A irrespective of the value 
of t. This is true despite the fact that when A > 0, there are mobility 

' In the standard theory, firms pay for skills that are specific, and which skills 
are specific is determined by technology. In contrast, we focus on skills that are 
technologically general in the sense that, without frictions, they will be as useful 
with other employers. Market structure and institutions determine, in equilibrium, 
which skills are turned into effectively "specific" skills. Becker realized that this may 
happen when he wrote that "in extreme types of monopsony . .. job alternatives 
for trained and untrained workers are nil, and all training, no matter what its nature, 
would be specific to the firm" ([1964] 1993, p. 50), but he did not pursue this 
further. 
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FIG. 1.-Wage structure and training 

costs creating an attachment between workers and the firm. Also, 
notice that a perfectly competitive labor market corresponds to the 
case with A = 0, and employers once again do not invest in gen- 
eral skills. Next, consider the main focus of our analysis, a labor 
market with a compressed wage structure.' Specifically, let the mobil- 
ity cost be A(X), with A'(T) > 0 as shown with the dotted curve in 
the figure. Since firms pay workers their outside options, profits are 
f(X) - w(t) = A(X). Because skilled workers face relatively worse 
outside opportunities, the equilibrium wage structure is compressed 
relative to productivity differentials, that is, w'(T) < f (T), and the 
firm makes greater profits from more skilled workers. Therefore, as 
long as training costs are not too large, the firm will find it profitable 
to invest in t. This is the basic story of our paper, which is analyzed 
in more detail in Section II. In that section, we shall also establish 
a key comparative static result: even when workers are not credit 
constrained, as the wage structure becomes more compressed, firms 
pay for a larger fraction of the costs of general training, and when 
the structure of wages is sufficiently distorted, they may pay for all 
the costs. 

Our partial equilibrium analysis in Section II assumes that, as in 
figure 1, the external wage structure, v(T), is distorted, inducing em- 

2 The evidence in Bishop (1987) and Barron, Berger, and Black (1997) shows that 
wages across workers doing the same job in the same firm differ much less than 
their productivities, suggesting that the structure of wages in practice is compressed. 
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ployers to compress the internal wage structure, and shows how this 
wage compression leads to firm-sponsored training. In Section III, 
we investigate why a distorted external wage structure may emerge. 
We show that a range of plausible frictions, such as search, informa- 
tional asymmetries, and efficiency wages, lead to this type of distor- 
tion. Furthermore, even when the labor market is frictionless, com- 
plementarities between technologically general and specific skills 
may induce firms to invest in the general skills of their workers. Fi- 
nally, we also show that labor market institutions such as union wage 
setting and minimum wages, which also compress the structure of 
wages, may encourage firms to invest in the general skills of their 
employees. Therefore, our model predicts that in a variety of circum- 
stances, we should observe firm-sponsored investments in general 
training. 

The link we draw between labor market institutions and human 
capital accumulation may be useful in evaluating international pat- 
terns in training provision. There are important differences between 
labor market institutions of Anglo-Saxon economies, continental Eu- 
rope, and Japan. For example, in contrast to the United States and 
the United Kingdom, in Germany and Sweden, unions play an im- 
portant role in wage determination, and there are relatively high 
wage floors set by minimum wages and unemployment benefits (e.g., 
OECD 1994). Many economists believe that these institutions com- 
press returns to skills (e.g., Blau and Kahn 1996; Edin and Topel 
1997). Comparisons of wage dispersion and returns to education 
support this view. For example, in the mid-1980s, the log difference 
of ninetieth and tenth percentile wages was 1.73 in the United States 
and 1.11 in the United Kingdom as opposed to 0.83 in Germany, 
0.67 in Sweden, 1.22 in France, and 1.01 in Japan (OECD 1993). It 
has also been argued that wage compression reduces not only em- 
ployment but also investments in human capital (e.g., Lindbeck et 
al. 1993). In contrast, in our theory a compressed wage structure 
may induce firms to provide and pay for general training. Therefore, 
we expect that European andJapanese labor market institutions may 
increase one of the components of investment in human capital, 
firm-sponsored general training, and possibly even contribute to to- 
tal human capital accumulation.3 

'The incidence of company-provided formal training appears to be higher in Eu- 
rope andJapan than in the United States: OECD (1994, table 4.7) reports that 23.6 
percent of young workers in France, 71.5 percent of those in Germany, and 67.1 
percent of new hires in Japan receive formal training. By way of comparison, only 
10.2 percent of U.S. workers receive any formal training during their first 7 years 
of labor market experience. These data are collected using different methods, how- 
ever, and are not easily comparable. Using the U.S. National Longitudinal Survey 
of Youth (NLSY), e.g., Loewenstein and Spletzer (1999) report the incidence of 
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Since labor market distortions make general skills firm-specific, 
our model is consistent with a variety of evidence traditionally used 
to support the presence of firm-specific human capital. But it sug- 
gests that many of these apparently specific skills may be more gen- 
eral, which is in line with the fact that in surveys workers claim that 
most of the training they receive provides skills useful with other 
employers. For example, Barron, Berger, and Black (1997) find that 
employers claim that training is valuable with other firms, but pro- 
ductivity growth associated with training exceeds wage growth by a 
factor of 10. Also, in our economy, as in models of specific training, 
employers recoup the costs of general training later during the ten- 
ure of the workers, which is consistent with Loewenstein and Splet- 
zer's (1998b) finding that wage returns to general and specific train- 
ing provided by the current employer are quite similar. Finally, since 
training is general, our model predicts an experience premium: 
wages are higher during the later career of workers because of the 
investments during the early years. Furthermore, because market 
frictions make these skills partly specific, there is also a tenure pre- 
mium (see Altonji and Shakotko 1987; Topel 1991; Altonji and Wil- 
liams 1997). We discuss other empirical predictions of our analysis 
and the relevant evidence in Section III. 

II. Partial Equilibrium 

A. The Environment 

We work with the following two-period model throughout this sec- 
tion. In period 1, which we view as the early career of the worker, 
the employer or the worker or both choose how much to invest in 
the worker's general human capital, denoted byT tE R,. We normal- 
ize production during this period to zero and denote the worker's 
first-period wage by W In period 2, the worker either stays with the 
firm at a wage w(T) or decides to quit and obtains an outside wage, 
v(T). We also assume that with probability q, the firm and the worker 
receive an adverse shock, cease to be productive together, and sepa- 
rate. With probability 1 - q, they can continue their productive rela- 
tion. Therefore, q is a measure of (expected) turnover in our model. 
We ignore discounting and assume that all agents are risk-neutral 
and have preferences defined over the single good of this economy. 

Each worker produces output f(T) independent of the number 

formal training as 17 percent. There are also important differences between num- 
bers for formal and informal training. Loewenstein and Spletzer discuss various data 
sources on informal training for the United States. They find the incidence of infor- 
mal training to be between 28 percent and 38 percent in the NLSY. 
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and human capital of other workers.4 The function f( is increasing, 
differentiable, and concave. If he receives no training, the worker 
is as productive as during his early career, f(O) = 0. The cost of 
acquiring T units of skill is c(c) in terms of the final good and is 
incurred by the firm (although the worker can pay for it by having 
W< 0). We assume that c(T) is everywhere strictly increasing, differ- 
entiable, and convex, with c'(0) = c(O) = 0 and limOc'(t) = oA. 

These conditions ensure that the first-best training level, t*, is given 
by c'(t*) = f'(T*), and from the assumptions on the cost of training, 
t* > 0. 

The productivity of the worker is the same in all firms since t is 
general human capital. The assumption that there are no (techno- 
logically) firm-specific skills is extreme but serves to highlight our 
focus: the presence of frictions may transform technologically gen- 
eral capital into firm-specific human capital. We discuss how techno- 
logically specific and general skills interact in Section IIIC. 

We distinguish three cases below. In the first, which we call the 
constrained regime, a worker cannot take a wage cut during the first 
period in order to compensate the firm for the expenses of training, 
so only the firm makes training investments. The most satisfactory 
justification for this is contractual problems between the firm and 
the worker; for example, the employer may not be able to commit 
to providing training after the worker makes a wage concession. A 
more common explanation in the literature for why workers do not 
make contributions to training investments has been the idea that 
young workers may be credit constrained (see, e.g., Ritzen and Stern 
1991). However, since zero output in the first period is only a nor- 
malization, it is possible that the worker produces some amount 
yi > 0 in the first period and can contribute to training expenses 
by taking a wage lower than y 1. Nevertheless, such a wage concession 
would still be costly in the absence of perfect capital markets because 
it would lead to a nonsmooth consumption profile. Therefore, credit 
constraints also provide a justification for the constrained regime. 

Despite these possible justifications, it should be clear that the 
constrained regime is an extreme case, and we consider it only to 
focus on our main innovation-firms' incentives to invest in general 
training-and to highlight the contrast between perfect and imper- 
fect labor markets. In the second case we consider, the noncooperative 

4This assumption is not as restrictive as it appears. For example, if total output 
is a function of human capital H and physical capital K, F(H, K) exhibits constant 
returns to scale, and K can be adjusted freely, then the marginal contribution of a 
worker with human capital t, y = flt), will be independent of the level of H. The 
reason is that an optimizing firm will keep the ratio of physical to human capital, 
K/H, constant. 
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regime, firms can credibly commit to a level of training, and workers 
are not credit constrained. However, firms and workers make deci- 
sions about training unilaterally, and we allow firms to make positive 
profits. In particular, we start with a first-period wage W = 0, but 
the worker chooses how much to contribute to training by taking a 
wage cut. So the level of training is T = c-'(7f + ye), where c-' is the 
inverse function of the cost of training, c(T); Yjis the firm's contribu- 
tion to training costs; and y,. is the contribution of the worker, so 
his first-period wage is W= -,y. Our analysis of the noncooperative 
regime will show that the main results of the constrained regime 
carry over to this case, demonstrating that contractual problems or 
credit constraints are not essential for our results. 

The third case is the full-competition regime, where firms compete 
in the first period by offering training-wage combinations {W, 'tA to 
workers, and in equilibrium they make zero profits. Contractual 
problems and credit constraints are once again absent, so W < 0 is 
allowed. This case leads to a number of different results, but our 
main conclusions that firms may pay for general training and that 
the extent of their payments depends on the degree of wage com- 
pression continue to apply. The assumption that contractual prob- 
lems are absent in the noncooperative and the full-competition re- 
gimes is reasonable when firms have long-term reputations but 
might be harder to justify in other circumstances, for example when 
firms are small or face a high probability of failure. We therefore 
believe that different regimes may be more reasonable descriptions 
for particular labor markets or episodes. 

B. Training in a Perfectly Competitive Labor Market 

If a worker quits after the first period, she receives a wage of v(X) 
in the outside labor market. Before discussing labor market frictions, 
we set the stage by reviewing the case of a competitive labor market. 
Since all skills are general and the worker can quit at no cost, we 
have v(T) = f(,). This implies that workers have to be paid their full 
marginal product,5 that is, w('t) = v('T) = f(t). The following result 
is immediate. 

PROPOSITION 1. Suppose that we are in the constrained regime 
and labor markets are competitive. Then the equilibrium training 
level is 'T = 0 (and W= 0). 

In this case, the worker cannot contribute to training costs, so the 
firm chooses the level of training unilaterally. Since w(T) = ftr), the 
firm cannot recoup the costs of training during the later career of 

5Recall that the marginal product of the worker is equal to flc) not f (t). 
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the worker, so no investment takes place, even though the optimal 
amount of training, T*, is strictly positive. It is sometimes asserted 
that credit constraints faced by workers may induce firms to invest 
in general training. Proposition 1 shows that such constraints are 
not sufficient for firm-sponsored training. 

We next analyze the noncooperative and full-competition re- 
gimes. 

PROPOSITION 2. In both the noncooperative and the full- 
competition regimes, when labor markets are competitive, the equi- 
librium level of training is IT = T* and W = - c(t*). 

Consider first the noncooperative regime. Here the worker real- 
izes that the firm will not contribute to training, so 7f = 0 and 'T = 

c-1 (- W). Hence, the worker chooses W = - c(t*), which induces 
training t*, and achieves the highest lifetime payoff. Intuitively, 
since the worker is the full residual claimant of returns from train- 
ing, he has the right incentives to invest. 

In the full-competition regime, firms compete to attract workers 
in the first period and are forced to offer the highest lifetime utility, 
which in this case is f(t*) - c(T*). So firms provide training t* and 
ensure that the worker pays for the cost by offering { W, AT = {-c(T*), 
'T*}. Workers, who are paying the costs of general training, again 
have the right incentives to invest, and the first-best level of training 
is achieved. 

Therefore, when labor markets are competitive and workers are 
allowed to contribute to training, the equilibrium achieves first-best 
training and the worker bears the full costs, as emphasized in Beck- 
er's (1964) seminal analysis. Note that the presence of separations 
with probability q is of no consequence because the worker gets ex- 
actly the same returns for his general human capital in the outside 
market. 

C. Frictional Labor Markets in the Constrained Regime 

We now model frictional labor markets by assuming that v(T) < f(T). 
Despite the fact that T is general human capital, when the worker 
separates from his employer, he receives a wage lower than his mar- 
ginal product. In the next section, we discuss in detail how different 
types of frictions and institutions determine v(T) and its relation to 

fl(T). For now, we take v(T) as given and assume that v"(T) ' f?"(T), 
which is a sufficient (but not necessary) restriction for the second- 
order conditions to hold. In the specific examples in Section III, this 
restriction will hold. Since v(T) < f(T), there is a surplus that the 
firm and the worker can share when they are together. For the expo- 
sition in this section, we adopt the Nash bargaining approach. We 
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also start with the constrained regime and return to the other cases 
below. 

Asymmetric Nash bargaining and risk neutrality imply that w(,), 
the second-period wage at the current firm, is 

w(T) = v(T) + 3[Tf(T) - v(T) - r, (1) 

where f E [0, 1] is the bargaining power of the worker, and ir0 is 
the outside option of the firm, which we normalize to zero. The 
equilibrium wage rate w(T) is independent of the cost of training, 
c(T). This is a feature of the temporal structure of our economy. The 
level of training is chosen by the firm, and then the worker and the 
firm bargain over the wage rate. At this point, training costs are al- 
ready sunk. 

Profits of the firm are 

t(t) = (1 - q)I[f(T) - w(T)] - c(T) 

= (1 - 13) (1 - q) [ f(T) - v(T) ] - c(T), 

where we have incorporated the fact that, with probability q, there 
will be an involuntary separation. In this regime the firm decides 
the level of training and bears all the costs, so it chooses X to max- 
imize i (T), which gives the first-order condition 

(1 - A) (1 - q)[f'(T) - v'(T) - c'(T = 0. (2) 

The necessary condition for the firm to invest in the general human 
capital of the worker, that is, for I > 0, is i'(0) > 0. Since c'(0) = 

0, firms will invest in training if and only if f'(O) > v'(O) and (1- 

(l- q) >0. 
PROPOSITION 3. Suppose that we are in the constrained regime, 

labor markets are frictional, fP < 1, and q < 1. Then as long as 
f'(0) > v'(0), the firm invests a positive amount in general skills, 
that is, X > 0. 

In contrast to the case of competitive labor markets, the firm may 
now have an incentive to invest in the general skills of its workers. 
The condition f'(0) > v'(0) implies that the wage structure is com- 
pressed (at the point of t = 0), so an increase in the worker's produc- 
tivity increases profits, encouraging the firm to invest in training.6 
What is relevant to the firm is the wage it pays, w(t), that is, the 
internal wage structure. However, the internal wage structure is en- 
dogenous and is linked to the external wage structure, v(X). In par- 
ticular, the wage rule (1) implies w'(T) = Pff'(r) + (1 - A) v'(Xr). 

6 The additional requirements that ,3 < 1 and q < 1 ensure that the firm gets 
some rents from the relation and that the employment relationship does not end 
with probability one. 
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Therefore, f 'Q(r) > v'(X) is equivalent to f 'Q(r) > w'Q(r), so that wages 
increase less with skills than productivity does, and the firm makes 
higher profits from trained workers. In other words, the internal 
wage structure is distorted only when the external wage structure 
is.7 Note, however, that v'(X) < f'(Qr) does not imply that training is 
less productive with other firms: since t is general skills, the worker 
produces f(t) with outside firms; but moving to a new firm is costly, 
and more so for more skilled workers. More explicit microfoun- 
dations for these costs will be given in the next section. 

Although a distorted wage structure encourages firms to pay for 
training, equilibrium training, 'a, is generally less than the first-best, 
ta*. In particular, as long as f > 0 and v'(t*) > 0, or if q > 0, equation 
(2) implies that I < *. 

A key comparative static result is immediate from our analysis so 
far. Let v(X) = av(Yr). Then everything else being equal, a reduction 
in a increases firms' investments in training, I (see eq. [2]). A de- 
crease in a reduces the outside option of skilled workers relative to 
the outside opportunities of the unskilled, compressing the wage 
structure. This implies that the firm can capture additional rents 
from the skilled, so it invests more in its employees' skills. Therefore, 
contrary to conventional wisdom, a more compressed wage structure 
may improve human capital investments. 

This result implies that the distortion of the wage structure may 
actually improve welfare. This is the well-known theory of the 
second-best at work. Since in the constrained regime training out- 
comes are inefficient, another distortion, in this case in the labor 
market, may induce firms to undertake some of these investments 
and improve output and welfare. For example, a move from v(T) = 

ftr) to v(r) = aftr) + b with a < 1 increases human capital invest- 
ments and does not affect other margins, so it increases net output 
(since T = 0 < t*). Naturally, in practice, increased frictions will 
have a number of allocative costs, such as lower employment. These 
costs need to be compared to the benefits in terms of better training 
incentives. Also our simple example in which workers cannot take 
wage cuts to bear the costs of training exaggerates the potential ben- 
efits from a distortion in the wage structure (see the next two subsec- 
tions). In any case, the implications of labor market frictions on 

'This is a feature of Nash bargaining. Other bargaining solutions give similar 
results but make the dependence of the internal on the external wage structure less 
transparent. Notice also that v(r) and w(,) are the wage structures "off the equilib- 
rium path" because all workers and firms are homogeneous. So they invest the same 
amount, and in equilibrium we observe only v(X) and w(i). It is straightforward, 
but not very instructive, to introduce worker or firm heterogeneity so that in equilib- 
rium we observe different workers paid different wages. 
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training are worth bearing in mind when suggesting labor market 
reforms. For example, proposals for reducing union power and re- 
moving other regulations in the German labor market, which are on 
the current political agenda, could have unforeseen consequences 
regarding the German apprenticeship system, where employers pay 
for the general training of their workers. 

Another useful comparative static result pertains to turnover, q. 
Equation (2) immediately implies that d?/ dq < 0, so turnover re- 
duces training. The reason is that the firm benefits from training 
only when the worker does not change jobs, and higher turnover 
makes this less likely. Since the equilibrium level of training, I, is 
already less than the first-best te, an increase in q makes training 
suboptimally low. It is often argued that high-turnover economies 
such as the United States do not generate sufficient investments in 
worker skills and that this represents an important market failure 
(e.g., Blinder and Krueger 1996). Indeed, cross-sectional compari- 
sons reveal that high-turnover countries or industries have lower 
training. For example, Topel and Ward (1992) find that the median 
number of jobs held by a male worker with 10 years of experience 
is six in the U.S. labor market, whereas it is one (Acemoglu and 
Pischke 1998b) or two (Dustmann and Meghir 1997) in Germany, 
where young workers are much more likely to receive formal train- 
ing (see also OECD 1994). Our model explains these correlations 
and suggests why high turnover causes less training in general skills, 
and why this may represent a market failure. Standard theory pre- 
dicts a negative correlation between specific skills and turnover but 
suggests that such a negative correlation is optimal. 

While we find a link between general training and turnover, it 
should be stressed that it is not the attachment between firms and 
workers that leads to firm-sponsored training. To see this, suppose 
that q = 0 and outside employers offer wages equal to f(t), but there 
is a cost of moving to a new employer, A, so that the worker receives 
v(r) = ftr) - A. In this case, w(r) = ftr) - (1 - 3)A, and all workers 
stay with their initial firms. Although workers never leave their em- 
ployer, there is no firm-sponsored investment in training because 
there is no distortion in the wage structure, that is, v'(r) = w'(r) = 

f'('t). 
It is also worth noting that when v'(0) < f'(0) so that firms invest 

in training, there is both an experience premium and a tenure pre- 
mium. The experience premium, conditional on tenure, is given by 
the change in wages for a worker who switches employers, that is, 
EP = v(?) - W. Since W = 0, EP > 0 except in the extreme case in 
which the outside wage structure does not reflect any of the general 
skills. The tenure premium, on the other hand, is the additional 
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wage increase that workers staying with their initial employers re- 
ceive compared to switchers, which in this case is equal to w(i) - 
v(?) = PS[f(T) - v(T)]. Estimates in the literature suggest that an 
increase in profit per worker increases wages, and the coefficient, 
which corresponds to 3, varies between 0.003 and 0.3 (see Abowd 
and Lemieux 1993; Blanchflower, Oswald, and Sanfey 1996). This 
suggests possible tenure effects ranging from quite small to sizable, 
consistent with empirical evidence that finds different tenure effects 
depending on specification and sample (e.g., Altonji and Shakotko 
1987; Topel 1991; Altonji and Williams 1997). 

Proposition 3 shows that firms prefer to pay for the training rather 
than employ an unskilled work force when wage differentials are 
compressed. However, there might be another, more profitable, 
strategy, which is to hire (poach) trained workers in the second pe- 
riod. In order to understand this poaching problem, notice that 
workers have no incentive to quit in equilibrium since w(t) > v(X), 
but firms would like to hire trained workers because w(x) < ffr). 
Whether poaching trained workers from other firms is profitable or 
not depends on the source of the distortion causing v(T) < ffr). 
Since we take the external wage structure as given, we delay a more 
detailed discussion of this possibility until we analyze more specific 
mechanisms in the next section. 

D. Firm-Sponsored Training in the Noncooperative 
Regime 

We now discuss the impact of labor market frictions on training 
when both firms and workers can contribute to training investments. 
We find that, contrary to common beliefs, credit market problems 
are not necessary for firms to bear the cost of general training. 
Whether they do or not is once again determined by the structure 
of wages. 

Recall that in this regime, training investments by firms and work- 
ers are chosen noncooperatively. In particular, we start with a first- 
period wage W = 0, and the worker and the firm simultaneously 
choose the amount of money they wish to spend on training, ye and 
,yf. The amount of training is tn. such that c(,rn) = yI + yf or Tnc = 

c-l (yw + Yf), and the worker's first-period wage is W = -y. There- 
fore, the worker maximizes v (rnc) + (1 - q) P[ f(tnc) -V (rnc) ] - 7W 
by choosing yw ' 0 and takes yf as given. Intuitively, with probability 
1 - q, the worker stays with the firm at the wage w(r) = 1f(t) + 
(1 -)v(vr). With probability q, he is forced to quit and receives 
v(T). The first-order condition for the worker's contribution is 
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v' (Qr,) + (1 - q)3[ f (zn) - ( -) c (zc) 0 if y, > 0 

?0 if y'=O= (. 

Similarly, the firm maximizes (1 -q) (1 - 3) [ft(zi) - v(tn~c) I 
,yf by choosing yf ? 0 and taking y,. as given. The first-order condi- 
tion for the firm is 

(1 - q) (1 - 3) [f(rIC) - ( -ic) c (rc) 0 if 'yf > 0 (4) 

?0 ifyf=0, 

which is essentially the same as (2). Inspection of equations (3) and 
(4) implies that, generically, only one of them holds as an equality, 
so one of the parties bears the full cost of training. The reason is 
that the contributions of the worker and the firm are perfect substi- 
tutes. More precisely, let t, be the level of training that satisfies (3) 
as an equality and tf be the solution to (4) as an equality. Then we 
get the following proposition. 

PROPOSITION 4. Suppose that we are in the noncooperative re- 
gime. If tf > tw, then the firm bears all the cost of training, W = 
ye = 0, and tIC = tf. In contrast, if tw > tf, then yf = 0, the worker 
bears all the cost of training, W = yw = -c(rnc), and tIC = Tw 

Despite the fact that training is general and the worker is not credit 
constrained, the firm may bear all the costs of training. When tf > 
,t,, the results in Section IIC continue to hold. Therefore, for our 
results that firms pay for general training to be true, we do not need 
the assumption that workers cannot contribute to the costs of train- 
ing: as long as the structure of wages is sufficiently distorted, firms 
will be more willing to invest in training than workers, and they will 
bear all the costs. 

An important result of this analysis is that the more distorted the 
wage structure is (i.e., the lower v' is relative to f '), the more likely 
the firm, rather than the worker, is to pay for training. Therefore, 
our model predicts that in economies with compressed wage struc- 
tures such as Germany and Sweden, employers should pay for gen- 
eral training, whereas in the United States it may be the workers who 
bear the cost of a range of training investments (such as vocational 
courses). Also, when the firm is paying for training, a further distor- 
tion in the wage structure increases training, whereas when workers 
are bearing the costs, a distortion in the structure of wages reduces 
training. Finally, inspection of (3) and (4) shows that a larger bar- 
gaining power for the firm, that is, a lower value of 3, makes it more 
likely that the firm will finance the costs of training. The reason is 
that for a given v(X), a decline in X makes the internal wage structure 
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more compressed, encouraging the firm to make a larger contribu- 
tion to training. 

Hashimoto (1979, 1981) and Hashimoto and Yu (1980) have pre- 
viously analyzed how costs of investments in specific training are 
shared between the firm and the worker. Since labor market imper- 
fections turn X into de facto specific skills, our analysis is related to 
this work. Hashimoto's work assumes that there are transaction 
costs, causing inefficient separations later in the career of workers. 
In particular, workers and firms receive idiosyncratic taste and pro- 
ductivity shocks and can unilaterally decide to end the relation. The 
firm-worker pair therefore shares productivity gains to minimize in- 
efficient separations, and this sharing rule for returns from training 
dictates how the costs of investments should be shared. Our analysis 
differs in that there are no transaction costs after investment and, 
thus, no inefficient separations in the second period. However, one 
might view our model as including "transaction costs" at the point 
of training, which force workers and firms to make their contribu- 
tions to training investments noncooperatively (in the next subsection, 
we remove these transaction costs). This feature implies that the ex- 
pectation of future returns, partially shaped by outside wages, deter- 
mines the willingness of the parties to invest. When the external 
wage structure is highly distorted, the resulting internal wage struc- 
ture does not reward the worker for his skills, so the firm has to pay 
all the cost. In this setup, either the firm or the worker pays for all 
the costs because investments by the two parties are perfect substi- 
tutes. With a modified setup in which t = h(,y, yf) and the cross- 
partial derivative of h is nonzero, both the firm and the worker con- 
tribute to training as in Hashimoto's papers. 

E. Training Investments in the Full-Competition 
Regime 

Now workers can contribute to training costs and firms can commit 
to providing training, but in contrast to the noncooperative regime, 
firms compete for workers by offering wage-training packages, 
{W, t}, taking workers' valuation of the training into account. Firms 
maximize profits, which are (by substitution for the wage rule [1]) 

tc(r, W) = (1 - q)(1 - 13)[f(t) - v(T)] - c(T) - W, (5) 

by choosing Wand t, subject to the constraint that workers receive 
as much utility as that offered by other firms, U, which is 

v(T) + (1 - q)p[f(t) - v(X)] + W?' U. (6) 



STRUCTURE OF WAGES 553 

Competition ensures that U is high enough so that ic = O.8 This 
implies the following proposition. 

PROPOSITION 5. In the full-competition regime, all firms offer 
first-period wage-training combination {Wf, trfc such that c'(rfc) = 

(1 - q)f 'Q(rfC) + qv'Q(rfC) and Wfc = (1 - q) (1 [f t)c) - v(tfc) - 

C(tfc) . 

To understand the level of training in this case, note that full com- 
petition induces a "cooperative" choice of training.9 In particular, 
in the noncooperative regime, the firm considered only its own 
profits when choosing its contribution to training. However now, via 
the participation constraint of the worker, (6), the firm takes into 
account how much the utility of the worker increases as a result of 
a marginal increase in training. This turns the problem into one of 
maximizing joint surplus, (1 - q)ftr) + qv(Xr) (i.e., with probability 
1 - q, the pair remains together and the joint return is ftr); and 
with probability q, there is a separation, and the firm receives no 
return from training whereas the worker receives v(X)). 

Notice that as long as q > 0, the external wage structure continues 
to matter for training. However, a more distorted external wage 
structure now reduces training. Also when q > 0 and f'(t) > v'(X), 
the level of training investment is generally less than the first-best 
amount, because with probability q the worker is employed by an- 
other firm. So ex ante investments create positive externalities on 
his potential future employers (this is not the case when f'(t) > 

v'(r) is caused by complementarities between general and specific 
skills as in Sec. III C but is true in the other cases discussed in the 
next section). In particular, if v(r) is the wage that future employers 
pay the worker, then their profit is equal tof(t) - v(t), and a higher 
level of X increases future employers' profitability. The worker and 
the firm do not take this into account in their training decisions, 
making training suboptimally low (see Acemoglu [1997] for further 
details). 

More important, notice that as long as 13 is sufficiently less than 
one, we have W > 0. Therefore, the worker receives a positive salary, 
despite the fact that he is not credit constrained and his net output 
is - c(y). In particular, the larger the gap between marginal product 
and the outside wage at the level of equilibrium training, f(rfc) - 

v(tfc), the greater the first-period wage. The gap ftrfc) - v(tfc) tends 

8 Otherwise, another firm would offer U + E, for E sufficiently small and positive, 
attract all the workers, and make positive profits. 

'We obtain very similar results when Wand T are determined by Nash bargaining 
in the first period. In particular, the presence of the first-period wage W makes 
utility fully transferable, so the choice of training would be "cooperative," i.e., max- 
imize joint surplus. 
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to be larger when the external wage structure is more distorted (es- 
pecially if we start with f(O) = v(O)). Therefore, our analysis with 
full competition also suggests that when the wage structure is more 
distorted, firms pay for a larger fraction of training costs. Intuitively, 
with imperfect labor markets, the worker has an attachment to his 
employer, enabling, the firm to make positive profits in the second 
period. Competition then forces the firm to pay these profits in the 
first period. The firm's monopsony power in the second period origi- 
nates from the gap between fyf,) and v(tft). So the more distorted 
v(X) is (or the lower v(tft) is), the greater the rent the firm expects, 
and competition forces it to pay a larger fraction of the costs of train- 
ing. In fact, iff(yf) = V(tfr) as in competitive markets, the firm earns 
no rents in the second period, so W = - C(tft); that is, the firm pays 
nothing toward general training. Therefore, the important conclu- 
sion overall is that although the assumption of full competition mod- 
ifies our analysis, as long as the labor market is imperfect, firms con- 
tinue to contribute to the cost of general training, and their 
contribution tends to be larger when the (external) wage structure 
is more compressed. Hence, except for the impact of wage compres- 
sion on the total amount of training, our qualitative results from the 
constrained regime continue to hold.'0 

Our analysis of full competition is closer in spirit to Hashimoto's 
work. In particular, now there are no transaction costs in the first 
period, and so the level of training is chosen "cooperatively." While 
there are no inefficient separations, the firm cannot choose and 
commit to future wages, so returns from training are shared by Nash 
bargaining in the second period. Given this sharing rule, training 
costs are shared in the first period so as to ensure zero profits for 
the firm. 

III. Specific Mechanisms and the Role 
of Institutions 

The previous section described our simple theory of firm-sponsored 
investment in general training. The key ingredient was a compressed 
wage structure such that f'(r) > w'(r). We found that the crucial 
condition to ensure this is f '(t) > v'(T); that is, outside opportuni- 
ties for the worker should improve less than his productivity as he 
acquires more skills. Although the structure of wages is taken as 
given by the firm and the worker, it is an equilibrium object. In this 

10Also notice that the tenure premium, f[fT(,ft) - V(tft)], is again positive. The 
experience premium, v(rfc) - WVf, on the other hand, may be negative, but if c is 
sufficiently high, it will be positive. 



STRUCTURE OF WAGES 555 

section we discuss how a range of plausible labor market frictions 
lead to a distortion in the external wage structure, v(r), inducing 
firm-sponsored training. Throughout this section, we simplify our 
discussion by focusing on the constrained regime, so we study only 
firms' incentives to invest in skills. Our analysis in Sections IID 
and HIE shows that firms continue to pay for general training in the 
noncooperative and full-competition regimes. But in the full- 
competition regime a distortion in the external wage structure re- 
duces training, whereas in the noncooperative regime it may reduce 
or increase investments. This has to be borne in mind when one 
interprets our results in this section. Our aim here is to bring out 
the major ideas rather than analyze each model fully. For this reason 
we keep the exposition as simple as possible. 

A. Search and Monopsony 

Consider the same setup as in Section II, but in the second period 
the worker has to find a new firm if he quits. With probability p", 
the worker is successful and finds a new employer; with probability 
1 - p,,, he is unemployed and receives unemployment benefit b(,). 
If he finds an employer, he has to bargain with this firm to determine 
wages. The worker's outside option in this second and final bargain 
is zero. With the same bargaining power, 3, for the worker as above, 
he will get a wage W2 (t) = Pf(tX), and his new employer will capture 
a proportion 1 - , of the output. The fact that there is no further 
period is a special, but nonessential, feature. In the Appendix we 
analyze the infinite-horizon case and establish the same results. 

The outside option of the worker in the bargain of the first period 
is therefore v(r) = pwIflr) + (1 - pw) b(r). The first-order condition 
for the firm's investment in training is therefore (1 - 3) [(1 - 

Pw I)f (t) - (1 - pw)b (r)] = c'(T). As in Section II, firms invest in 
general training if the external wage structure is distorted against 
skilled workers (i.e., f'(O) > v'(O)). In this model, this is equiva- 
lent to pw Pf '(O) + (1 - pw) b'(O) < f '(O), which will be satisfied if 
b'(O) < f'(O) and pw < 1, or ,3 < 1. Most unemployment insurance 
systems are progressive, so b'(O) < f'(O) is a weak requirement, and 
pw < 1 and f < 1 are almost always true in models with frictions. 
Therefore, under fairly weak conditions, this model predicts firm- 
sponsored investments in general training. 

We refer to this situation as search-induced monopsony: because 
it is costly for the worker to change employers, the firm has some 
monopsony power and captures part of the higher output due to 
the worker's higher productivity. There are two costs of leaving the 
current employer that underlie the monopsony power of the firm. 
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First, the worker anticipates that his future employers will capture 
a certain fraction of his productivity, so the monopsony power of 
potential future employers contributes to the monopsony power of 
the current employer. Second, a worker who quits can suffer unem- 
ployment, which reduces the return to quitting. Both costs increase 
with skills, which compresses the equilibrium wage structure and in- 
duces firm-sponsored training (see the Appendix and also Acem- 
oglu [1997] for further details). 

This model predicts that when the labor market is more "fric- 
tional" in the sense that pt, the exit rate from unemployment, is 
lower and unemployment higher, we should observe more firm- 
sponsored training. The reason is that a lower exit rate from 
unemployment, pX, makes the wage structure more distorted since 
b' (X) < f'Q(r). According to OECD (1993), monthly exit rates from 
unemployment are 48.2 percent in the United States, 22 percent in 
Japan, 7.6 percent in Germany, and 6.7 percent in France. There- 
fore, in line with our theory, the numbers reported in note 3 sug- 
gest that economies with more frictional markets may have more 
firm-sponsored formal training programs. 

It is also instructive to contemplate whether poaching of trained 
workers may change the implications of this specific mechanism. 
The answer depends on the exact specification of the poaching pro- 
cess. A reasonable first pass is to consider a situation in which a new 
firm contacts and makes a poaching offer to an already-employed 
trained worker. This will create Bertrand competition between the 
two firms for this particular worker, increasing the worker's wage 
to his marginal product. Recall that in this model there are search 
frictions, so it is plausible that it would be costly for firms to find 
trained workers to make poaching offers to. Hence, anticipating that 
after a poaching offer there are no profit opportunities, firms would 
not make such offers. Therefore, introducing the possibility of 
poaching in the simplest way does not affect our main results. 

B. Asymmetric Information 

Skills may be technically general, but outside employers may be un- 
able to ascertain whether a worker actually possesses these skills, or 
in what amount or quality. If this is the case, the outside wage will 
not reflect these uncredentialed skills, or not reflect them fully so 
that f'(t) > v'(X). This has been suggested by Katz and Ziderman 
(1990) and analyzed by Chang and Wang (1996). Bishop (1994) 
finds empirical support for this notion using data from the National 
Federation of Independent Business Survey. 

Information advantages of the incumbent employers may lead to 
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firm-sponsored training even if the skills are observable. For exam- 
ple, the content of German apprenticeship programs is well known; 
thus t is observed by outside firms, but the initial employer still has 
superior information regarding the ability of its workers. We have 
analyzed this case in Acemoglu and Pischke (1998b). The following 
adverse selection model is based on our previous work. 

Workers have two different abilities denoted by r9. A proportion 
p have low ability normalized to rj = 0. The remaining proportion 
1 - p have high ability with fl = 1. The production function is f(t, 
1) = tr. The incumbent firm does not know the ability of a particu- 
lar worker at the beginning of period 1 when it must decide about 
training. At the end of period 1, it learns the worker's type and offers 
a wage that can be contingent on ability, w(r, ri). Outside firms do 
not know worker ability but observe the level of training the worker 
has received. They offer a wage, v(r), conditional on training. Work- 
ers quit their original employer whenever the outside wage is higher, 
that is, when v(r) > w(r, rj). We also assume that there are other 
(exogenous) reasons for quits, so that even when w(, ri) ' 
workers separate with probability X. 

To avoid issues of bargaining with asymmetric information, we 
give all the bargaining power to the incumbent firm by setting 1 = 
0. Therefore, the firm will offer a wage w(, rj = 0) = 0 to low-ability 
workers and the lowest possible wage to high-ability workers that will 
prevent them from leaving, that is, w(,, rj = 1) = v(r). At this wage, 
only the fraction X of the high-ability workers who are unhappy in 
this firm would quit. The outside market is competitive but, as noted 
above, cannot distinguish high-ability workers, so the outside wage 
is equal to the expected productivity of workers who separate. Since 
some high-ability workers quit (i.e., X > 0), we have v(t) > 0. This 
implies that all low-ability workers will also quit to take advantage 
of the higher outside wage. In equilibrium, expected productivity 
and the wage in the outside market are 

( =) = 
(1 - p)T 

p + X(1 - p) 

The incumbent employer keeps a fraction (1-) (1 - p) of work- 
ers, all of whom are high-ability. Therefore, profits are given by 

In(T) = (1 - )(1 - p) [t - w(r, 1)] - c(T) 

= (1 - )(1 - p) [t - v(T) ] - c(r) . 

In words, the firm pays the cost of training for all workers because 
worker ability is not observed before training. After training, all low- 
ability and a proportion X of high-ability workers leave and the firm 
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pays v(T) to the remaining workers and makes profits equal to t - 

v(r) per retained worker. Therefore, the first-order condition for 
training is 

t'Q() = (1 - X) (1 - P) [1 - v'T)- c'(r) = 0. (7) 

The firm retains only highly skilled workers, so f'(t) = 1. Since we 
also have c'(O) = 0, the necessary and sufficient condition for firm- 
sponsored training is v'(0) < 1, our familiar condition that the wage 
structure should be compressed. It is immediate to see that this 
condition is always satisfied because v'(X) = X(1 -) / [p + X(1 - 

p) ] < 1. Intuitively, the presence of low-ability workers in the second- 
hand labor market implies that firms view workers in this market as 
"lemons." They are therefore unwilling to increase their wage offers 
by much for workers with higher t because training is not useful to 
low-ability workers, who are the majority of those in the secondhand 
market. 

Many of the assumptions in this example are inessential and were 
made only to simplify the exposition. The crucial ingredient is that 
training and ability are complements, as captured by the multiplica- 
tive production function f(t, i) = tA. To see the importance of 
complementarity between unobserved ability and training, consider 
instead ftr, rl) = X + rl. The outside wage in this case is 

() pT + X(1 -p)(1 + t) + (1 - p) 

p + X(1 - p) p + X(1 - p) 

The outside wage now increases one for one with t, that is, v'(X) = 

1. Therefore, (7) is satisfied at t = 0, and the firm does not invest 
in the training of its workers. The reason is that training raises the 
productivity of the more and less able workers by an equal amount. 
Asymmetric information still leads to rents for the incumbent firm, 
but it does not lead to a distortion of the wage structure. 

In Acemoglu and Pischke (1998b), we discuss the case in which 
outside firms can make poaching offers, and we show that the results 
discussed here are robust to this extension. The intuition is that the 
superior information of the incumbent firm creates a "winner's 
curse": the incumbent would stop competing against the raiding 
firm only when the raider's offer exceeds the worker's productivity. 
As a result, the raider will attract the worker only when his productiv- 
ity falls short of his wage. Also in that paper we present empirical 
evidence for adverse selection among German apprentices. We show 
that apprentices who leave their training firm because of the military 
draft (an exogenous separation) earn more than those who stay at 
the apprenticeship firm and other quitters. Unlike other quitters 
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and stayers, military quitters are freed from the adverse selection 
problem because the reason for their separation is observed by the 
outside market. 

C. Firm-Specific Human Capital 

Our analysis has so far concentrated on general human capital for 
clarity. However, it is undoubtedly true that there exist skills that are 
more useful in the current firm than in outside firms. Becker's 
(1964) classic analysis discussed investment in such skills and con- 
cluded that the firm should pay for at least part of the costs, and 
Hashimoto (1979, 1981) showed how the costs of these investments 
are shared. In the presence of purely specific skills, markets are not 
competitive in the most usual sense; if a worker has some skills that 
can be used in only one firm, then for one of the commodities there 
is only one buyer and one seller, so price-taking behavior does not 
apply. In this subsection we show that this deviation from pure com- 
petition also leads to firm-sponsored investments in general 
training. 

Assume that output in the second period is now given by y = f(, 
s), where s is firm-specific human capital. Once again, in the first 
period the firm chooses t at cost c(r), and there is an exogenous 
probability q that the pair will separate in the second period. The 
source of the firm-specific skill, s, is inessential: it could be acquired 
during the first period that the worker spends with the firm (e.g., 
via a learning mechanism as inJovanovic [1979]), so s > 0. Alterna- 
tively, the firm may choose how much to invest in these skills with 
some cost function <)(s) such that (1 - q)Jf(,r, 0) /as > 0'(O), which 
ensures that the firm would always like to invest a positive amount 
in firm-specific skills. Both scenarios are equivalent for the purposes 
of this section. 

Since there is competition among outside firms, we have v(T) 

ftr, 0). Generally, v(r) is independent of s because s is useful only 
in the current firm. This is the crucial ingredient creating a distor- 
tion in the internal wage structure. Assuming Nash bargaining once 
more, we have w(r, s) = Pf(r, s) + (1 - 3)f(r, 0). The firm will 
solve 

max tc(r, s)= (1-q) [ fr, s) - w(r, s)] -c(Tr) 

= (1 - q)(l - 3)[ftr, s) - ftr, 0)] - c(r). 

As before, this implies that the firm invests ? > 0 only if ,3 < 1, q < 
1, and af(O, s)/at > v'(0) or if af(O, s)/ t > af(O, 0)/ a. There- 
fore, for firm-sponsored investment in general training, we need 
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J2f(t, s) /ta3s > 0, that is, a complementarity between firm-specific and 
general skills. In fact, since c'(0) = 0, it is necessary and sufficient 
for firm-sponsored investments in general training that a2f(, 
s) /a3ts > 0, q < 1, and ,3 < 1. 

To summarize, if firm-specific skills and general skills are comple- 
ments in the production function, increasing general skills raises 
productivity more than outside wages, encouraging the firm to invest 
in these general skills." If specific and general skills do not interact, 
the outside wage function has the same slope in t as the production 
function. In this case, specific skills generate rents from the current 
employment relationship, but these rents are the same at all levels 
of skill. The firm therefore has no incentive to invest in general skills. 

Notice also that standard theory suggests that there should be less 
investment in firm-specific skills when turnover is higher. Our 
model points out that there should be more firm-sponsored invest- 
ments in general skills when there are more firm-specific skills. 
Therefore, our analysis in this subsection suggests another reason 
to expect more general training in economies with low turnover. 

The formulation above is also useful in contexts other than merely 
specific training. For example, s above could be physical capital of 
the firm. If firms have different levels of physical capital and physical 
and general human capital are complements, then firms with more 
physical capital would like to employ workers with more human capi- 
tal. Suppose that there is one firm that has a higher stock of physical 
capital than other firms. It would be profitable for this firm to invest 
in the workers' human capital if physical capital is not perfectly mo- 
bile. This conclusion again crucially depends on the existence of 
some frictions, in this case in the credit market. With perfect mar- 
kets, a new employer could buy additional physical capital (from the 
previous employer or another source) and pay the worker his full 
marginal product, which would prevent the initial employer from 
recouping training costs. At first sight, this example seems to contra- 
dict our general premise that labor market imperfections are needed 
for firm-sponsored investments in general human capital. However, 
if capital is immobile, then the employer with a larger stock of physi- 

" Related ideas have been discussed in other papers. Stevens (1994) considers 
skills that are neither completely general nor completely specific and notes that this 
will mean that workers are unlikely to face a perfect outside labor market for these 
skills. However, she does not consider the interaction between specific and general 
skills as a source for firms' investments in general training. Franz and Soskice (1995) 
discuss the case in which general training is a by-product of specific training; i.e., 
the complementarity is on the cost side rather than on the output side as in our 
analysis above. Bishop (1997) points out that individual skills may be general, but 
the particular mix of these general skills used by any single employer could be firm- 
specific. 
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cal capital has monopsony power over the human capital of the 
worker, which is the source of the distortion in the wage structure. 
In other words, the imperfection in the capital market spills over 
into the labor market. 

Finally, note that poaching is not a problem here. Because of firm- 
specific skills, outside firms could not offer higher wages to trained 
workers and make positive profits. 

D. Efficiency Wages 

Our analysis in subsection B considered asymmetric information be- 
tween the current employer of the worker and other firms. Another 
important asymmetry of information exists between the worker and 
the firm. Principal-agent, efficiency wage, and personnel economics 
literatures analyze how the structure of wages can be designed to 
avoid adverse selection and encourage effort (see, e.g., Weiss 1990; 
Lazear 1995). Incentive compatibility constraints in these models of- 
ten distort the structure of wages, which we illustrate here with a 
simple example. 

Suppose that the firm invests in general training in the first pe- 
riod. In the second period, it chooses what wage to offer to the 
worker, but there is a moral hazard problem that requires the firm 
to pay an efficiency wage. Either the worker can exert effort at cost 
e and produce f(t), where, as before, t is general human capital, or 
he exerts no effort and produces nothing. If e or a variable highly 
correlated with e were contractible, there would be no moral haz- 
ard.'2 Instead, a worker who exerts no effort has a probability p of 
getting caught. We assume that both the firm and the worker are 
risk-neutral, and there is a limited liability constraint, so that the 
worker cannot be paid a negative wage. Finally, to simplify the analy- 
sis, we assume that the firm has all the bargaining power and that 
there are no other reasons for a separation (i.e., q = 0). 

Since a worker caught shirking will receive zero, when he shirks 
he saves the effort cost, e, but risks losing his wage with probability 
p. The incentive compatibility condition to exert effort is therefore 
w - e ' (1 - p) w. The firm, trying to minimize costs, would choose 
w = e/p if it can. Notice that the incentive compatibility constraint 
is independent of skill, which creates the necessary distortion in the 

12 It is natural that the effort level of the worker is not always observed. Also, in 
most firms, rather than the output of an individual worker, only the output of a 
whole division is observed, and this is not easy to use to provide incentives to individ- 
ual workers. 
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wage structure.'3 There is also a participation constraint for the 
worker to be satisfied. We assume that the worker can obtain his net 
marginal productflr) - e by quitting but would incur some cost A > 
0, independent of skills, in the process. Therefore, the participation 
constraint takes the form w ' f(t) - A. The important point to 
notice is that without moral hazard considerations, the presence of 
A does not induce the firm to invest in general skills (i.e., It = 0). 

It is clear that the optimal wage structure, which satisfies the incen- 
tive and participation constraints above, is 

w(r) = max ejf(t) - A. (8) 
P 

The firm then chooses t to maximize profits ftr) - w(r) - c(r). It 
should be clear that this distortion will encourage the firm to invest 
in general training (as long as e/p is not so high as to shut down 
production). So in general T will be positive.14 

Notice at this point a feature that distinguishes this mechanism 
(and the minimum-wage and union examples that follow) from the 
others we have discussed. There is no distortion in the external wage 
structure (v'Q(r) = f'Q(r)), but efficiency wages (or minimum wages 
or unions) distort the internal wage structure. In contrast, in the 
other examples, labor market frictions distort the external wage 
structure and, via this channel, compress the internal wage structure. 
Nevertheless, in the efficiency wage example, when there are moral 
hazard problems in other firms as well, the external wage structure 
will also be distorted, but this does not affect our results. In fact, 
more generally, (8) will take the form w(r) = max{e/p, v(r) 1, which 
continues to be compressed at low wages irrespective of the form of 
v(T). For example, when all other firms in the economy have exactly 
the same moral hazard problem, we have v(r) = pww(r) - A, where 
pw is the probability of employment, which may be less than one as 
a result of unemployment caused by efficiency wages. It is straightfor- 

13 The assumption that the incentive compatibility constraint is independent of 
future job opportunities, and thus of skills, is not crucial. The result holds as long 
as the constraint induces a relation between wages and skills less steeply sloped than 
f(t). The model by Loewenstein and Spletzer (1998a) has a similar flavor. In their 
model, firms can commit ex ante to pay a certain wage in the second period in 
order to reduce turnover. Whenever this constraint is binding for the firm, it has 
an incentive to invest in the worker's general skills. 

14 The exact level of training depends on the relative positions of the kink in the 
wage function (8) and A*. In particular, let t be such that f(t) - A = e/p. Then 
if t ? 'r* and c(T) '? A, the firm will operate and choose T = T. If t > T* and 
f(T*) 2 c(T*) + (e/p), then the firm will operate and choose T = t*. Finally, if 
T > A* and f(T*) < c(T*) + (e/p) or if T? 'A* and c(T) > A, then the firm will 
choose not to operate. 
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ward to see that firms continue to invest in general training, so 
whether the rest of the economy is subject to moral hazard is not 
crucial. Also in this case, the compressed external wage structure 
induces the internal wage structure to be compressed further and 
increases firms' incentives to sponsor training. 

Finally, there will be no poaching in this case either because A is 
a mobility cost or a premium to specific skills, and the worker loses 
this amount when he changesjobs. Therefore, an outside firm would 
need to pay a wage that is at least higher than the current wage by 
A, so poaching is not profitable. 

E. Minimum Wages and Other Wage Floors 

The next two mechanisms we discuss are labor market institutions 
that create wage distortions. Perhaps the most common intervention 
in the labor market is the imposition of wage floors, due to minimum 
wages and high reservation wages caused by unemployment benefits. 
Minimum wages are relatively low in the United States and the 
United Kingdom as compared to the higher levels in many continen- 
tal European economies. 

It is well known that the imposition of a minimum wage can never 
lead to more training when labor markets are competitive (Rosen 
1972). Because workers pay for training through lower wages, a mini- 
mum wage may prevent the firm from reducing wages enough dur- 
ing the training period. This is the rationale behind the introduction 
of "training subminima" in many recent U.S. minimum-wage laws. 

Now consider a labor market with frictions, where v(T) = fJt) - 

A, due to a mobility cost unrelated to skill. It is once again important 
to emphasize that this distortion does not by itself lead to firm-spon- 
sored training because v(T) is not distorted. Also suppose that the 
firm has all the bargaining power (3 = 0) so that w(r) = v(X). 

Next consider a wage floor WM due to either minimum wages or 
unemployment benefits. The structure of wages now becomes 

w(t) = max{wM, f(t) - Al, (9) 

which is kinked at WM and thus distorted at low levels of t. The firm 
then chooses X to maximize fXt) - w(t) - c(r). Observe that this 
wage function is identical to (8) in the case of efficiency wages, with 
WM replacing e/p. The condition for a positive training level, a distor- 
tion in the structure of wages, is satisfied, so equilibrium training is 
X> 0 as long as the firm chooses to operate."5 Note that as in the 

15 The exact conditions for training are very similar to those given in n. 14. In 
particular, WM replaces e/p, and the no-shutdown conditions become WM + c(T) S 

A when t < T* and 2wM + c(T*) - f(T*) when T* ' I, because the firm has to pay 
the minimum wage WM in both periods. 
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case of efficiency wages, if A is interpreted as a mobility cost for the 
worker, there are no poaching opportunities. 

Notice the stark contrast of the predictions in this case to those 
of the standard human capital model. With competitive markets, a 
minimum wage just below f(O) is detrimental to the accumulation 
of general human capital because it prevents the worker from taking 
a wage cut in the first period to compensate the firm for the costs 
of training. With frictions, in contrast, such a minimum wage could 
imply f'(0) > w'(0) = 0 and induce the firm to invest in general 
training. 6 

Given the contrast between our results and those based on Beck- 
er's theory of general training in which workers bear the costs, it is 
instructive to look at the empirical evidence regarding the impact 
of minimum wages on training. The micro evidence is mixed. Leigh- 
ton and Mincer (1981) and Neumark and Wascher (1998) find nega- 
tive effects of minimum wages on training, whereas Grossberg and 
Sicilian (1999) and Acemoglu and Pischke (1998a) find no effects 
of minimum wages. Only our own study uses within-state variation 
in the minimum wage from one year to the next, which seems the 
most convincing way of getting at the effect of the minimum wage. 
This absence of negative effects of minimum wages on training sug- 
gests that as well as preventing some workers from financing their 
own training, minimum wages may also be inducing firm-sponsored 
training as implied by our theory. 

F. Unions 

Another important institutional difference across economies is the 
role played by unions. In Germany and Scandinavian countries, 
unions are heavily involved in wage determination, whereas in the 
United States they have traditionally been less prominent, and their 
importance has been declining. Since unions tend to compress the 
wage structure among covered workers (Freeman and Medoff 1984), 
they are relevant for our theory. 

16 There are additional results when we consider the case in which workers can 
also contribute to training (see Acemoglu and Pischke [1998a] for details). For ex- 
ample, if there was no minimum wage previously and workers were able to pay for 
their own training, then the introduction of a minimum wage leads to firm financing 
of the training. But the training level never goes up and may go down. On the 
other hand, an increase in a previously binding minimum wage may lead to more 
investment. In this case, worker financing through lower wages was already impossi- 
ble, so that the firm paid for training before the minimum-wage increase. Because 
a higher minimum wage moves the kink in the wage function (9) to the right, the 
firm will now choose more training unless it was already providing the first-best 
amount. 
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We therefore consider union wage setting as an alternative to indi- 
vidual Nash bargains discussed above. A union with N members can 
set the entire wage structure w(t) at the beginning of the period, 
and then the firm chooses training. Hence, this model is an ana- 
logue to the standard monopoly union (right-to-manage) model, 
except that because of constant returns, all N union members are 
employed, but the firm's labor demand decision is replaced with the 
training decision. The firm maximizes profit per worker n(t,) = ft() 
- w(T) - c(T) and chooses to shut down if maximum profits are 
negative. 

We start with the simple case in which the union can choose only 
one wage for all training levels, w(t) = w. We shall see that the union 
cannot improve over this situation. Also suppose that the rest of the 
economy is not unionized and has a wage structure v(T) < f(t). The 
union anticipates the behavior of the firm, which can be summarized 
by the first-order condition f'(t) - w'(t) = c'(t). Since the wage 
does not vary with skill (i.e., w(t) = w), the firm will choose first- 
best training, t*. 

The union simply maximizes the wage income of workers and has 
to make sure to obey 7(t*) ' 0 so that the firm does not shut down. 
This implies that the union will set w so as to extract all the rents 
and force the firm down to zero profits. Therefore, the optimal wage 
is we = f(t*) - c(TC)." 

The reason for first-best training is that the union is choosing the 
wage structure before the training decisions. The firm invests t be- 
cause f' (t) > w' (t) = 0; in other words, workers get a fixed payment 
and the firm is the full residual claimant. This immediately implies 
that the union cannot do better by choosing a wage schedule that 
is different from w(t) = w*. It is also important to note that if the 
firm had the option to set the wage structure itself and commit to 
this ex ante, we would not obtain the same results because the union 
is not only committing to a wage structure but also choosing one that 
forces the firm to pay less skilled workers more than their marginal 
product. The firm would never find this profitable without the 
union. 

Next consider the case in which the rest of the economy is union- 
ized, with other unions choosing the same wage policy. Therefore, 
a worker who quits the firm will either be unemployed (probability 
1 - pw) or find a job paying w* (probability pw). Therefore, v(T) = 
pww*. It is clear that for all values of pw, this does not change the 
optimal wage policy of the union, which is again to set we and ensure 
first-best training. 

"7As long as we 2 v(r*), which we assume to be the case. 
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This analysis also suggests a new reason why unions may like to 
compress the wage structure. Such behavior is usually explained with 
reference to unions' political preferences (e.g., the median union 
member chooses the wage structure, and the distribution of mar- 
ginal products may be skewed to the left) or ideological reasons (see, 
e.g., Freeman and Medoff 1984). Our analysis points out that when 
unions take into account the impact of the wage structure on the 
training decisions of firms, there is another reason for choosing a 
compressed wage structure. It is also interesting to note that in this 
case there may be room for poaching since we < f(t*). So if the 
firm anticipates that trained workers will be poached by other firms, 
it would choose not to invest and shut down. Thus unions might 
have an additional role in preventing mobility of trained workers, 
which is sometimes suggested as a role of German works councils. 

Notice finally that if there were ex ante heterogeneity among cov- 
ered workers, the union would no longer choose a single wage. How- 
ever, it can be shown in this case that the union would still choose 
to compress the wage structure and induce training. 

The predictions of our model once again are different from those 
of the standard theory, where wage compression would reduce work- 
ers' investments in general training. In contrast, we predict that by 
compressing the wage structure, unions may encourage firms to 
sponsor training programs. The micro evidence is once again mixed. 
Studies by Duncan and Stafford (1980) and Mincer (1983) based 
on the Panel Study on Income Dynamics, Lillard and Tan (1992) 
based on the Current Population Survey, and Barron, Fuess, and 
Loewenstein (1987) based on the Employment Opportunity Pilot 
Project (EOPP) find negative effects of union status on training. Bar- 
ron, Berger, and Black (1997), on the other hand, report insignifi- 
cant union effects using the EOPP data and find positive effects for 
formal training in the Small Business Administration survey. Lynch 
(1992) also finds positive effects for formal training in the NLSY. 
For the United Kingdom, Booth (1991) reports more training for 
union workers, and Green (1993) finds more training for unionized 
workers in small establishments but not in large establishments. 

IV. Conclusion 

When the wage structure is distorted away from the competitive 
benchmark and in favor of less skilled workers, firms may want to 
invest in the general skills of their employees. For this result to hold, 
workers do not need to be credit constrained. What matters is the 
form of labor market frictions and institutions. These results con- 
trast with the standard theory based on Becker's seminal work in 
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which firms would never invest in general skills. We also found that 
more frictional and regulated labor markets may encourage more 
firm-sponsored training. 

We view the presence of many firm-sponsored general training 
programs, such as the German apprenticeship system, and the fact 
that U.S. employers send their workers to vocational and technical 
training facilities without reducing their wages as evidence that the 
forces we emphasize are present. Also, the fact that firms appear to 
contribute more toward general skills training in Europe andJapan, 
which have more regulated and frictional markets and more dis- 
torted wage structures, is in line with our approach. Future empirical 
work should test the more micro-level implications that follow from 
our analysis and contrast them with those of the standard theory. 

This paper also has implications for the interpretation of empiri- 
cal results on the returns to training (e.g., Lynch 1992). Wage re- 
turns to training reflect the total increase in productivity only if labor 
markets are competitive. Our work predicts that, whenever employ- 
ers pay for training, true returns will exceed wage returns, which are 
often estimated to be quite large already. 

We have discussed a number of reasons why wages may be com- 
pressed, but our list is by no means exhaustive. Lazear (1989) argues 
that pay compression may arise so as to encourage workers to coop- 
erate, or at least to discourage sabotaging their coworkers. Optimal 
pay compression may also arise when workers can direct their effort 
between different tasks; the output of only some tasks is easily mea- 
sured whereas others have an effect on firm profits that is harder 
to detect. In this case, it may be optimal not to reward observed 
performance differences, which again compresses the structure of 
wages (e.g., Holmstrom and Milgrom 1991; Baker 1992). Any of 
these and other reasons for wage compression may also encourage 
firms to invest in training. In future work, the link between these 
stories and training can be more carefully derived, yielding empiri- 
cal predictions to determine which sources of wage compression, if 
any, are important in encouraging firm-sponsored training. 

Finally, an important development in the theory of contracts in 
recent years has been the literature on incomplete contracts and 
property rights (e.g., Grossman and Hart 1986; Hart and Moore 
1990). As in the earlier papers by Hashimoto (1979, 1981), Hashi- 
moto and Yu (1980), and Grout (1984), this literature focuses on 
relationship- or asset-specific investments and analyzes how property 
rights and other features of organizations can be designed to max- 
imize efficiency. By its nature, this literature has been partial equilib- 
rium. Our analysis was a first attempt at investigating how market 
structure can turn general skills into effectively relationship-specific 
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skills, but we have ignored how organizational forms or property 
rights withinfirms matter for these investments. Combining these two 
types of analyses may yield new insights into thinking about organiza- 
tions and markets. For example, how do organizational choices vary 
with the extent of market frictions? Is it beneficial to make skills 
more specific? Do different forms of organizations lead to different 
paths of training, productivity, and wage growth? 

Appendix 

Dynamic Version of the Search Model 

Consider a continuous-time infinite horizon version of the model of Sec- 
tion IIIA. Namely, each worker is matched with a firm, and the firm decides 
whether and how much to invest in the general skills of the worker. The 
worker has no funds and cannot commit to a lower wage in the future in 
return for training now. The productivity of a worker who receives training 
t is f(t) in every period. For simplicity, training is possible only in period 
t = 0. Both firms and workers are risk-neutral and discount the future at 
the rate r. All worker-firm matches come to an end at the exogenous rate 
q. Also a worker, once unemployed, finds a new firm at the rate pw, which 
is independent of his training level, and a firm after losing its worker finds 
a new worker at the rate pf. We set the unemployment benefit to b = 0 to 
simplify the expressions. The worker that the firm finds will be a random 
draw from the pool of unemployed workers, irrespective of the value of 
training. So workers with different levels of training have the same probabil- 
ity of getting a job. 

Suppose that all workers have training a, and consider a worker with train- 
ing t. Then the value of being employed for this worker as a function of 
his training level t, JE(t), is 

rjE(t) = w(t) + q[JU(t) JE(t) ], 

where JU(t) is the present discounted value of being unemployed for a 
worker of training t. This equation is a standard dynamic programming 
equation (see, e.g., Pissarides 1990). The worker gets w(t) every instant he 
is with the firm and loses his job at the flow probability q, in which case he 
gets Ju and loses JE. In turn we have 

rJU(t) = p [JE(t) - JU(t)] 

And for the firm, the value of employing a worker with training T is 

rJF(,) = f(t) - w(,) + q[JV _ JF(t)] 

and the value of having an unfilled vacancy is 

rJV= pf[JF(Q) -JV]. 

Nash bargaining in this context implies that the present discounted values 
should be shared. Therefore, w(t) will be chosen so as to maximize 
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[JE(t) _jU(t))]%[JF(t) _jV]]-P 

This gives a standard wage rule: 

w(t) = fif(t) + (1 - D) rJU(T) - PrJV 

or, with substitution for rJU(t), 

w('T,) = (p + r+q) [ff(t) -frJV] 

r + q + Apt 

Now in period t = 0, since the worker is credit constrained and cannot 
invest in training, the firm will maximize 

JF(t) - c(T) (Al) 

by choosing training t and taking the training level of all other workers, I, 
as given. The term T influences only JV, which is in turn independent of 
the value of t. So the level of T does not influence the choice of t. For this 
reason, the first-order condition of (Al) takes the simple form 

(1 - r)f'(T) (r + q + Apt) c'(i). 

Since c'(O) = 0, for all ,3 < 1 and r + q + p1w < 00, the firm will choose 
i > 0. Since all other firms are solving a similar problem, we also have 
I = i and a unique symmetric equilibrium. 

The reason why P < 1 is necessary for firm-sponsored training is familiar 
from the text. However, the second condition is interesting. First, it requires 
that r < 00; thus the future needs to feature in the calculations. A value of 
q < oo is also required, which means that the worker should not be leaving 
the firm for sure. Finally, pw < oo is necessary. In fact, pw -> -0 is the case 
of perfectly competitive labor markets: the worker finds an employer imme- 
diately. Therefore, this last requirement reiterates that labor market imper- 
fections are necessary for firms to invest in the general skills of their 
workers. Moreover, it is clear that as Pw increases, there is less investment 
in training. Since steady-state unemployment in this economy is equal to 
u = q/ (q + pw), this implies that higher unemployment is associated with 
more investment in training. The reason is that a higher rate of unemploy- 
ment leads to a more distorted wage structure by reducing the outside op- 
tion of more skilled workers. 
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