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Abstract

We study a worker’s incentives to acquire skills that cannot be verified by a
third party. We do this within the context of recent innovative work practices,
where jobs have become more flexible. Because flexible jobs are difficult to verify
by a court, standard approaches in the literature, where firms use contracts on
jobs to commit to reward workers for skills, may not be feasible. We suggest an
alternative approach to induce skills: firms promote workers to challenging jobs
(where the returns to skills are high) only when they acquire both firm specific
skills and general skills. This promotion scheme reveals information about the
general skill to competing firms which in turn allows the firm to commit to
reward firm specific skills. So, general training in our framework plays the
same role as contracts on jobs in other papers in the literature; it helps a firm
to commit to reward firm specific skills. Consistent with empirical evidence on
innovative work practices, we find that firms are more likely to train workers in
general skills when jobs are difficult to contract on (i.e. when jobs are flexible
and job classifications are broad).

1 Introduction

The past few decades have seen significant changes in the organization of work in
firms.1 While the details of these changes differ across firms and industries there
are some common features. First, there is a greater emphasis on continuous skill
development and training at all levels of an organization. Some of these skills are
firm specific such as interpersonal skills with team members and customers. Other
∗We would like to thank Jed DeVaro, Denise Doiron, Richard Holden, Clare Leaver, James

Malcomson, Kieron Meagher, Hodaka Morita, Bill Schworm, Margaret Stevens, Joel Watson and
participants at the Economic Theory Workshop, UNSW, Australian National University, California
State University, East Bay, University of New South Wales, and University of Oxford.
†School of Economics, University of New South Wales. s.prasad@unsw.edu.au
1Examples of surveys where these trends are documented are Osterman (1994), Osterman (2000),

and Lawler, Mohrman, and Ledford (1995). Also see Cappelli and Neumark (2001), Black and
Lynch (2004) for evidence on the adoption of innovative work practices. O’Toole and Lawler
(2006) provide a detailed description of recent work practices and Lindbeck and Snower (2000) and
Ichniowski and Shaw (2003) survey some of the empirical literature in this area.
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skills are general such as solving problems in the production process and making
decisions. Second, jobs have become more flexible in response to changes in tech-
nology, markets and customers needs. Firms rely less on stable job descriptions
and more on flexible work-assignment descriptions. And these dynamic descriptions
change as assignments are completed. Third, workers are offered challenging jobs
that utilize their skills as they progress through their careers. The objective of our
paper is to understand how firms design incentives for workers to acquire skills in
light of these recent trends in the workplace.

The literature on incentives for skills suggests a few approaches. The first ap-
proach is to write a contract that rewards workers for skills. The problem with this
approach is that skills such as developing a relationship with a customer or making
improvements to the production process are often difficult to verify by a third party
and thus difficult to contract on. A second approach is for firms to write an indirect
contract on a variable related to skills, say jobs (Kahn and Huberman (1988) and
Prendergast (1993)). This helps a firm to commit ex-ante to rewarding workers in
some jobs, which it can use ex-post by assigning workers to jobs based on skills.
But when jobs change over time in response to changes in technology, markets and
customers needs, writing these contracts may not be feasible. In particular, it may
be difficult to describe a job ex-ante and for courts to verify these descriptions ex-
post. Firms can also commit to a tournament where a fixed fraction of workers
from a pool are promoted and rewarded (Carmichael (1983), Malcomson (1984)).
But tournaments can ruin cooperation between members of a team. Finally, firms
can rely on their reputations to commit to reward workers (MacLeod and Malcom-
son (1988), Baker, Gibbons, and Murphy (1994), Levin (2003)). This approach,
however, requires firms to be sufficiently patient and requires workers to coordinate
their punishments.

We make two contributions in this paper. First, we suggest an alternative mech-
anism to induce skills, where workers are promoted to challenging jobs (where the
returns to skills are high) only when they acquire both firm specific skills (such as
interpersonal skills with team members and customers) and general skills (such as
problem solving skills and decision making). Unlike the existing approaches above,
our mechanism does not rely on ex-ante contracts on skills or on jobs, and can be
used in firms where jobs are flexible. What our mechanism does need, instead, is that
competing firms in the same industry (which have access to the same technology
and are familiar with product markets) can verify job assignments (as in Wald-
man (1984)). Second, building on our mechanism, we suggest a new rationale for
why firms pay for general training; general skills can be used to commit to reward
workers for firm specific skills. Consistent with empirical evidence on innovative
work practices, our theory suggests that firms are more likely to provide training
when jobs are flexible and when job classifications are broad. These implications for
training which rely on the inability to contract on jobs are distinct from standard
explanations in the literature which are based on other labor market imperfections.
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To understand how our mechanism works, it is useful to start with a paper by
Prendergast (1993). He considers the role of promotions in inducing firm specific
skills. His framework has two main features. First, though firms cannot write a
contract on skills, they can write a contract on jobs, before skills have been acquired.
Second, jobs vary in their returns to skills and a promotion is an assignment to a
job where the returns to skills are higher. Firms can then split the promise to
reward a worker for skills into two parts. The first promise is to promote the worker
for skills (promotion promise) and the second promise is to pay a higher wage for
a promotion that covers the cost of skills (wage promise). Because contracts are
written on jobs, firms can always set the reward for a promotion high enough and
keep their wage promise. And by setting the reward for a promotion low enough,
relative to the output gain from promoting a skilled worker, a firm can keep its
promotion promise. So, contracts written on jobs help a firm to commit to reward
firm specific skills.

Our mechanism builds on the framework by Prendergast (1993). Like in Pren-
dergast (1993), a promise to reward workers for skills is split into two parts in our
framework: a promise to promote the worker for skills and a promise to pay a higher
wage for a promotion that covers the cost of skills. But, in contrast to Prendergast
(1993), we assume that it is not feasible, for firms to write contracts ex-ante on
jobs. Thus the firm cannot directly set rewards for a promotion. Instead, rewards
for a promotion are determined by the information about skills that a promotion
scheme conveys to competing firms in a labor market. Promoting the worker based
on a general skill (such as problem solving and decision making) that is sufficiently
valuable ensures that the reward for a promotion covers the cost of skills. So the
firm can keep its wage promise. Promoting the worker based on a firm specific skill
(such as learning to work with team members and customers) that is sufficiently
valuable, on the other hand, helps the firm keep its promotion promise. This is
because the firm specific skill, as in Waldman (1984), increases the output gains
from promotion without getting reflected in wage offers by the market. To keep
both promises, a worker is promoted only when he successfully acquires both skills.
Thus general skills that cannot be verified by a third party play exactly the same
role as contracts on jobs in the Prendergast framework: they help a firm to commit
to reward firm specific skills.

We fix this commitment role of general skills in inducing firm specific skills and
derive some additional results. First, promotions to challenging jobs depend on
both the firm specific and the general skill. Second, this promotion scheme induces
workers to invest in both firm specific and general skills, even when the skills are
not complements in the production function. This result stands in contrast to other
papers which emphasize the role of complementarities in multiskilling (Lindbeck
and Snower (2000), Gibbs and Levenson (2002)).2 Third, this promotion scheme

2Starting with Adam Smith (Smith (1937)) there is a large literature which emphasizes the
benefits of specialization (Roy (1950) and Rosen (1978)). Other explanations for multiskilling are
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sometimes leads to over-investment in the firm specific skill.
The fact that general skills can be used to commit to reward firm specific skills

also suggests a new explanation for why firms provide general training to workers.
To make this point, we modify our model and allow firms to incur a fixed cost and
offer a (publicly observable) training program to workers upfront. This program in
turn allows workers to make investments in the general skill, which only the current
employer observes. A promotion that is contingent on both types of skills selec-
tively reveals information about the general skill to a labor market only when the
worker acquires the firm specific skill. This helps a firm commit to a reward, which
along with a worker’s access to skills induces a worker to invest in firm specific
skills. Because general training plays the same role as ex-ante contracts on jobs in
rewarding firm specific skills, firms are more likely to provide training when jobs are
difficult to contract on. This result is consistent with evidence on innovative work
practices (Ichniowski, Shaw, and Prennushi (1997), Ichniowski and Shaw (2003))
where firms are more likely to train workers when jobs are flexible and job classi-
fications are broad. This implication for training, which relies on the inability to
contract on jobs, is distinct from other explanations that rely on other labor market
imperfections (Acemoglu and Pischke (1999) for example).

Two key features of our model, promotions and asymmetric information between
current employers and the labor market also play a role in Waldman (1984).3 In
his framework, firms face the following tradeoff when deciding on a promotion.
Promotions increase output but they also signal ability to a labor market which
increases wages. As a result, there is always some under-promotion relative to
the efficient level. Waldman (1984) also shows that firm specific skills, which are
exogenous in his framework, increase output from a promotion without altering
wages, and thus make promotions more likely.

A few papers that build on Waldman’s work also consider investment in skills.
Scoones and Bernhardt (1998) focus on skills that are verifiable by a labor market
whereas our focus is on non-verifiable skills.4 Zabojnik and Bernhardt (2001) study
how firm characteristics such as size and profitability influence investments in skills
and wages. But they do not study investments in firm specific skills which is an
important part of our paper. Ghosh and Waldman (2010) study a worker’s incentive
to exert effort (as opposed to investing in skills) under standard promotion schemes
and up or out schemes. Finally, DeVaro, Ghosh, and Zoghi (2008) study promotion

based on the extent of the market (Smith (1937)) and coordination costs (Becker and Murphy
(1992)).

3A number of other papers assume asymmetric information about a workers productivity. Ex-
amples are Waldman (1990), Gibbons and Katz (1991), Milgrom and Oster (1987), Bernhardt
(1995), Owan (2004) and Chang and Wang (1995). Also see DeVaro and Waldman (2011) for em-
pirical evidence on the signalling role of promotions and Schonberg (2007) for empirical evidence
on asymmetric employer learning.

4Promotions do not convey information about skills in their framework though they do convey
information about exogenous ability. So promotions as in Waldman (1984) only depend on the firm
specific skill. Firms, also do not have an incentive to pay for general training.
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patterns within the context of labor market discrimination where general and firm
specific skills are acquired in fixed proportions.

Our paper is also related to work on multitasking and multiskilling (Holmstrom
and Milgrom (1991), Baker (1992)). This literature suggests that the provision of
incentives in multitask settings is difficult because incentives have to be balanced
across tasks which differ in the preciseness of their performance measures. Our
model, in contrast, suggests that jobs with different types of skills help in the pro-
vision of incentives. In this sense, our paper is related to Carmichael and MacLeod
(1993) where multiskilling allows firms to commit to retain workers after workers
suggest a labor saving innovation. Finally, our result where workers are rewarded
if and only if they are successful at both skills has a similar flavor to results in
MacDonald and Marx (2001).

2 Model

We build on a model by Prendergast (1993), with a firm where the worker is currently
working and an outside labor market with at least two competing firms. All of the
agents are risk neutral. In the analysis that follows, we often refer to the current
employer as the firm and competing firms as the labor market. The model has
three parts. The first part deals with the skill acquisition process. The second part
relates skills with output. The final part specifies the timing of the game and the
information that the players have.

Consider the acquisition of skills first. There are two skills that the worker can
acquire, a firm specific skill and a general skill, with each skill having two outcomes.
The outcome for the firm specific skill is denoted by i with i ∈ {0, f} where 0 denotes
failure and f denotes success at the firm specific skill. Similarly, the outcome for
the general skill is denoted by j with j ∈ {0, g} where 0 denotes failure and g
denotes success for the general skill. Thus, there are four possible outcomes, failure
at both skills (0, 0), success only at the firm specific skill (f, 0), success only at the
general skill (0, g) and success at both skills (f, g). The worker can exert effort
that is privately observable to influence the probability of success on each skill.5 To
simplify notation, we assume that the worker chooses these probabilities directly.
The probability of acquiring the firm specific skill is pf ∈ [p

−
,
−
p] and the probability

of acquiring the general skill is pg ∈ [p
−
,
−
p] and these probabilities are independent of

one another. To ensure that beliefs of the labor market can be determined by Baye’s
rule, we assume that p

−
> 0 and

−
p < 1. In the analysis that follows we refer to pf as

the level of investment in the firm specific skill and pg as the level of investment in

5This implies that acquiring skills is a risky activity. We think it is reasonable within the context
of our examples in the introduction such as developing relationships with clients and acquiring
technical skills.
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the general skill. We assume that the worker has a cost function given by C(pf , pg)
defined over the domain [0, 1] × [0, 1] that is strictly positive, strictly increasing,
convex and differentiable in the interior of the domain. We also assume that there
exists a lower bound b > 0 such that for all pf and pg in the interior of the domain,

min{
∂C(pf , pg)

∂pf
,
∂C(pf , pg)

∂pg
} ≥ b. The following definition is also useful in stating

the main results of the paper.

Definition 1. A worker specializes in a skill if max{pf , pg} > p
−

and min{pf , pg} =
p
−

.

We say that a worker multiskills if max{pf , pg} > p
−

and he does not specialize

in a skill.
Next, consider how skills are related to output. The relationship between skills

and output depends on the job assignment. There are two jobs, an easy or a low
skilled job, job L, where the returns to skills are low and a challenging or a high
skilled job, job H, where the returns to skills are high. Output for the four possible
outcomes is as follows. When the outcome is (0, 0), output is 0 for both the firm
and the labor market. When the worker is only successful at the firm specific skill,
output for the firm is λyL for job L and λyH for job H with 0 < yL < yH and where
λ ∈ (0, 1) measures the relative value of firm specific skills to general skills, whereas
the labor market gets an output of 0.6 When the worker is only successful at the
general skill, output for both the firm and the labor market is (1 − λ)yL for job L
and (1−λ)yH for job H. Finally for the outcome (f, g), output for the firm is given
by yL + ∆ for job L and yH + ∆ for job H with ∆ ≥ 0, whereas output for the
labor market is given by (1−λ)yJ where J ∈ {L,H}. The notation ∆ measures the
extent to which investments in both the skills are complementary. In other words,
when we fix a job, ∆ is the cross partial of expected output with respect to pf and
pg.7 The table below summarizes the relationship between skills and output for the
firm.

Outcomes (0,0) (f,0) (0,g) (f,g)
Output from Job L 0 λyL (1− λ)yL yL + ∆
Output from Job H 0 λyH (1− λ)yH yH + ∆

Finally, the timing in the model is as follows. The worker chooses the probabili-
ties of success for both skills which induces a probability distribution over outcomes.

6Restricting λ to lie in the open rather than the closed interval simplifies the analysis. All of
our results go through if we consider the end points of the interval.

7We could allow for some of the gains in complementarities to be captured by a competing firm
in the labor market. If we did make this assumption, then complementarities in investments would
make it easier for a firm to keep its wage promise in equilibrium.
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The outcomes for both of these skills are then realized. The firm observes these out-
comes and decides on the job assignment of the worker. Competing firms in the
labor market then observe the job assignment, update their beliefs and offer a wage
that is contingent on the job assignment. We focus on symmetric wage offers by
competing firms. The firm then decides whether to match the labor market’s offer
for a job. If the firm matches an offer made by the labor market, we assume that
the worker stays with the firm. We also assume, that the firm incurs a cost F > 0 if
it loses the worker.8 This assumption ensures that it is optimal for firms to match
offers even when the offers equal the value of output at a given outcome.

In this setting a strategy for a worker is given by the vector (pf , pg). The firm’s
strategy is denoted by (σ(x),m) where x = (x0,0, xf,0, x0,g, xf,g) with xi,j ∈ {L,H},
where σ is a probability distribution over x, and where m is a function which specifies
whether the firm matches offers for a given outcome, job assignment and wage offer
for the job. The labor market observes job assignments and for each job assigns
beliefs to each of the four outcomes. The beliefs associated with each of the outcomes
for job L are given by the vector of probabilities µL = (µL

0,0, µ
L
f,0, µ

L
0,g, µ

L
f,g) and the

beliefs associated with each outcome for jobH are given by the vector of probabilities
µH = (µH

0,0, µ
H
f,0, µ

H
0,g, µ

H
f,g). Wages offered by the labor market are denoted by wL

when job L is observed and wH when job H is observed.

3 Efficiency

We start our analysis by characterizing efficient levels of investment for both skills.
This characterization serves as a benchmark. Let (peff

f , peff
g ) denote the efficient

level of investment. Then (peff
f , peff

g ) is the optimal solution to the following prob-
lem.

Max
pf∈[p

−
,
−
p ],pg∈[p

−
,
−
p ]

pf (1− pg)λyH + (1− pf )pg(1− λ)yH + pfpg(yH + ∆)− C(pf , pg)

To make the comparison easier with the section on equilibrium skill acquisition,
we restrict our attention in this section to a linear cost function, C(pf , pg) = cfpf +
cgpg where cf and cg are strictly positive constants. We also make the following
assumption to ensure that the efficient solution always sets at least one of the skill
levels above the minimum level.

Assumption 1. yH > cf + cg

The following proposition characterizes the efficient skill acquisition levels. The
proofs of all of the propositions and lemmas are in the Appendix.

8There are various ways to interpret the cost F . It could be a firing cost, the cost of hiring a
new worker, or firm specific capital that is lost.
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Proposition 1. Let C(pf , pg) = cfpf + cgpg where cf and cg are strictly positive
constants. Then the efficient levels of skill acquisition are given by

peff
f =



p
−

if ∆ ≤
cf
−
p

and λ ∈ (0,
cf −

−
p∆

yH
)

[p
−
,
−
p] if ∆ ≤

cf
−
p

and λ =
cf −

−
p∆

yH

−
p if ∆ ≤

cf
−
p

and λ ∈ (
cf −

−
p∆

yH
, 1)

−
p if ∆ >

cf
−
p

and

peff
g =



−
p if ∆ >

cg
−
p

−
p if ∆ ≤

cg
−
p

and λ ∈ (0, 1−
cg −

−
p∆

yH
)

[p
−
,
−
p] if ∆ ≤

cg
−
p

and λ = 1−
cg −

−
p∆

yH

p
−

if ∆ ≤
cg
−
p

and λ ∈ (1−
cg −

−
p∆

yH
, 1)

Proposition 1 highlights two factors that determine efficient investment levels:
complementarities between skills and the relative importance of both skills. When
complementarities are high, investment levels are at their maximum for both skills.
When complementarities are low, the relative value of each skill plays an important
role. If both skills are important (for intermediate values of λ), efficiency requires
a worker to choose the highest investment level for both skills. If one skill is more
important relative to another (λ close to 0 or 1), efficiency requires an extreme form
of specialization, the highest investment level for the more valuable skill and the
lowest investment level for the less valuable skill. Notice that these corner solutions
arise because of the linear specification for the cost function. Figure 1 depicts the
efficient level of investment with λ on the horizontal axis and peff

f and peff
g on the

vertical axis when complementarities are not too high.

4 Equilibrium

The objective in this section is to compare equilibrium investment levels for skills
with the efficient counterparts above. The equilibrium concept we use is a Perfect
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Figure 1: Efficient Investment Levels.

Bayesian Equilibrium and focus on equilibria where investments for at least one skill
are strictly above the minimum level.9 To start solving the equilibrium, let us start
at the last stage where the firm decides whether it wants to match offers or not.
Because the firm is better informed than competing firms about skill outcomes and
because of the presence of firm specific skills, a competing firm in the labor market
can only successfully raid workers with a wage that exceeds the worker’s value to
it. Thus the best that an outside firm can do is to earn an expected profit of zero
and there are several wage offers by competing firms which satisfy this condition,
each providing different incentives for the worker to acquire skills. To pin down
wage offers, we follow Ghosh and Waldman (2010) and allow for the possibility of
a firm trembling and not matching offers when it should. In particular, given a job
assignment and given an offer by an outside firm we assume that the firm trembles
at the outcome where it has the lowest output.10 A firm in the labor market then
makes an offer that equals the output that it gets from job H for that particular
outcome.11 As an example, suppose the firm’s promotion strategy is (L,L,H,H).

9However, when computing the equilibrium we do check for deviations where a worker chooses
the minimum investment level for both skills.

10This is similar to the notion of a proper equilibrium (Myerson (1978)). An alternative way to
pin down offers is to assume that firm’s cost of losing the worker is sufficiently large. This way,
when a competing firm bids its expected value conditional on the job it observes, the offer is always
matched. The results using this alternative approach are qualitatively similar when we consider
pure strategies only. For the case of mixed strategies, it is possible that the worker specializes in
the general skill.

11If two outcomes yield equal output for the firm and are both consistent with a job assignment

(when λ =
1

2
), the labor market picks the outcome where its own output is lower and offers the

value of its output as the wage.
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Then wL is the labor market’s output in job H associated with the outcome (0, 0)
which is 0, and wH is the labor market’s output in job H corresponding to the
outcome (0, g) which is (1 − λ)yH . The following lemma says that rewards are
always associated with promotions in a skill acquisition equilibrium.

Lemma 1. In a skill acquisition equilibrium, wH ≥ wL.

The reasoning for this Lemma is the following. To induce skills there must be
some outcome for which a worker is assigned to the lower skilled job (a pooling
strategy where a worker is always assigned to the higher skilled job cannot induce
skills). But if wL was strictly greater than wH , he firm could always promote the
worker, get at least as much output, pay a lower wage and do strictly better.

Proposition 2. In a skill acquisition equilibrium, the firm assigns a worker to H
with positive probability if and only if the outcome (f, g) is realized. Furthermore, if
p
−
yH < b, the worker never specializes in a skill.

Proposition 2 says that in a skill acquisition equilibrium, a worker is promoted if
and only if he successfully acquires both skills. As a consequence, if p

−
is sufficiently

small then both types of skills are always acquired together in a skill acquisition
equilibrium. The interesting feature of this result is that it holds even if the skills
are not complements (∆ = 0). A simple way to understand Proposition 2 is to
restrict attention to pure strategies for the firm and eliminate strategies that cannot
be part of a skill acquisition equilibrium. Pooling strategies cannot be part of a skill
acquisition equilibrium. Also, promotion strategies that are more likely to promote
a worker for outcomes with lower output gains cannot be part of an equilibrium.
This leaves us with four possible strategies to check: (L,H,L,H), (L,L,H,H),
(L,H,H,H) and (L,L,L,H). Consider (L,H,L,H) which induces specialization in
the firm specific skill. This strategy cannot be part of a skill acquisition equilibrium
because the reward for a promotion equals 0 and the firm cannot keep its wage
promise. Next, consider (L,L,H,H) which induces specialization in the general skill.
This strategy cannot be part of a skill acquisition equilibrium because the reward
for a promotion, (1−λ)yH , is too high relative to the output gain (1−λ)(yH − yL),
and the firm cannot keep its promotion promise at (0, g). Similarly (L,H,H,H)
can be ruled out using the arguments above. Thus the only possible pure strategy
equilibrium with skills is (L,L,L,H). When p

−
yH < b, the worker does not specialize

in either skill because the marginal benefit from specializing in a skill, which is
bounded above by p

−
yH , is always less than the marginal cost.

Since the worker must invest in both skills in a skill acquisition equilibrium, there
is a possibility for over investment of skills relative to the efficient level. To make this
inefficiency as stark as possible, we restrict our attention to a cost function which
is linear in the worker’s investment. Linear costs, guarantee us corner solutions in
equilibrium where skills are acquired at either the maximum or minimum possible
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level. Also define
−
c = max{

cf + cg

p
−

+
−
p
,
cf
−
p
,
cg
−
p
}. The following proposition characterizes

investments in both skills in equilibrium when costs are linear.

Proposition 3. Let C(pf , pg) = cfpf + cgpg where cf and cg are strictly positive
constants. Then there exists a skill acquisition equilibrium in pure strategies with
investment levels (

−
p,
−
p) and a promotion scheme (L,L,L,H) if and only if the fol-

lowing conditions hold

−
c ≤ yH − yL (1)

λ ∈ [1−
(yH − yL)

yH
,min{1−

−
c

yH
,

yH

(yH − yL) + yH
}]. (2)

Furthermore, when p
−
yH < b, this skill acquisition equilibrium is unique in pure

strategies.

The best way to understand Proposition 3 is to compare it with Prendergast
(1993). Recall that in his paper there has to be a gap between the output gains
from promotion and the cost of acquiring skills, which is exactly what the inequality
in (1) states. The firm then, as in Prendergast’s framework, can set the reward for
a promotion somewhere in between these two values to keep its promotion promise
and to induce skills. The key difference in our framework is that without a court the
firm loses its flexibility in setting the reward for a promotion. Instead, as condition
(2) shows, the reward is determined by information about skills that a promotion
conveys to the labor market. If only the firm specific skill is valuable, the reward
offered by the labor market is too small relative to the cost of acquiring both skills
and if only the general skill is valuable, the firm will not have an incentive to keep its
promotion promise. The main point to take away from Proposition 3 is that general
skills, that cannot be verified by a third party, play a similar role to contracts on
jobs in Prendergast’s framework. That is they help a firm to commit to reward firm
specific skills.

We can also compare equilibrium promotions and skill levels with their efficient
counterparts in Section 3. As in Waldman (1984), there is some under-promotion.
But the pattern is different. Workers are under promoted in our setting when they
do not acquire both skills together, whereas in Waldman (1984) (and in Scoones
and Bernhardt (1998)) the under-promotion depends only on the firm specific skills.
Next, consider investment levels. Because the worker bears all the costs of skill
acquisition and the firm gets all of the benefits we would typically expect under-
investment in skills relative to the efficient level in equilibrium. For λ sufficiently
close to 0 or 1, this is exactly the case. What is unusual about Proposition 3 is
that there can be an over-investment in skills. This can be seen by comparing the
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Figure 2: Equilibrium Investment Levels.

smallest λ for which a skill acquisition equilibrium exists in Figure 2 with the cutoff
λ for specialization in the general skill in Figure 1. In fact when cf > yL +

−
p∆ there

is over-investment in the firm specific skill.

5 Training

A key point in Proposition 3, is that general skills that are not verifiable by a third
party (courts or labor markets) play exactly the same role as ex-ante contracts on
jobs in Prendergast (1993): they help a firm to commit to reward specific skills.
Firms can thus benefit from providing general training to workers in contrast to
arguments made in Becker (1964).12 To make this point, we modify our model and
allow the firm to incur a fixed cost CT > 0 and provide a general training program
(that is publicly observable) before workers invest in skills. If workers are trained,
then they can make investments in both the firm specific and general skills from the

12Becker argues that in a competitive labor market, wages get bid up to equal all of the gains in
productivity from training. Thus ex-post, the firm gets none of the returns from training. The firm
anticipates this ex-ante and does not incur the training cost. Becker also notes that because workers
get all of the benefits from training ex-post through higher wage offers, they have an incentive ex-
ante to pay for training. Taken together, his observations imply that if there is training in general
skills, the worker should pay for it.
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interval [p
−
,
−
p]. If not, they can make investments in the interval above only for the

firm specific skill whereas they are forced to choose p
−

for the general skill.13 So the

general training program gives a worker access to make investments in the general
skill.14

In our analysis in this section, we restrict our attention to pure strategies and
linear costs. We also assume that p

−
yH < b and that conditions (1) and (2) in

Proposition 3 hold. Thus we assume that a skill acquisition equilibrium exists in
pure strategies and that it is unique. Also define the lower and upper bounds of λ

in condition (2) as λ
−

= 1−
(yH − yL)

yH
and

−
λ = min{1−

−
c

yH
,

yH

(yH − yL) + yH
}.

Now suppose the firm does not provide training. Then from Proposition 2, a skill
acquisition equilibrium does not exist. The best possible equilibrium for the firm is
then a pooling equilibrium where the worker is assigned to job H for every outcome.
In this case, the worker’s investment levels are (p

−
, p
−

) and the firm’s expected profit

is given by

p
−

(1− p
−

)yH + p
−

2(yH + ∆)

On the other hand, when the firm provides general training, there is a unique
equilibrium in pure strategies given by the promotion scheme (L,L,L,H) and in-
vestment levels (

−
p,
−
p). In this case, the firm’s expected profit is given by

−
p(1− −p)yL +

−
p

2
(λyH + ∆)

Comparing the expressions above, we notice two things. First, providing general
training helps a firm to commit to reward skills, which in turn induces a worker to
invest in firm specific skills. General training thus plays the same role as contracts
on jobs in Prendergast (1993) and helps to induce firm specific skills. Second, notice
that promotions selectively reveal information about the general skill only when a
worker acquires firm specific skills. Thus, firms earn a return from general training.
In fact, when p

−
goes to 0 and

−
p goes to 1 in the limit, a firm’s return from training

(net of the training cost) is λyH + ∆.
Because general training and contracts on jobs are substitutes from the point

of view of inducing firm specific skills, the returns from training should be higher
when contracts cannot be written on jobs. To examine this point, we consider an

13We focus just on general training and not firm specific training because our primary interest is
to point out that firms do benefit from training workers in general skills.

14It is worth noting that there are other ways to model access to the general skill. For example,
training could reduce the cost of the general skill for the worker. This approach yields qualitatively
similar results.
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alternative case where firms can contract on jobs. In terms of the model, the only
change is that the firm can credibly commit to a wage (through a contract) for a
given job before the worker acquires skills. Competing firms, after observing the
job assignment, can make an offer to the worker. And finally the current employer
can decide to match this offer if it is strictly above the contractual wage. Given a
contractual wage, we solve for an equilibrium in this alternative case.

As in the analysis without contracts, the best a competing firm can do is to
make an expected profit of zero and there are multiple wage offers that satisfy this
condition.15 We pin down wage offers in the same way as in our analysis without
contracts. Given a job and a promotion strategy, consider the outcome where the
current employer has the smallest output. The offer by a competing firm then equals
its own value of skills at that particular outcome. If this offer is less than or equal
to the contracted wage, the competing firm is never successful at raiding the worker
and makes an expected profit of zero. If this offer is strictly above the contracted
wage, once again the competing firm makes an expected profit of zero, given that
the current employer can tremble at the outcome where it has the lowest output.
Also, because of the presence of firm specific skills, it must be the case in equilibrium
that wages for a job are at least as large as the wage offers from competing firms.16

The following Proposition compares returns across the case where firms cannot
contract on jobs and the case where they can.

Proposition 4. Let p
−

be sufficiently close to 0 and let
−
p be sufficiently close to

1. Also let λ ∈ (max{λ
−
,
1
2
},
−
λ] and max{

yL

2
+ cf ,

−
c} <

yH

2
. Then the returns from

training are strictly larger when firms cannot contract on jobs.

Proposition 4 says that when firm specific skills are sufficiently valuable, then
the return from training a worker is higher when jobs cannot be contracted on. The
intuition for this proposition is the following. Contracts on jobs and general training
are substitutes from the point of view of inducing firm specific skills. When contracts
cannot be written on jobs, the only way to extract surplus from firm specific skills

is by providing general training. The assumptions that λ >
1
2

and
yL

2
+ cf <

yH

2
ensure that the promotion strategy (L,H,L,H) along with investment levels (

−
p, p
−

)

is an equilibrium when jobs can be contracted on and workers are not trained. The

assumption that
yH

2
>
−
c ensures that

−
λ >

1
2

so that the interval λ ∈ (max{λ
−
,
1
2
},
−
λ]

is non-empty.
15For a job assignment, fix the outcome where the current employer has the lowest output. Then

any offer which is less than or equal to the maximum of the contracted wage and the current
employer’s output at the given outcome is optimal.

16They can be strictly larger as well because firms can contractually commit to a wage for a job.
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Propositions 3 and 4, taken together, yield two testable implications. First,
workers who are trained in general skills will invest in firm specific skills even when
jobs cannot be contracted on. Second, firms should be more likely to provide general
training in settings where jobs are difficult to contract on. Both of these implica-
tions are consistent with a recent empirical literature on innovative work practices.
Ichniowski, Shaw, and Prennushi (1997) and Gant, Ichniowski, and Shaw (2002)
study systems of innovative work practices in steel finishing lines. Three of these
innovative practices are important from the point of view of our analysis.17 First,
workers interact with one another in teams to solve production problems. Problem
solving requires a worker to have general knowledge about the production process.
But at the same time, this worker must also be familiar with what other workers in
the establishment know. For this, workers must build connections and learn how to
communicate with other co-workers. These valuable interpersonal skills are mainly
firm specific. A second practice is that firms train workers in general areas like me-
chanical operations, the chemistry of steel, statistical process control, documenting
production problems and running problem solving meetings. Third, firms use flex-
ible jobs. That is workers are rotated across jobs and job classifications are broad.
We assume that jobs are more difficult to verify by a court when they are flexible
and are thus more difficult to contract on. Consistent with Proposition 3, Gant,
Ichniowski, and Shaw (2002) find that in “involvement oriented firms” (with all
three of the above practices) production workers communicate with a broad range
of people including members of their crew, other production crews, staff and man-
agers about a variety of issues.18 And consistent with Proposition 4, Ichniowski,
Shaw, and Prennushi (1997) find a positive and significant correlation between job
rotation and training, and between broad job classifications and training.

There are other explanations in the literature for why firms pay for general
training. But none of these papers consider two key elements of our analysis: the
inability to contract on jobs and investments in firm specific skills. Acemoglu and
Pischke (1998), Chang and Wang (1996) and Katz and Ziderman (1990) focus on
informational asymmetries between the training firm and other firms in the labor
market. With asymmetric information, labor markets do not bid wages up enough,
giving firms some returns from general training. Malcomson, Maw, and McCormick
(2003) show how apprentice contracts, where retained workers are paid a higher
wage after an apprenticeship can increase the profit of the training firm. Acemoglu
and Pischke (1999) show how the presence of an exogenous and complementary firm
specific skill also gives incentives for a firm to pay for general training.19 Firm
specific skills are endogenously acquired in our framework and our results do not
depend on the skills being complements. Stevens (1994) focusses on labor mar-

17Other practices include information sharing, careful hiring and selection, employment security,
and incentive pay.

18In firms without these practices, workers communicate less with other workers.
19Complementarities between firm specific and general skills also increase the returns to general

training in our framework. That is, firms are more likely to provide training when ∆ is higher.
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ket imperfections in a setting where skills are not entirely general or firm specific.
Balmaceda (2005) and Kessler and Lulfesmann (2006) consider both general and
specific investments. Their focus, however, is on the bargaining process between a
firm and worker. Finally, Carmichael and MacLeod (1993) show how cross training
a worker in multiple skills encourages labor saving innovations. Thus their theory
also predicts a positive correlation between job flexibility and training. However,
while cross training is important in steel finishing lines, it is not (as the examples
above indicate) the only type of general training. Carmichael and MacLeod (1993)
also do not consider firm specific skills.

6 Conclusion

In this paper, we study a worker’s incentives to acquire non-verifiable skills. We do
this within the context of recent work practices which make jobs difficult to verify
by courts. We show that firms can induce skills by promoting workers to more
challenging jobs only when they acquire both firm specific and general skills. This
mechanism does not rely on court enforceable contracts. Furthermore, it suggests a
new reason in the literature for why firms provide general training. General training
helps a firm to commit to reward firm specific skills. Consistent with evidence on
innovative work practices, we find that firms are more likely to provide training
when jobs are difficult to contract on (i.e when jobs are flexible).

To emphasize the role of general skills, we abstract from worker heterogeneity
in our model. We could allow for heterogeneity as in Waldman (1984) and assume
that workers differ in their abilities across an interval. Adding this feature does not
change our results qualitatively, provided we assume that the size of the interval is
not too large relative to the cost of acquiring skills. Given that high involvement or-
ganizations spend substantial resources on carefully screening workers before hiring
them, we believe that this assumption is reasonable.
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Appendix

Proof of Proposition 1: The first order necessary conditions for the optimal
solution are

(
λyH + pg∆− cf

(1− λ)yH + pf∆− cg

)
=
−
µf

(
1
0

)
+ µf
−

(
−1
0

)
+
−
µg

(
0
1

)
+ µg
−

(
0
−1

)

where
−
µf is the non negative multiplier associated with the constraint pf ≤

−
p and

µf
−

is the non negative multiplier associated with the constraint pf ≥ p
−

. Likewise,

−
µg and µg

−
are non negative multipliers associated with the inequality constraints for

pg.
In the following claim we establish that the efficient investment level is at the

maximum level for at least one of the skills.
Claim The efficient level of investment has either pf =

−
p or pg =

−
p or both.

Proof Suppose the optimal solution had pf <
−
p and pg <

−
p. Then the first order

conditions imply λyH + pg∆− cf ≤ 0 and (1− λ)yH + pf∆− cg ≤ 0. Adding both
inequalities and rearranging we get yH + (pg + pf )∆ ≤ cf + cg. But this contradicts
Assumption 1. �

Now suppose ∆ >
cf
−
p

and suppose to the contrary that pf <
−
p at the optimum.

From the claim above it follows that pg =
−
p at the optimum. Since ∆ >

cf
−
p

the first

order condition with respect to pf can be written as λyH +
−
p∆− cf =

−
µf − µf

−
> 0.

From the complementary slackness conditions we have pf =
−
p at the optimum which

is a contradiction. Similarly when ∆ >
cg
−
p

we must have pg =
−
p at the optimum.

Next suppose ∆ ≤
cf
−
p

and ∆ ≤
cg
−
p

and consider the following partition of the

interval (0, 1) into five cases.

First, let 0 < λ <
cf −

−
p∆

yH
. Rearranging the second inequality we get λyH +

−
p∆−cf < 0. Combining this inequality with the constraint pg ≤

−
p, we can write the

first order condition with respect to pf as λyH + pg∆− cf =
−
µf −µf

−
< 0. Since the

multipliers are non-negative, it follows that µf
−
> 0. The complementary slackness
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conditions imply that pf = p
−

at the optimum. It follows from the claim above that

pg =
−
p at the optimum.

Second, let λ =
cf −

−
p∆

yH
. Rearranging, we get −λyH =

−
p∆− cf . Adding yH to

both sides of the equality we get

(1− λ)yH = yH +
−
p∆− cf (3)

Using equation (3) and Assumption 1, the first order condition with respect to
pg is (1 − λ)yH + pf∆ − cg =

−
µg − µg

−
> 0. Since the multipliers are non negative

it follows that
−
µg > 0. Thus pg =

−
p at the optimum. Likewise the first order

conditions with respect to pf yield

λyH + pg∆− cf =
−
µf − µf

−
(4)

Substituting λyH = cf −
−
p∆ and pg =

−
p into (4) we get

λyH + pg∆− cf = cf −
−
p∆ +

−
p∆− cf = 0 (5)

Since the objective function is linear with respect to pf when pg is held fixed it

follows from (5) that any pf in the interval [p
−
,
−
p] is an optimal solution.

Third, let
cf −

−
p∆

yH
< λ < 1 −

cg −
−
p∆

yH
. Rearranging the first inequality we

get λyH > cf −
−
p∆. Substituting this inequality into the first order condition with

respect to pf we get λyH + pg∆− cf =
−
µf − µf

−
> 0. Since the multipliers are non-

negative, it follows that
−
µf > 0. The complementary slackness conditions imply

that pf =
−
p at the optimum. Similar reasoning can be used to show that pg =

−
p at

the optimum.

Fourth, let λ = 1−
cg −

−
p∆

yH
. Using reasoning similar to the second case we can

show that pf =
−
p at the optimum along with any pg from the interval [p

−
,
−
p].

Finally for the fifth case suppose 1−
cg −

−
p∆

yH
< λ < 1. Using reasoning similar

to the first case we can show that pf =
−
p and pg = p

−
at the optimum.�

Proof of Lemma 1: Notice that (H,H,H,H) cannot be part of a skill acquisi-
tion equilibrium because the worker’s wage does not depend on the outcome. Thus
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in a skill acquisition equilibrium, the firm must assign the worker to a low job for
at least one of the outcomes. Suppose to the contrary that wL > wH , then the firm
can deviate from L to H for that particular outcome, get at least the same level of
output and pay a lower wage, which is a contradiction. �

Proof of Proposition 2: The proof is divided into a series of claims.
Claim 1 Suppose the firm promotes a worker for some outcome (i, j) with

positive probability and suppose the output difference across jobs is strictly higher
for some other outcome (i′, j′). Then in equilibrium, the uniquely optimal action
for the firm at (i′, j′) is to promote the worker.

Proof In equilibrium, the firm at a given outcome, assigns the worker with a prob-
ability of one to job H if wH − wL is strictly less than the output difference across
jobs and is indifferent between jobs L and H if wH−wL equals the output difference
across jobs. Since the output difference in jobs at (i′, j′) strictly exceeds the output
difference at (i, j) and since the worker is assigned to H with positive probability
at (i, j), in equilibrium the firm must assign the worker to H with probability one
at (i′, j′).�

Claim 2 In a skill acquisition equilibrium, the firm never promotes a worker for
the outcome (0, 0). Furthermore, wL = 0.

Proof Suppose the firm promotes the worker with a probability of one at the
outcome (0, 0) in a skill acquisition equilibrium. Then from Claim 1, the only pos-
sible strategy in equilibrium is the pooling strategy (H,H,H,H). But in this case
the worker has no incentive to invest in skills because his wage does not vary with
the outcome, which is a contradiction. Next suppose the firm promotes the worker
with a positive probability less than one. Then it must be the case that the firm
is indifferent between the jobs L and H at the outcome (0, 0). This implies that
wH − wL = 0. Once again the worker has no incentive to acquire skills.�

Claim 3 In a skill acquisition equilibrium, the firm never promotes a worker for
the outcome (f, 0).

Proof Suppose the firm promotes the worker with positive probability at the out-
come (f, 0) in a skill acquisition equilibrium. There are then two cases to consider.

First, suppose λ ≤
1
2
. Then wH = 0 and since wL = 0 from Claim 2, the worker

has no incentive to invest in skills which is a contradiction. Next, suppose λ >
1
2
.

Then there are two possibilities. If the firm does not promote the worker at (0, g)
then wH = 0 and the worker has no incentive to invest in skills. If the firm does
promote the worker with some positive probability at (0, g) then wH = (1 − λ)yH .
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In this case the firm deviates at (0, g) and chooses L for sure once again leading to
a contradiction.�

Claim 4 In a skill acquisition equilibrium, the firm never promotes a worker for
the outcome (0, g).

Proof Suppose the firm promotes the worker with positive probability at the out-
come (0, g) in a skill acquisition equilibrium. There are then two cases to consider.

First, suppose λ >
1
2
. Then wH = (1 − λ)yH and since wL = 0 from Claim 2,

the firm always deviates at (0, g) and chooses L which is a contradiction. Next,

suppose λ ≤
1
2
. If the firm does not promote the worker at (f, 0), then once again

wH = (1− λ)yH and the firm has an incentive to deviate and choose L at (0, g). If
the firm does promote the worker at (f, 0) with positive probability then wH = 0
and the worker has no incentive to invest in skills.�

Claim 5 In a skill acquisition equilibrium, the firm must promote a worker with
positive probability for the outcome (f, g).

Proof Suppose the firm does not promote the worker at (f, g) in a skill acquisition
equilibrium. The previous claims then imply that the firm’s strategy is (L,L,L, L).
But in this case, the worker’s wage does not depend on the outcomes and he has no
incentive to invest in skills which is a contradiction.�

Claim 6 In a skill acquisition equilibrium, when p
−

(yH + ∆) < b, the worker

never specializes in a skill.

Proof Let q be the probability of the strategy (L,L,L,H) and (1 − q) be the
probability of (L,L,L, L). Then the only possible strategy in a skill acquisition
equilibrium is one where q > 0. The worker’s expected payoff for a given q is

wL + qpfpg(wH − wL)− C(pf , pg)

First suppose pf = p
−

and pg > p
−

in equilibrium. If the worker deviates and

chooses (p
−
, p
−

) the difference in the worker’s expected payoff is

−qp
−

(pg − p
−

)(wH − wL) + C(p
−
, pg)− C(p

−
, p
−

)

Let p
−

be sufficiently small so that p
−
yH < b. Then

C(p
−
, pg)− C(p

−
, p
−

) ≥ (pg − p
−

)b > (pg − p
−

)p
−
yH > q(pg − p

−
)p
−

(wH − wL)
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where the first inequality follows from the fact that C is convex with partial
derivatives bounded below by b and the last inequality follows from the fact that
wH − wL is bounded above by yH . Thus the worker does strictly better from the
deviation leading to a contradiction.

Similar reasoning can be used to rule out pf > p
−

and pg = p
−

.�

Proof of Proposition 3: Consider (L,L,L,H) and (
−
p,
−
p). These are part of

a skill acquisition equilibrium if and only if the strategies are sequentially rational
for both the firm and the worker.

Notice that a worker chooses (
−
p,
−
p) if and only if for all (pf , pg) the following

condition holds

−
p

2
(wH − wL)− (cf + cg)

−
p ≥ pfpg(wH − wL)− cfpf − cgpg

Since the condition above must hold for all (pf , pg), it must hold for the following

cases, i) pf = p
−

, pg = p
−

, ii) pf <
−
p, pg =

−
p, iii) pf =

−
p, pg <

−
p, iv) pf <

−
p, pg <

−
p.

Substituting the values of investment in the first three cases gives us the following
conditions respectively

wH − wL ≥
cf + cg

p
−

+
−
p

(6)

wH − wL ≥
cf
−
p

(7)

wH − wL ≥
cg
−
p

(8)

For case iv) notice that because the agents expected payoff is linear in one skill
when the other is fixed it follows that condition (6) is sufficient for (

−
p,
−
p) to be

optimal.
Next, notice that wages in equilibrium must be

wH = (1− λ)yH

wL = 0

Also, for (L,L,L,H) to be an equilibrium strategy it must be the case that the
firm does not have any incentive to deviate at each of the four outcomes (0, 0), (f, 0),
(0, g) and (f, g). These conditions are given by

0 ≤ wH − wL (9)
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λ(yH − yL) ≤ wH − wL (10)

(1− λ)(yH − yL) ≤ wH − wL (11)

and

(yH + ∆)− (yL + ∆) ≥ wH − wL (12)

Substituting wH −wL from above notice that (9) and (11) always hold. Also we
can rewrite (10) as

λ ≤
yH

(yH − yL) + yH
(13)

and (12) as

λ ≥ 1−
yH − yL

yH
. (14)

Combining (6),(7), (8), (13) and (14) gives us

1−
yH − yL

yH
≤ λ ≤ min{1−

−
c

yH
,

yH

(yH − yL) + yH
}

To show that the set of λ’s satisfying the inequality is non empty notice that

−
c ≤ yH − yL implies 1 −

yH − yL

yH
≤ 1 −

−
c

yH
. Also notice that 1 −

(yH − yL)
yH

≤

yH

yH + (yH − yL)
if and only if (yH − yL)2 ≥ 0 which always holds.

Now to show that these strategies are unique, consider the firm first. For the
firm, the uniqueness of (L,L,L,H) follows from Proposition 2. Next consider the
worker.

We know from Proposition 2 that when p
−
yH < b there cannot be skill acquisition

equilibria with the minimal investment level for any of the skills. We still need to
rule out other cases besides (

−
p,
−
p) as possible equilibrium investment levels.

First, suppose pf =
−
p and p

−
< pg 6=

−
p in equilibrium. Since the worker’s

expected utility is linear with respect to pg with pf fixed at
−
p, it follows that (

−
p, p
−

)

yields exactly the same expected payoff for the worker and this is given by

−
pp
−

(wH − wL)− cf
−
p − cgp

−
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If the worker deviates and chooses (p
−
, p
−

) the difference in the worker’s expected

payoff is

−p
−

(
−
p − p

−
)(wH − wL) + cf (

−
p − p

−
)

Let p
−

be sufficiently small so that p
−
yH < b. Then the worker can do strictly

better from the deviation leading to a contradiction.
Using the same reasoning above we can rule out pg =

−
p and p

−
< pf 6=

−
p as an

optimal choice for the worker.
Next suppose the equilibrium strategy (pf , pg) was interior. Since the expected

payoff of the worker is linear in pf holding pg fixed it follows that by choosing
pf = p

−
and pg the worker gets exactly the same payoff. But by the reasoning

above the worker can do strictly better by deviating and choosing (p
−
, p
−

) leading to

a contradiction.�

Proof of Proposition 4: For all of the cases below we take limits as p
−

tends to

0 and
−
p tends to 1 when computing profits. First, consider the case where contracts

cannot be written on jobs. Because
yH

2
>
−
c and condition (1) in Proposition 3 holds,

it follows that the interval λ ∈ (max{λ
−
,
1
2
},
−
λ] is non empty. The expected profit for

a firm when a worker is trained in this interval is λyH + ∆ and the expected profit
when a worker is not trained is 0. So the returns from training are λyH + ∆ when

λ ∈ (max{λ
−
,
1
2
},
−
λ].

Now consider the case where contracts can be written on jobs and suppose
the worker is not trained in general skills so that pg = p

−
. Then the promotion

strategy (L,H,L,H), along with investment levels (
−
p, p
−

), contracted wages of wH =

max{cf , (1 − λ)(yH − yL)} for job H and wL = 0 for job L, and wage offers of

0 for either job are part of an equilibrium when λ >
1
2
. To see this, note that

because λ >
1
2

and
yH

2
>
yL

2
+ cf , the firm’s promotion strategy is optimal at all

the four outcomes. Also, the workers marginal expected utility is at least as large
as max{cf , (1 − λ)(yH − yL)} − cf which is non-negative. Thus it is optimal for

the worker to choose pf =
−
p. The expected profit for this equilibrium is λyH −

max{cf , (1− λ)(yH − yL)}.
Finally, consider the case where contracts can be written on jobs and workers are

trained in general skills. From Claim 1 in the proof of Proposition 2, there are only
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four possible strategies to consider for a skill acquisition equilibrium: (L,L,L,H),
(L,L,H,H), (L,H,L,H) and (L,H,H,H). We will show that for any of these
strategies, expected profits never exceed λyH + ∆. As a result, the return from

training in the interval λ ∈ (max{λ
−
,
1
2
},
−
λ] is strictly larger when jobs cannot be

contracted on. First, consider the strategy (L,L,L,H). Because wages in equilib-
rium must be at least as large as competing offers of 0 for job L, and (1− λ)yH for
job H, and because λyH + ∆ > λyL > (1− λ)yL, expected profits can never exceed
λyH + ∆ for this strategy. Second, consider the strategy (L,L,H,H). This strategy
induces specialization in the general skill and the expected profit (as p

−
tends to 0

in the limit) is −(1 − pg)wL + pg((1 − λ)yH − wH). Because wages in equilibrium
must be at least as large as competing offers of 0 for job L, and (1−λ)yH for job H,
expected profits do not exceed λyH + ∆. Third, consider the strategy (L,H,L,H).
This strategy induces specialization in the firm specific skill and the expected profit
(as p

−
tends to 0 in the limit) is −(1 − pf )wL + pf (λyH − wH). Because wages

are non-negative, expected profits can never exceed λyH + ∆. Finally, consider the
strategy (L,H,H,H). Notice that when

−
p is sufficiently close to 1, workers will

only specialize in one skill. To see this, suppose to the contrary that pf > p
−

and

pg > p
−

. Consider two possible cases. First suppose either of the investments is at

the maximum level (say without loss of generality that pf =
−
p). Then the first order

necessary condition for the worker with respect to pg is (1− −p)(wH −wL)− cg ≥ 0.

Notice that since wH ≤ yH for the firm to make a positive profit and since
−
p is suffi-

ciently close to 1, the first order conditions do not hold, resulting in a contradiction.
Alternatively, suppose (pf , pg) is interior. Because a worker’s marginal utility is lin-

ear in either variable, it must be the case that (
−
p, pg) is also optimal for the worker.

But once again, the worker can do strictly better by setting pg = p
−

which results

in a contradiction. So the only possible investments in equilibrium for the strategy
(L,H,H,H) are those where the worker specializes in a skill. Once again, because
wages in equilibrium are non-negative expected profits cannot exceed λyH + ∆.�
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