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ABSTRACT
We analyse the issue of firm-sponsored training under product market imperfections. In this setting, qualification becomes 
a public good for firms when their profits are increasing in the stock of skilled workers but remains a private good to 
students/workers. Students have to pay a tuition fee but at the same time firms sponsor education: universities sell training 
to both. We prove that the proportion of skilled workers is larger in more competitive economies/industries while the share 
of firms in the financing of training is a monotonically decreasing function of the degree of competition. An increase of the 
latter indeed increases the equilibrium skilled wage while reducing its sensitivity to an increase of the supply of skilled 
workers. The firms’ aggregate expenditures on training per worker are nevertheless a nonmonotonic function of the competi-
tiveness of the economy.
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I. Introduction

Using rough 2008 data from OECD,1 the share of 
‘private entities other than households’2 in total 
‘tertiary education’3 expenditures is generally sig-
nificant, while ranging from rather low levels in 
Ireland (2.3%) or Belgium and Spain (4.1%) to 
much higher ones in Portugal (9.2%) or in 
Slovakia (13.8%)(see Figure A1 in the Appendix). 
Interestingly enough, there also seems, over eight 
European countries for which both data are avail-
able, to be an inverse relationship between the 
relative contribution of ‘private entities other 
than households’ and the proportion of skilled 
workers4 (i.e. by ‘skilled workers’ we mean here 
workers who received a tertiary education) in the 
working population, what could suggest that firm-
sponsored training could be a palliative to the 
financing of higher education by the other agents 
(households, governments). The present article 
provides a theoretical underpinning for such a 
negative association.

We consider more specifically the case where a
University is sponsored by private companies for
training students, rather than the one where compa-
nies sponsor students. Put otherwise, we deal in the
main text with the case where the supply of training
is sponsored rather than the demand for training.5

There are numerous examples of partnerships
between universities and firms in order to train more
skilled employees. Three Canadian cases are, for
instance: first, the partnership between the University
of Ontario’s Institute of Technology andOntario Power
Generation which is intended to ‘produce more
employees for the Canadian nuclear industry’; second
the partnership between Western University and a law
firm, Cassels, Brock and Blackwell, to create a pro-
gramme forming lawyers skilled in mining law and
third the partnership between University of Toronto/
Pierre Lassonde and Goldcop Inc., which aims to
‘accommodate a greater number of students and
scholars’.6 Sponsored degree programmes are offered
in the UK by a growing number of prestigious firms:
Airbus, Barclays Bank, Capgemini, Ernst and Young,

CONTACT H. Lasram hejer.lasram@gmail.com
1Data extracted from OECD.stat, Dataset: Expenditure by funding source and transaction type.
2That is, firms and nonprofit organizations.
3Total tertiary education includes types A and B.
4The proportion of skilled workers is computed as the difference between skilled active population and skilled unemployment divided by total employment;
data are extracted from ILO.stat (Source: Labor force survey).

5There is no contract between workers/students and sponsors-partners.
6‘Open For Business’ (2013).
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Experian, KPMG, Morrisons, Nestle, PWC and UPS.7

On the other hand, more and more companies are
offering scholarships to students training at universities,
among which are Ernst & Young, Google and Lloyds.

In our model training, besides being a public good
from the firms’ point of view, is a private good for
students/workers, and is provided by specialized firms,
say universities. We indeed consider that workers/stu-
dents decide whether or not to train, given that they
have to pay tuition fees if they choose to train. Training
may be part-time, in-service, including internship per-
iods, but is not training by firms alone. In a first stage,
the firms propose to the University to sponsor workers’
training. In the second one, the University accepts or
rejects the proposals and sets the tuition fee and stu-
dents decide whether or not to train. In the third stage,
given the stock of workers already trained, the firms
compete in wages to attract skilled workers. In the last
stage, the firms buy other inputs and sell their output in
the product market(s), resulting in profits which
depend on the allocation of skilled labour. Following
Bernheim and Whinston (1986), the first and the sec-
ond stages of the game are modelled in a general way as
the equilibrium of a common agency game of private
production of a public good.8 Explicit solutions are
obtained in the linear-quadratic example.

Results

A remarkable prediction of our model is a negative
association at equilibrium between the proportion of
skilled workers in the working population and the share
of firms in aggregate training expenditures. They turn
out to be linked through the ‘degree of competitiveness’
of the economy (or the industry): indeed, greater com-
petitiveness, which makes training more valuable for
students/workers, makes it less profitable for firms.

On the one hand, for any given proportion of
skilled workers, an increase in the number of firms
reduces the employment of skilled workers at each
firm, raising the equilibrium wage and hence the
workers’ demand for training.

On the other hand, the share of firms9 in the
financing of training is shown to be a monotonically

decreasing function of the degree of competition. This
is basically because firms’ incentive to invest in train-
ing is greater the more this investment may reduce
equilibrium skilled wage, i.e. the steeper is the inverse
demand function for skilled labour, accordingly the
less competitive the economy or industry.

To sum up, an increase in the degree of competition
both increases the equilibrium skilled wage for any
proportion of skilled workers, inducing more workers
to train, and reduces the slope of the demand for
skilled labour, leading firms to invest less in training.10

At the same time, the equilibrium tuition fee
appears to be the larger, the more competitive is
the economy.

Related literature

Earlier literature on this question has explained the
interest of firms in the training of workers by labour
market imperfections. Becker (1962, 1964) proved
that when the labour market is perfectly competitive,
firms are not interested in financing general training,
insofar as under perfect competition the firm pays a
wage which equals workers’ productivity, so there is
no benefit for the firms to invest in general training.
This result was confirmed by Acemoglu and Pischke
(1999a, 1999b). They pursued the analysis consider-
ing labour market imperfections due, for example, to
search frictions (Acemoglu 1997) or due to asym-
metric information between the employer, workers
and competitors (Katz and Ziderman 1990; Chang
and Wang 1995, 1996; Acemoglu and Pischke 1998).
The authors showed that when labour market fric-
tions reduce the wage of skilled workers below their
marginal productivity level, yielding rents for
employers, firms have an incentive to pay for general
training. In that case, training raises workers’ pro-
ductivity more than wages so that employers’ rents
increase.

More recently, Gersbach and Shmutzler (2012)
have explained firms’ investment in training by a
quite different argument. Firms would pay for work-
ers’ training in order to ‘avoid having to pay too
high wages for trained workers’ (475). The focus is

7See http://thescholarshiphub.org.uk/blog/sponsored-degrees-uk.
8There have been numerous applications of the common agency model in different settings, notably to analyse lobbying issues (see Grossman and Helpman,
1994, regarding trade policy).

9Notice that the firms’ aggregate expenditures on training per worker are a nonmonotonic function of the competitiveness of the economy.
10The inverse demand function shifts downward and its absolute slope decreases, for any number of skilled workers, when the degree of competition
increases.
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no more on the incentive for a firm to finance the
training of a particular worker but rather on the
training of firms contributing ‘to the reduction of
wages that is responsible for training incentives’
(488). The basic setting is an ‘imperfectly competi-
tive industry’ with skills specific to that industry11.
From the study of several examples of imperfectly
competitive industries, the authors conclude that
training may occur in equilibrium if ‘competition is
soft’. The intuition is that training also benefits to
the competitors and that this all the more detrimen-
tal to the training firm the more severe is the com-
petition with its rivals. Gersbach and Schmutzler
therefore conclude that product market imperfec-
tions, besides labour market ones, may explain
firms’ expenditures on training. In our terminology,
they showed that training is a public good from the
firms’ point of view when competition is soft.

Our article differs from Gersbach and Shmutzler’s
in several important respects. They explicitly con-
sider training by firms alone whereas we analyse the
case where training requires the participation of
training institutions (universities), and where firms
pay the universities to have them train more stu-
dents. A first consequence is that while we can
measure the impact of firms’ financing on the num-
ber of skilled workers, it is impossible to identify
workers who would be trained directly by the firms.
A second one is that we are able to show that firms’
and households’ investments in training are substi-
tutes: in more competitive settings, firms invest less
while students/workers invest more in education.
Our model may deal with the case where skills are
partly useful across industries and within countries
and not only across firms within a specific
industry.12

Generally, the empirical evidence on the effect of
product competition on firms’ investment in train-
ing is still controversial. Autor (2001) and Bassanini
and Brunello (2010), analysing firms’ financing
training, concluded that an increase in product com-
petition affects positively firms’ training investment.
Others (Grlitz and Stiebale 2008; Picchio and Van
Ours 2010) argued on the contrary that there is no
competition effect on training.

These studies are trying to find evidence for the
relationship between product competition and work-
place training whereas our model points towards a
relationship between competitiveness and the share
of firms in training expenditures. Moreover, our
article exhibits a nonmonotonic relationship between
firms’ expenditures on training per head and an
indicator of the degree of product competition,
firms’ expenditures being small both in very compe-
titive and in very noncompetitive circumstances.
This may lead to conclusions which are only locally
true. When one observes the level of firms’ training
expenditures corresponding to the degrees of com-
petition in industries which are rather noncompeti-
tive though at different degrees, one would conclude
to a positive association between firms’ expenditures
and the degree of competition. The reverse conclu-
sion would obtain from observing rather competitive
industries. Thus, our model points out that empirical
research should rather try to test the relationship
between the share of firms in training expenditures
and competitiveness.

The remainder of the article is organized as fol-
lows. Section II introduces the model. In Section III,
we solve the third period competition in wages. In
Section IV, we solve the common agency game.
Section V analyses a linear-quadratic example. We
conclude in Section VI. All proofs are given in the
Appendix.

II. The model

We consider a model where n identical13 firms com-
pete in wage on the skilled labour market. The skills
are not firm-specific. They may be industry-specific
like in Gersbach and Schmutzler (2012) but not
necessarily so. There are in a given economy several
different markets for different types of skilled labour
which are useful in possibly different industries. We
analyse here one of these markets. Qualification is
provided by a private University, and in order to
become skilled, students/workers have to pay to the
University a tuition fee and bear an individual train-
ing cost. Here, the supply of training is sponsored
rather than the demand for training. Note that the

11In their conclusion, the authors acknowledge that the assumption of industry-specific training, useless outside the industry, ‘is not decisive for the
existence of a training equilibrium’. The same type of skilled may be indeed useful in several different industries.

12Gersbach and Schmutzler, while insisting on industry-specific skills, also allow for this possibility in the conclusion of their paper.
13Generalizing to account for different firms while not very difficult would complicate the analysis for few additional insights.
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qualitative results obtained can be extended to the
case where the demand for training is sponsored.14

Firms

Each Firm i employs a number Li of skilled workers
and its gross profit function is simply � Lið Þ, which is
increasing at a decreasing rate in the number of

skilled workers employed,15 i.e. �
0 ðLiÞ > 0 and

�00ðLiÞ < 0: Assume that �ð0Þ � 0: The assumption
�00ðLiÞ < 0 will prove to be the key assumption in
this model. It corresponds to the assumption DRAW
(Decreasing Returns to Attracting Workers) in
Gersbach and Schmutzler (2012).

Firm i fixes the wage Wi to be paid to its employ-
ees and commits to hire all skilled workers who will
be willing to work at this wage. Profits net of wages
are then ViðLiÞ ¼ � Lið Þ �WiLi. Firms are assumed
to differ from the workers’ point of view only by the
wages they offer.

The University

It transforms an unskilled agent into a skilled one at a
unit cost c: In order to become skilled, a student has to
pay a tuition fee t, the level of which is fixed by the
University. Skilled workers are assumed to be identical,
i.e. perfect substitutes, from the firms’ point of view.
The University is assumed to maximize its profit.

Students/workers

A type u-student has a cost u for training where u is
distributed on some interval according to a contin-
uous distribution function F: When she chooses not
to train, she expects to obtain some exogenous reser-
vation utility, which, for the sake of simplicity, is
normalized to 0: When she chooses to train, she
expects to obtain a net utility W � t � u; where W
is the wage she expects to earn when becoming
skilled and t the tuition fee paid to the University.
It follows that the demand for training or, equiva-
lently, the supply of skilled labour is simply

L ¼ LsðW � tÞ ¼ LFðW � tÞ (1)

where L is the total working population. Of course, L is
strictly increasing in W � t: Given that any skilled
worker has first to be trained, the supply of skilled
labour is also the demand for training. For convenience,
we shall use the inverse demand function for training,16

W � t ¼ F�1 L

L

� �
:¼ ω

L

L

� �
(2)

Notice that ω L
L

� �
denotes the wage net of the tui-

tion fee.
The timing of the game is as follows:

(1) Each firm proposes to the University to sponsor
it, by an amount TiðLÞ, which depends on the
number L of students trained at the University;
we shall restrict our attention to the case where
the firms use truthful strategies such as defined
by Bernheim and Whinston (1986) or Laussel
and Le Breton (2001) (Definition 2.1., 98).17

(2) The University chooses to accept all contract
offers or only a subset of them or to reject all.
Then it selects the number of students L to be
trained and the tuition fee t under constraint
(1) or, equivalently, (2). We assume that,
doing so, it holds rational expectations about
the third period average wage.

(3) The L workers who have been trained at the
second stage search for a skilled job under the
only constraint to obtain a wage net of the
tuition fee ω not lower than their (zero) reser-
vation utility. The n firms compete in wages
to attract skilled workers.

III. Third-period competition in wages

In the last period, whatever the number of firms
sponsoring the University, all the firms compete in
wages to attract skilled workers (L), under the only
constraint to offer positive wages. We suppose that
the firms which offer the highest wage share equally
the supply of skilled workers between themselves

14Proofs are provided on demand.
15Unlike Gersbach and Schmutzler (2012), we do not explicitly consider strategic interactions such that the profit function would be written, for instance, as
�ðLi; L� LiÞ; and �

0
1 > 0; �

0
2 < 0; leading to d�ðLi ;L�LiÞ

dLi
¼ �

0
1 ��

0
2 > 0. Since we do not restrict our approach to industry-specific training, we prefer to

choose a general formulation.
16It is also the inverse supply function of skilled labour.
17As shown by Bernheim and Whinston, the truthful equilibria of common agency games are focal, having some interesting properties, including coalition-
proofness.
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and that firms with wages below the minimum one
have a zero supply of skilled labour.

Lemma 1: There is a symmetric equilibrium of the
wage competition stage such that18 Wi ¼ W ¼
�

0 ðLnÞ; i ¼ 1; 2; ::; n.

It follows from Lemma 1 thatW L
n

� � ¼ �
0 L
n

� �
is the

inverse demand function for labour, which may

equivalently be written as WðaÞ ¼ �
0
a L
n , as a func-

tion of a ¼ L
L
, i.e. of the proportion of skilled work-

ers. The slope of the inverse demand function is

W
0 ðaÞ ¼ L

n�
00 a L

n

� �
< 0. In the spirit of Gersbach

and Schmutzler, we shall consider from now on

that the absolute value of this slope W
0 ðaÞ�� �� is an

inverse index of the degree of competitiveness.
When it tends toward zero, we tend towards the
case where the demand for labour is infinitely elastic
at a given wage.

From Lemma 1, Firm i receives net profits

ViðLÞ ¼ � L
n

� �� L
n�

0 L
n

� �
when the number of work-

ers trained by the University is equal to L: These
profits are net of the wages but include transfers

to the University. Notice that V
0
iðLÞ ¼

� L
n2 �

00 L
n

� �
> 0 or, equivalently, if a ¼ L

L
is the pro-

portion of skilled workers,

V
0
iðaÞ ¼ �aLn

2
�00 a L

n

� �
¼ �a L

nW
0 ðaÞ > 0

ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
a2 þ b2

p
.

This simply means that skilled workers are a pub-
lic good for the firms since their profits increase
when the supply of skilled workers increase and
that the benefit to each firm from an increase of
the proportion of skilled workers is the inverse of
the degree of competitiveness of the economy. The
key assumption which is responsible for the ‘pub-
lic good result’ is obviously �00ðLiÞ < 0 : firms’
last stage equilibrium profits are supposed to
increase at a decreasing rate with the number of
skilled workers. The function �ð:Þ is the outcome
of the last stage of the game where firms intervene,
and possibly compete, on the output and other
input markets. Gersbach and Schmutzler (2012)
have convincingly argued that such a feature is
associated with soft competition. Accordingly, we

shall thereafter identify the speed at which indivi-
dual equilibrium profits increase with the propor-
tion of skilled workers with the inverse of the
degree of competitiveness of the economy (or the
industry).

Remark: If �00ðLiÞ � 0; "Li 2 0; L½ �; the only
possible equilibria of the wage competition stage
are such that firms make zero net profits and,
accordingly, that firms have no incentive to

invest in training. More precisely, when �
0 ðLiÞ is

constant and equal to f ; the common equilibrium
wage is equal to f : When �00ðLiÞ>0; "Li 2 0; L½ �;
only one firm is active in equilibrium, employs all
skilled workers and the equilibrium wage is W ¼
�ðLÞ=L since rivals would benefit from undercut-
ting any larger wage. Accordingly, equilibrium
firms’ profits are zero, whatever the stock of
skilled workers. There is both perfect competition
and no incentive for firms to contribute to the
training of workers.

Note that from Lemma 1 and Equation (2), we
derive the equilibrium of the skilled labour market as
follows: W L

n

� �� t ¼ ω L
L

� �
, where W L

n

� �
and ω L

L

� �
are, respectively, the inverse demand and the inverse
supply for skilled labour.

IV. The common agency game

We are now going to study the two first stages of the
game defined in Section I, i.e. the common agency
game Γ;f<nþ;V0;V1; ::;Vng; where V1; ::;Vn are
the firms’ gross profit functions which have been
defined in Section III and V0 are the University’s
net profits before any transfer from the firms. This
game is, from the firms’ point of view, a game of
private production of a public good (skilled
workers).

Denote by Ci � 0 the net contractual payoff
which Firm i requires for itself. We shall focus on
the truthful equilibria of Γ where the firms’ sponsor-
ship functions TiðLÞ are the following truthful
strategies:

TiðLÞ ¼ maxfViðLÞ � Ci; 0g: (3)

18It should be noticed that this equilibrium, which corresponds to the competitive equilibrium in the skilled labour market, is not the unique pure strategy
Nash equilibrium of the wage competition game and has been selected among others. This is explained in more detail in Remark (wages’ equilibrium) in
the Appendix.
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By using truthful strategies, firms make the
University a residual claimant which receives all
the additional profits from any marginal increase in
the number of workers which it trains. At a truthful
equilibrium, Bernheim and Whinston (1986) have
shown generally that the Agent’s action should max-
imize the aggregate utility of the Principals and the
Agent.19 Accordingly, at a truthful equilibrium, the
number L of students trained, when the University
accepts all contract offers, must maximize here the
sum of the firms and the University’s net profits,
V0ðLÞ þ

P
i2N ViðLÞ: From Equation (2) and

Lemma 1, the University gets net profits V0ðLÞ ¼
�

0 L
n

� �� ω L
L

� �
� c

� �
L when training L workers. On

the other hand, we have shown from Lemma 1 that

ViðLÞ ¼ � L
n

� �� L
n�

0 L
n

� �
; i ¼ 1; 2; ::; n: Adding up,

we obtain

V0ðLÞ þ
X
i2N

ViðLÞ ¼ n�
L
n

� �

� L cþ ω
L

L

� �� �
(4)

i.e. the aggregate net profits of the Principals and the
Agent equal the firms’ gross profits minus the sum
of the net wages paid to the skilled workers and of
the training costs.

Notice that Function (4) is concave if

1
n
�00 L

n

� �
� 2

L
ω0 L

L

� �
� L

L2
ω00 L

L

� �
� 0 (5)

Given that �00 L
n

� �
< 0, Condition (5) is always satis-

fied when the inverse demand function for training
is not too convex, i.e. when

ω
0 L

L

� �
þ L

L
ω00 L

L

� �
� 0 (6)

a familiar condition in the IO literature.
It follows that, when (5) holds, the equilibrium

number of students trained LN; when the University
agrees to be sponsored by all firms, is the unique
solution of

�
0 L
n

� �
¼ cþ ω

L

L

� �
þ L

L
ω0 L

L

� �
: (7)

The interpretation of this equality is simply that, at
equilibrium, the benefit �

0 L
n

� �
from a marginal

increase in the employment of skilled workers must

increase the cost to the firms and University cþ
ω L

L

� �
þ L

L
ω0 L

L

� �
of such marginal increase. This mar-

ginal cost is equal to the unit cost of training at
University (cÞ, plus the individual cost of training

of the marginal student/worker ω L
L

� �� �
plus the

effect on the skilled payroll of the induced increase
of the individual cost of training of the marginal

student/worker20 L
L
ω0 L

L

� �� �
. Condition (6) is suffi-

cient, though not necessary, to guarantee that the
marginal cost of a skilled worker is increasing in the
skilled employment level.

The equilibrium skilled employment level LN is
increasing in the number n of firms and decreasing
in the training cost c.

In aggregate, firms pay at equilibrium to the
University a marginal subsidy per student equal
to

Pn
i¼1 V

0
i ðLNÞ ¼ � LN

n �00 LN
n

� �
> 0:

Notice that the above equilibrium obtains also
when, instead of the truthful contracts (3), the
firms offer to the University simpler two-part
sponsorship contracts TiðLÞ ¼maxfai þ biL; 0g.
At equilibrium,

Pn
i¼1 bi ¼ � LN

n �00 LN
n

� �
and

Pn
i¼1 ai ¼ V0ðL;Þ � V0ðLNÞ þ

L2
N

n �00 LN
n

� �
:

Lemma 2: The equilibrium proportion of trained
workers in the working population, aN ¼ LN

L
is a

decreasing function of the number of workers per

firm l ¼ L
n and of the training cost c:

The larger the number l of workers per firm, the
lower, ceteris paribus, the equilibrium wage of skilled
workers and, accordingly, the smaller the proportion
aN of workers who choose to train. In the limit,
when the number of firms tends to infinity and

accordingly l tends towards 0, the equilibrium wage
of skilled workers and the proportion of workers

who train reach their maximum value. Clearly, l is
an inverse index of the degree of competition in the
economy, which is also inversely related to the speed
at which the marginal profitability of skilled labour

19Remember that they considered a transferable utility model.
20Notice that in order to induce more workers to train, one has to raise the wage received by all workers who train and not only by the marginal worker.
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decreases in each firm with the employment of
skilled workers. We can safely conclude that the
proportion of skilled labour should be larger in more
competitive economies.

From Equations (2) and (7), the equilibrium tui-
tion fee tN is given by

tN ¼ cþ aNω
0 ðaNÞ:

This implies that, at equilibrium, students pay a
tuition fee which is always larger than the training
cost c: Under Equation (6), the tuition fee is a
decreasing function of the number of workers per

firm l: Given Lemma 1, it then follows that students’
aggregate expenditures on education decrease when

the economy becomes less competitive, i.e. when l
increases: this is both because there are less students
and because the tuition fee is lower.

It remains to determine the equilibrium pay-offs
of the firms net of transfers to the University C�

i ;

i ¼ 1; 2; ::; n. To this end, to the common agency
game Γ we associate a transferable utility and a
cooperative game P with the set of players being
the set of firms: specifically, for each group S of
firms we calculate the highest joint pay-off PðSÞ of
the Agent (University) and Principals (firms). More
precisely, for all subsets S � N; the maximum aggre-
gate profits of the University and of the firms
belonging to S are

PðSÞ ¼ max
L

ðV0ðLÞ þ
X
i2S

ViðLÞÞ:

Notice that we denote
LS ¼ Argmax

L
ðV0ðLÞ þ

P
i2S ViðLÞÞ:

Lemma 3: At equilibrium, the aggregate firms’ equi-
librium profits net of transfers is such that

Xn
i¼1

C�
i ¼ PðNÞ � Pð;Þ (8)

with
C�
i � PðNÞ � PðN=iÞ; i ¼ 1; 2; :::; n (9)

and the University’s profit is

Pð;Þ ¼ V0ðL;Þ;

where L; ¼ Argmax
L

V0ðLÞ:

Using the Envelope Theorem, it is then easy to see
that the University’s equilibrium profits per head are
decreasing when l increases, i.e. when the economy
becomes less competitive. Indeed,

dðV0ðL;ÞÞ=LÞ
dl

¼ �00ða;lÞa2; < 0:

Corollary 1: At equilibrium, the firms’ net aggregate
contribution per head to the skilled workers’ training
equals

eF ¼ 1

L
ðV0ðL;Þ � V0ðLNÞÞ (10)

and aggregate expenditures on education per head
equal

V0ða;Þ
L

þ caN:

We have already shown that University’s profits per
head and the proportion aN of trained workers are

decreasing in l; so that aggregate expenditures on

education per head decrease with l; i.e. equivalently,
increase when the economy is more competitive.

It should be noticed that the equilibria of the com-
mon agency game described here correspond equiva-
lently to the outcome of a cooperative game between
the firms regarding the training of skilled workers.

V. The linear-quadratic case

Consider a product market with homogeneous good
and zero production cost, and where one unit of
product requires one unit of labour such as qi ¼ Li.

The demand for the product is given by ðα� β
2 LiÞ,

hence Firm i profit is given by �ðLiÞ ¼ Liðα�
β
2 LiÞ ¼ αLi � β

2 L
2
i ; where β > 0 and 2c > α > c > 0;

and FðxÞ ¼ x: Let us denote h ¼ β L
n ; and notice that

1=h is competitiveness index. We accordingly obtain
ωðL

L
Þ ¼ L

L
and tN ¼ cþ L

L
: The equilibrium outcome

is given in Result 1.21

21Notice that we implicitly assume that L
n � 1

β ðα� c � 2Þ in order to guarantee an interior solution, i.e. LðNÞ � L:
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Result 1: At equilibrium, the total number of trained
workers and the tuition fee are, respectively

LN ¼ L
α� c
2þ h

; tN ¼ αþ cð1þ hÞ
2þ h

thus, the aggregate profits of the University and
the firms are given by

PðNÞ ¼ L
α� cð Þ2
2ð2þ hÞ

The proportion of skilled workers is increasing in
α� cð Þ and decreasing in h; meaning that it is more
important in more competitive economies: The tui-
tion fee is decreasing in h and always larger than the
training cost.

Generally, equilibrium firms’ expenditures on
education per worker are obtained as

eF ¼ V0ðL;Þ�V0ðLNÞ
L

. Result 2 provides the equilibrium

value of the firms’ expenditures on education per
worker and the share of firms in the financing of
education.

Result 2: At equilibrium, total firms’ expenditures on
education per worker are given by

eF ¼ ðα� cÞ2h2
4ð1þ hÞð2þ hÞ2

thus, the share of firms in the financing of total
training expenditures is obtained as

sF ¼ h2ðα� cÞ
ð2þ hÞð2ðαþ cÞ þ hðαþ 3cÞÞ

The firms’ expenditures on education per worker are
positive if β 2 0;þ1: Starting from 0 when h ¼ 0;

they are increasing in h for h 2 0; 1þ ffiffiffi
5

p � and

decreasing in h for h � 1þ ffiffiffi
5

p
, tending towards 0

as h tends towards infinity. This result is very inter-
esting, given that h is inversely related to the com-
petitiveness of the economy. It indeed shows that the
relationship between the investment of firms in train-
ing and the competitiveness of the economy is non-
monotonic. It is low both in very competitive
economies and in very noncompetitive ones.

Not surprisingly, the proportion of skilled work-
ers who would not have been trained if there had not

been subsidies to education evolves exactly in the
same way. Indeed, this proportion equals

aN � a; ¼
α� c
2þ h

� α� c
2ð1þ hÞ ¼

hðα� cÞ
2ð1þ hÞð2þ hÞ

It is the difference between the equilibrium propor-
tion aN of skilled workers and the proportion a; of
skilled workers in the case when the University
refuses the firms’ subsidies. It is first increasing
from 0, takes a maximum and then decreases, tend-
ing towards zero as h tends towards infinity.

The intuition for these results is simple. When the
economy is increasingly competitive (h is smallerÞ, the
marginal productivity labour and hence the equili-
brium wage of skilled workers, α� ah; is less sensitive
to any variation in the proportion a of skilled labour, so
that there is less incentive for the firms to see more
workers trained. In the limit, as h ! 0; the economy
becomes perfectly competitive and skilled labour is no
more a public good from the firms’ point of view.

In the opposite case, as the economybecomes less and
less competitive, the equilibrium proportions of trained
workers both at equilibrium when all firms sponsor
education and in the case where the University refuses
all subsidies decrease because the equilibrium skilled
wage goes down and with it the incentive to train.
Accordingly, the additional number of workers which
are trained thanks to firms’ subsidies decreases: the
difference aN � a; goes to zero as h goes to infinity.

In Figure A2 in the Appendix, we have pictured
the aggregate and the firms’ expenditures per head on
education, respectively, e and eF, as a function of h for
α ¼ 3

2 and c ¼ 1: Remember that we have already
shown that aggregate expenditures per head on edu-
cation decrease with h, i.e. are the larger when the
economy is the more competitive.

If aggregate firms’ expenditures on training per
capita are a nonmonotonic function of the competi-
tiveness of the economy, the share of firms in the
financing of education is inversely related to the
competitiveness of the economy as depicted in
Figure A3 in the Appendix. Indeed, sF is increasing
in h; tending towards α�c

αþ3c<1 when h tends towards

infinity, as pictured in Figure 3. It is decreasing in the
unit training cost c and increasing in α: The reason
for different evolutions is simply that when the econ-
omy becomes less competitive, the firms spend less
per capita on training but, at the same time, students’
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expenditures decrease even faster, so that the share of
firms in education expenditures increases.
Considering several universities or the case where
the University is a public instead of a private one
does not change qualitatively the above results.22

VI. Conclusion

In this article, we have extended the contribution of
Gersbach and Schmutzler (2012) who proved that pro-
duct market imperfections may affect firms’ expendi-
tures on training. In our model, we assumed that
students are trained at higher schools rather than on
the job only and considered skills who are possibly
useful across industries and within countries rather
than necessarily industry-specific. We also considered
that qualification is produced by universities and that
firms subsidize universities to train a given number of
future workers. If it is impossible to distinguish stu-
dents directly trained by the firms, the model allows to
determine the additional number and proportion of
students who get skilled, thanks to firms’ subsidies to
the University.

We obtained some new results. The first is that
the fiercer is product market competition the greater
is the proportion of skilled workers in one economy;
hence, more competitive countries should have a
larger proportion of skilled workers. The second
result is that the firms’ training expenditures per
worker is nonmonotonic with respect to the compe-
titiveness of the economy. Finally, the share of firms
in financing general training is, however, monotonic
with respect to the competitiveness of the economy.

These results have been shown to be robust to the
introduction of competition between several differ-
ent private universities.

So our model provides a possible explanation of
the observation, reported in Section I for eight
European countries, that countries with the higher
proportions of skilled workers are at the same time
characterized by lower participation of firms in the
financing of education. Though the model may be
somewhat specific, we are confident that the results
may be rather robust. Indeed, the intuition seems
quite general. On one hand, a less competitive econ-
omy means a lower skilled wage and accordingly less
workers’ incentives to acquire skills, leading

naturally to a lower proportion of skilled workers.
On the other hand, less competition means that the
equilibrium skilled wage decreases more steeply with
the supply of skilled labour, so that firms have more
incentives to invest in increasing the stock of skilled
workers.

We can extend our investigation in several directions.
We could for instance analyse how globalization might
affect the firms’ training expenditures on training open-
ing the education and product markets internationally.
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Appendix

Proof of Lemma 1. Let us show that this is indeed an
equilibrium, i.e. that no firm can benefit from deviating. At
equilibrium, from the equal sharing rule, Li ¼ L

n ; i ¼
1; 2; ::; n: First notice that equilibrium profits πðLÞ ¼ �ðLÞ �
L�

0 ðLÞ are strictly increasing in L, since πð0Þ � 0 and

π
0 ðLÞ ¼ �L�00ðLÞ > 0: If a firm i deviates to some

Wi < W; it obtains net profits πð0Þ ¼ �ð0Þ lower than its
equilibrium profits πðLnÞ: If it deviates to some Wi > W; it

obtains profits �ðLÞ �WiL < �ðLÞ � �
0 ðLnÞL < πðLnÞ:

Remark (Wages’ equilibrium): It is easy to show that any

n-tuple such that Wi ¼ W; i ¼ 1; 2; ::; n; and W 2
ð�ðLÞ��ðLnÞ

L�L
n

;
�ðLnÞ

L
n
� is an equilibrium of this game. This is

because (i) it yields positive profits to all firms, (ii) any
deviation towards a lower wage would result in lower
(zero) profits to the deviating firm and (iii) any deviation
towards a higher wage would result in lower profits to the
deviating which would have to hire all skilled workers.We shall,
however, focus on the competitive equilibrium of Lemma 1. To
understand why, let us consider the following slightly perturbed
game, inspired from Salop (1979) ‘circular city’ model.
Suppose that the L skilled workers differ by their prefer-
ences for the n firms: They are uniformly distributed over
a circle and incur a linear transportation cost τdi for
working at a firm i which is located at a distance di
from their own location, τ being the transportation cost
parameter.23 The n firms are equidistantly located on the
circle. The model analysed above is the limit when τ ! 0
of this model of imperfect competition in the skilled
labour market. It is easy to see that, for all τ > 0; the

imperfect competition model has a unique equilibrium
such that Wi ¼ W ¼ �

0 ðLnÞ � τ
n ; i ¼ 1; 2; ::; n. The limit of

this equilibrium when τ ! 0 is the equilibrium analysed in
Lemma 1, which can be then seen as selected from the set
of Nash equilibria described above by introducing an infi-
nitesimal transportation cost.

Proof of Lemma 2. It is easy to rewrite (7) as

�
0 ðaNlÞ ¼ cþ ωðaNÞ þ aNω

0 ðaNÞ (A1)

Differentiating totally yields

l�00ðaNlÞ
� �� 2ω

0 ðaNÞ � aNω
00ðaNÞdaþ aN�

00ðaNlÞ
� �

dl� dc

¼ 0

Under (5) the result holds trivially.

Proof of Lemma 3. (i) Since the n functions ViðLÞ are
strictly increasing in L; this common agency game is clearly
comonotonic, and P is therefore convex, according to
Definition 4.1 and Proposition 4.1 in Laussel and Le Breton
(2001, 106). Since P is convex, the common agency game Γ
has the ‘no-Rent Property’ according to Theorem 3.2 in
Laussel and Le Breton (2001), what means that the
University’s profits are equal to the profits Pð;Þ ¼ V0ðL;Þ,
which it obtains when it rejects all firms’ contract offers and
education is financed only by students tuition fees. Equation
(8) follows directly. The Firms share between themselves the
difference between the aggregate profits of the vertical struc-
ture, when the University contracts with all of them, and the
University’s profits when it stands on its own, that is their
collective contribution to aggregate profits.(ii) The exact
sharing of this difference between the firms is not deter-
mined in equilibrium but the equilibrium net profits of a

23Needless to say, the utility of a skilled worker from working at i is simply Wi � τdi:
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given firm should not be larger than its own contribution to
aggregate profits, since otherwise its contract proposal would
be rejected. Equation (9) follows. Notice that, from convexity
of Γ;

Pn
i¼1 PðNÞ � PðN=iÞ � PðNÞ � Pð;Þ:

Proof of Corollary 1. (i) The net aggregate contribution of
the firms to the skilled workers’ training must equal the
difference between University profits when it stands on its
own and University profits when it is sponsored by the
firms, given that the firms have to compensate the
University for training a larger number of students than
the one which maximizes its operating (net) profits. In per
capita terms, we obtain Equation (10). Notice that eF is
strictly positive since L; ¼ Argmax

L
V0ðLÞ so that

V0ðL;Þ>V0ðLNÞ:(ii) Since the students’ contribution to
their own training is t�ðLNÞ LN ; aggregate expenditures
on education are equal to

t�ðLNÞLN þ V0ðL;Þ � V0ðLNÞ ¼ V0ðL;Þ þ cLN ;

so that expenditures on education per head equal V0ða;Þ
L

þ caN :

Proof of Result 1. We substitute �
0 ðLnÞ ¼ α� β L

n , ωðL�LÞ ¼ L
�L

and ω
0 ðL�LÞ ¼ 1 in Equation (7), and solving with respect to L,

we obtain LN ¼ �L α�c
2þh : Substituting LN in tN ¼ cþ aNω

0 ðaNÞ,
we obtain the equilibrium tuition fee.

Proof of Result 2. When the University rejects all contracts,
it maximizes V0ðLÞ ¼ ð�0 ðLnÞ � ωðL�LÞ � cÞL training

L; ¼ ðα�cÞ�L
2ðhþ1Þ . According to the equilibrium given in Result 1,

we compute eF ¼ V0ðL;�V0ðLNÞ
�L ; aggregate expenditures per

worker on education are e ¼ eF þ tNLN
�L . Finally, the share of

firms in financing training is then given by sF ¼ eF
e .

Figure A1. Firms’ share of higher education expenditures and % of skilled workers in the working population over eight European
countries.

Figure A2. Total and firms’ training expenditures as function of h.
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Figure A3. Share of firms in training expenditures as function of h.
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