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Abstra
tThis paper studies �rm-provided training in the presen
e of the following labor market institu-tions: minimum wages, assistan
e unemployment bene�ts, �ring 
osts, unions and severan
epayments. It shows that minimum wages, severan
e payments and unemployment bene�tsmay either in
rease or de
rease �rm-provided training relative to a 
ompetitive labor marketben
hmark where �rm-provided training takes pla
e. In 
ontrast, training in
iden
e shouldbe greater when �ring 
osts are higher and there is more unionization.The paper argues that the large observed 
ross-
ountry heterogeneity in labor marketinstitutions is a plausible 
andidate to explain the large observed variation in training in
i-den
e a
ross di�erent 
ountries, workers and industries. The reason is that the e�e
t of anyinstitution on �rm-provided training depends 
ru
ially on the other institutions in pla
ed.



1 Introdu
tionHuman Capital is a key determinant of e
onomi
 performan
e. Post-s
hool training is key toaugment and adapt the existing human 
apital to te
hni
al and stru
tural 
hanges, to de
reasethe risk of unemployment, to in
rease wage and to improve 
areer prospe
ts. Employer-sponsored training is the single most important sour
e of further edu
ation and training forthe working age population (OECD, 2000).1 The OECD International Adult Litera
y Survey(IALS) shows that in almost all 
ountries, governments play a very modest role in �nan
ingfurther edu
ation and training. Most of the training sponsored by �rms is general in nature.Estimates from Europe typi
ally do
ument that 80 to 90 per
ent of the training is generalin nature, whereas U. S. based studies provide estimates of general training in the vi
inityof 60 to 70 per
ent of all training spells (see, for instan
e, Barron, Berger, and Bla
k, 1999,Loewenstein and Spletzer, 1998, 1997, Booth and Bryan, 2002).

Figure 1: Training In
iden
e (%) workers aged 25-64 (sour
e: OECD 2004)In spite of the importan
e of �rm-provided training, there is a large variation in the amount1Bassanini, Booth, Brunello, De Paola, and Leuven (2005) �nd that, on average, the entire 
ost of 3/4 of thetraining 
ourses is dire
tly paid by employers and there is no eviden
e that employees indire
tly pay for thistraining by a

epting lower wages. The IALS data that in
ludes 16 OECD 
ountries shows that, on average,80% of vo
ational training 
ourses are paid for or provided by employers. Although 
ross-
ountry variation islarge, in all 
ountries at least 50% of vo
ational training 
ourses are employer-sponsored. A similar patternemerges in the ECHP data, where on average 72% of the training 
ourses on whi
h there is information on thesour
e of �nan
ing is employer-sponsored. 1



of training a
ross di�erent 
ountries, workers and industries (see, �gure 1). Bassanini et al.(2005), after 
ontrolling for a relatively large set of time varying individual, job and �rm
hara
teristi
s, �nd that 
ross-
ountry variation in training in
iden
e remains large.2 Indeed,after 
ontrolling for individual 
hara
teristi
s, 
ountry e�e
ts a

ount for almost one-half ofthe explained variation in training a
ross European 
ountries.3 In addition, Freeman (2007)do
uments a large 
ross-
ountry heterogeneity in Labor Market Institutions (LMI hereafter).This paper's goal is to understand better the relationship between training and LMI andasks, at the theoreti
al level, whether LMI 
an explain the large 
ross-
ountry variation intraining in
iden
e. In light of the empiri
al importan
e of �rm-provided training, this entailsto explain how di�eren
es in LMI 
an explain the variation in �rm-provided general trainingin
iden
e. In order to do so, an adequate ben
hmark model in whi
h �rm-provided trainingtakes pla
e in the absen
e of LMI is needed. The reason is twofold. First, the empiri
aleviden
e shows that �rm-provided training o

urs in most 
ountries, industries and for allkinds of workers (those a�e
ted and those who are not a�e
ted by any given institution)and this represents the vast majority of training. Se
ond, the use of any ben
hmark theorythat yields no �rm-provided training as the unique equilibrium out
ome in the absen
e ofLMI against to whi
h to 
ompare the e�e
t of any given institution on �rm-provided trainingin
iden
e 
an lead only to the 
on
lusion that a new institution does not de
rease training.In this paper I adopt a slightly modi�ed version of the 
ompetitive labor-market model inBalma
eda (2005), sin
e this model predi
ts �rm-provided training as equilibrium phenomenain the absen
e of LMI, to study how minimum wages, �rm-spe
i�
 unions, unemploymentassistan
e bene�ts, �ring 
osts, and mandated severan
e payments modify �rms' in
entives toprovide general training.The 
ru
ial assumptions of the model are: (i) workers' se
ond-period produ
tivity is un-
ertain and its distribution depends positively on training and skills in the sense of �rst-order sto
hasti
 dominan
e; (ii) workers a
quire non-
ontra
tible on-the-job spe
i�
 training,whi
h is neither 
omplement nor substitute with general training; (ii) �rms de
ide whether2For example, a Danish employee has still a 20 per
entage point greater probability of taking trainingthan a Portuguese. The estimated range of variation among 
ountry e�e
ts is far greater than that estimatedfor edu
ational levels (7.6 per
entage points), age 
lasses (6.2), �rm size 
lasses (7.7), o

upations (13) andindustries (12.4).3Part of this variation is probably due to measurement error and 
ross-
ountry di�eren
es in de�nitions andper
eptions of training. 2



to provide workers with 
ostly general training. This is observable, yet non-veri�able andnon-
ontra
tible; and (iv) wages are determined by Rubinstein's alternating-o�er bargaininggame with outside options.4 In other words, assuming that bargaining and employment on thespot market are mutually ex
lusive. Thus, in 
ontrast to most models in the literature, herethe no-trade payo�s for the �rm and worker enter the bargaining pro
ess as outside optionsinstead of as inside options.I show that the e�e
t of any given institution on �rm-provided training stems from thee�e
t of it on the following margins: the wage level itself, the worker's outside option and the�rm's outside option. For instan
e, a minimum wage imposes a lower bound on the negotiatedwage, �ring 
osts lower �rms' outside option, mandated severan
e payments in
rease workers'outside options and de
rease �rms' outside options, and they may also pla
e a lower boundon the negotiated wage. This depends on the other institutions in pla
ed. For instan
e, whenthere is no minimum wage, in no state the wage 
an be lower than the sum of unemploymentassistan
e bene�ts and severan
e payments, while when there is a minimum wage, mandatoryseveran
e payments 
annot be undone and represent a tax on separations. Thus, the e�e
tof any given institution on �rm-sponsored training is mu
h more 
omplex to devi
e thanprevious studies based on a single institution suggest, and it depends on the institutionalsetting in whi
h a given institution is modi�ed or introdu
ed.5The imposition of minimum wages, unemployment bene�ts and severan
e payments haveambiguous e�e
ts on training in
iden
e, while unions and �ring 
osts in
rease training in-
iden
e. In some 
ases su
h as the e�e
t of unions on �rm-provided training, the rationalefor the result is di�erent from the ones already proposed in the literature (see, for instan
e,Dustmann and S
hönberg, 2008), in other 
ases, su
h as the e�e
t of severan
e payments ontraining, no predi
tion has been made and in other 
ases, su
h as the minimum wages, the pre-di
tions are di�erent from the ones already made in the literature (see, for instan
e, A
emogluand Pis
hke, 2003). In parti
ular, a more realisti
 analysis of the e�e
t of minimum wageson �rm-provided training is proposed. Based on these results, I argue that heterogeneity inLMI a
ross 
ountries is a good 
andidate to explain the observed 
ross-
ountry heterogeneityin training in
iden
e. In fa
t, I show that training in
iden
e should be greater in 
ountrieswith stronger EPL and higher union density. Furthermore, this is more likely to be the 
ase in4When outside options are treated as inside options, the existen
e of �rm-spe
i�
 training that is neither
omplement nor substitute with general training does not 
reate in
entives to provide general training.5In the next se
tion I present some eviden
e to substantiate this 
laim empiri
ally.3



e
onomies with higher minimum wages and unemployment assistan
e bene�ts. The downsideof all this is that unemployment should also be greater in these e
onomies.I also extend the model to allow for both �rm- and worker-�nan
ed training. It is thenshown that in the absen
e of LMI, most training is paid-by for workers, while in the presen
e ofLMI, �rm-�nan
ed training is more likely to arise. This 
ould help us to understand why �rm-provided training in
iden
e is greater in Continental Europe than in Anglo-Saxon e
onomies.The related theoreti
al literature studying the e�e
t of LMI on either �rm- or worker-�nan
ed training is to some extent s
ar
e.Belot, Boone, and Van Ours (2007) present a one shot mat
hing model to formalize the ideathat �ring 
osts may stimulate workers to invest in training. Fella (2005) studies the e�e
t of
onditional and privately negotiated separation payments on the �rm's in
entives to providegeneral training. He shows that large enough 
onditional separation payments may indu
e�rms to invest in general training. Booth and Zoega (2003) show that employment prote
tionin
reases welfare when the workers' human 
apital embodies more than mat
h-spe
i�
 abilities.Teuling and Hartog (1998) argue that when workers 
an invest in non-
ontra
tible �rm-spe
i�
training, employment prote
tion 
ould help to stimulate this type of investment, whi
h wouldotherwise be suboptimal due to the hold-up problem. Etienne (2006) proposes a job-mat
hingmodel in whi
h workers in more �exible labor markets (that is, markets with little employmentprote
tion and low unemployment bene�ts) tend to invest in general human 
apital, while inmore rigid markets with generous bene�ts and higher duration of jobs workers are more in
linedto invest in spe
i�
 training. A
emoglu and Pis
hke (2003) show that �rms invest in generaltraining in the presen
e of minimum wages. Le
hthaler and Snower (2008), using a modelwhere outside options are treated as inside payo�s and thus in the absen
e of minimum wagesthere is no �rm-provided training, show that a marginal in
rease in minimum wages may eitherin
rease or de
rease training intensity, but they say nothing about training in
iden
e.In 
ontrast to the papers in the literature, this paper 
onsiders several institutions at on
e,emphasizes the di�erent e�e
ts that LMI 
an have on the in
iden
e of �rm-provided training,and provides a market equilibrium in whi
h �rms pay for training as a ben
hmark against towhi
h to 
ompare the e�e
ts of LMI on �rm-provided training.The rest of the paper is stru
tured as follows. In the next se
tion, Se
tion, some stylizedfa
ts with regard the relationship between training in
iden
e and LMI are provided. In Se
tion3 the model is presented. In the next Se
tion, I derive the �rst-best e�
ient amount of training4



and the optimal training in
iden
e when there are no LMI. In Se
tion 5, I derive the optimaltraining in
iden
e in the presen
e of LMI. In the following se
tion, I ask how ea
h institutiona�e
t �rms' in
entives to provide training in an otherwise 
ompetitive labor market. In Se
tion7, I study how a marginal 
hange in any given institution 
hanges training in
iden
e underdi�erent institutional settings. In Se
tion 8, I extend the model to allow for both �rms andworkers' �nan
ed training. And �nally, Se
tion 9 o�ers some 
on
luding remarks.2 Training and Labor Market Institutions: Stylized Fa
tsIn this se
tion, I provide some stylized fa
ts about the e�e
t on training in
iden
e for theOECD 
ountries in table 1 of minimum wages (MW), measured by the minimum wage overthe median wage, employment prote
tion legislation (EPL), as measured by the OECD indexof prote
tion,6 unemployment assistan
e bene�ts (UB) and union density (UD), as reportedby the OECD.7The existent eviden
e on the e�e
t of LMI on training is s
ar
e mainly due to the la
kof 
ross-
ountry training data and LMI. Brunello (2006), using training data from the EHCPand institutions data from the OECD, �nds that the e�e
t of union density on training isvery small and impre
isely estimated. He also �nds that training in
iden
e is lower whenthe degree of EPL, as measured by the OECD index of both regular workers and temporaryworkers, in
reases, although this e�e
t is statisti
ally di�erent from zero at the �ve per
entlevel of 
on�den
e only for the former. Brunello (2006) argues that this is due to the fa
t thatit is well known that employment prote
tion is asso
iated with �ring 
osts, and that these
osts have both a transfer and a tax 
omponent. While the transfer part 
ould be undone byproperly designed labor 
ontra
ts, the tax 
omponent is di�
ult to undo.An alternative explanation advan
ed by Brunello is sele
tion. When �ring 
osts are high,employers 
annot easily dismiss less able or less suitable regular employees and therefore endup with a more heterogeneous regular labor for
e than employers who 
an more easily dismiss6The OECD index refers to stri
tness of employment prote
tion for regular jobs; the "waste" 
omponent isde�ned as the part of the OECD index that is not related to "noti
e and severan
e pay for no-fault individualdismissals" (Sour
e: OECD 2004).7This variable has been used in the literature as a proxy of union in�uen
e, mainly be
ause of the availabilityof time varying data. An important drawba
k, however, is that the variable of interest in the empiri
al analysisis the e�e
t of unionization on wages, whi
h might be poorly related to union density.5



unsuitable employees. If training and ability are 
omplements, or if labor for
e heterogeneityimposes a negative �rm-spe
i�
 externality on individual produ
tivity, employers with a morehomogeneous regular labor for
e should train more.The �rst 
olumn of table 1 presents the average training in
iden
e over the period 1997-2007, where training in
iden
e 
orresponds to data 
olle
ted by labor for
e surveys in anylearning a
tivities 4 weeks before the survey over the population older than 24 years old andyounger than 65 years old.8 The se
ond 
olumn shows the OECD indi
ator of stri
tnessof prote
tion of regular jobs. As shown, there is lot of variation a
ross 
ountries, but littlevariation within 
ountries. The prote
tion of regular jobs was strongest in Portugal andNetherlands and it was relative weak in Ireland and United Kingdom. Hourly minimum wageswhere the highest in Belgium and Netherlands, while they were small in Cze
h Republi
,Slovak Republi
 and Poland. Union density was highest in Belgium and lowest in Fran
e, andunemployment assistan
e bene�ts were highest in Netherlands and lowest in United Kingdomand Cze
h Republi
. This shows that there is a fair amount of variation in institutions a
ross
ountries. So, in this se
tion I take advantage of this variation to provide some support tothe idea that the variation in training in
iden
e may well be explained by the heterogeneityin LMI a
ross 
ountries.The empiri
al analysis is based on data for the 13 
ountries for whi
h information on ea
hof the institution in table 1 are available. I estimate linear pooled OLS with training in
iden
eas a dependent variable and institutions and their intera
tion terms as independent variables.9Due to the sample size, estimation results must be taken 
autiously.Ea
h of the �rst four 
olumns in table 2 
aptures the e�e
t of a given institution on train-ing when no other institutions are 
ontrolled for. It follows from these regressions that EPLand minimum wages result in less training, while union density and unemployment assistan
ebene�ts in
rease training in
iden
e, although the last e�e
t is impre
isely estimated. Column8The results are very similar when the training variable 
orresponds to parti
ipation in Continuing Vo-
ational Training 
olle
ted by EU for years 1999 and 2005. However there were only 26 
ountry-time datapoints.9When time and 
ountry dummies are in
luded none of them are signi�
ant, but for the dummy for UKand Ireland and the 
oe�
ients are impre
isely estimated. These is in part due to the fa
t that there is littlevariation in EPL within 
ountries and the small sample. The Hausmann test indi
ates that the 
orre
t modelis a random e�e
t model rather than a �xed e�e
t model. The 
hi-squared statisti
s is 17.56, whi
h results ina Prob > χ2 = 0.0628. 6



Table 1: Training and LMI: Means by CountriesCountry Training EPL MW UD UBAustria 9.99 2.67 n.a. 0.36 1.00Belgium 6.50 1.72 0.52 0.52 1.15Cze
h Republi
 5.57 3.29 0.33 0.29 0.24Denmark 22.72 1.63 n.a. 0.73 1.59Finland 19.61 2.22 n.a. 0.74 1.42Fran
e 4.81 2.42 0.60 0.08 1.38Germany 6.25 2.80 n.a. 0.23 1.98Gree
e 1.53 2.29 0.48 0.26 0.33Hungary 3.40 1.92 0.45 0.22 0.36I
eland 23.75 n.a. n.a. 0.87 0.80Ireland 6.43 1.60 0.54 0.37 0.51Italy 5.23 1.77 n.a. 0.34 0.29Luxembourg 6.45 n.a. 0.41 0.43 1.87Netherlands 15.20 3.04 0.46 0.22 0.54Norway 16.24 2.25 n.a. 0.55 0.25Poland 4.66 2.06 0.42 0.21 0.87Portugal 3.62 4.27 0.47 0.20 0.17Slovak Republi
 4.85 2.40 0.42 0.33 1.38Spain 5.58 2.54 0.43 0.16 0.79Sweden 27.00 2.86 0.30 0.78 0.81Switzerland 30.15 1.16 n.a. 0.20 n.a.Turkey 1.31 2.57 n.a. 0.10 n.a.United Kingdom 23.60 1.07 0.43 0.29 0.25Total 11.42 2.31 0.45 0.37 0.94
7



Table 2: Parameter Estimates Training Equations (OLS)a(1) (2) (3) (4) (5) (6) (7) (8)Const. 21.40 29.10 3.35 11.55 21.75 127.67 111.42 124.46(2.03)∗∗∗ (4.22)∗∗∗ (1.04)∗∗∗ (1.26)∗∗∗ (7.72)∗∗∗ (28.18)∗∗∗ (19.38)∗∗∗ (26.80)∗∗∗EPL -4.50 -1.10 -34.93 -32.64 -35.53(.77)∗∗∗ (1.45) (8.52)∗∗∗ (6.91)∗∗∗ (7.55)∗∗∗MW -45.30 -27.70 -221.61 -212.55 -222.09(8.47)∗∗∗ (11.09)∗∗ (51.10)∗∗∗ (39.91)∗∗∗ (50.50)∗∗∗UD 21.92 20.00 41.08 87.74 64.36(2.01)∗∗∗ (5.33)∗∗∗ (55.50) (24.21)∗∗∗ (46.07)UB -.24 -3.17 -111.64 -93.51 -101.51(1.02) (1.75)∗ (19.95)∗∗∗ (11.44)∗∗∗ (13.75)∗∗∗UD*EPL -13.02 -20.32 -11.97(12.89) (10.19)∗∗ (11.31)UB*EPL 29.18 26.74 23.82(5.35)∗∗∗ (4.28)∗∗∗ (3.84)∗∗∗UB*MW 77.11 61.49 80.94(17.37)∗∗∗ (15.37)∗∗∗ (15.29)∗∗∗UD*MW 22.46 -29.07(63.17) (55.16)EPL*MW 56.81 58.63 61.32(15.80)∗∗∗ (14.95)∗∗∗ (13.09)∗∗∗UB*UD 21.21 17.55(15.97) (10.97)Obs. 204 131 205 169 88 88 88 88
R2 .13 .18 .28 .0003 .35 .76 .76
F statisti
 34.3 28.62 118.38 .05 7.82 32.69 35.17a Dependent variable: training in
iden
e; robust standard errors are reported; Signi�
an
elevel * 95%, **99%, ***99.9%. Panel-
orre
ted standard errors presented in parenthesis.b GLS with panel-
orre
ted standard errors. 8



5 presents the parameter estimate for ea
h institution when 
ontrols for the other institutionalvariables are in
luded and intera
tion are ignored. As shown, the marginal e�e
ts have thesame sign as those arising from regression without 
ontrol, but the magnitudes su�er substan-tial 
hanges ex
ept in the 
ase of union density and all 
oe�
ients are pre
isely estimated.Furthermore, the LMI in
luded explain around a third of variation of training in
iden
e.Column 6 presents the parameter estimate for ea
h institution when 
ontrols for the otherinstitutions as well as for all possible intera
tions terms are in
luded, while 
olumn 7 is astepwise regression in whi
h only those intera
tion terms that have a signi�
ant level of 0.5%or less are in
luded in the regression. Column 8 �ts 
ross-se
tional time-series linear modelsusing feasible generalized least squares 
orre
ting for heteros
edasti
ity a
ross panels. Theanalysis of the results is based on the 
oe�
ients in equation 8.To see the importan
e of 
ontrolling for other LMI when estimating the e�e
t of anyinstitution on training in
iden
e, I 
al
ulate the marginal e�e
t on training for ea
h institutionfor all 
ountries and also for 6 di�erent 
ountries. The results are shown in table 3.Table 3: Average Marginal E�e
tsLMI All UK Portugal Netherland Fran
e Gree
e SpainEPL 45,58 28,82 30,50 38,32 59,83 34,15 43,30MW -15,05 -144,74 47,73 1,95 14,11 -62,61 -6,97UD 89,63 90,74 54,26 74,56 108,18 81,59 82,62UB -12,43 -44,52 32,51 3,39 7,36 -12,91 -11,87It follows from table 3 that on average higher minimum wages and unemployment assistan
ebene�ts result in a lower average training in
iden
e, while greater union density and a stri
temployment prote
tion legislation rise training in
iden
e. However, these predi
ted e�e
t arenot homogeneous a
ross 
ountries.It follows from the results in table 3 that higher minimum wages result in less training ine
onomies with low EPL and unemployment assistan
e bene�ts su
h as UK and Ireland, whilethey are likely to in
rease training in 
ountries with high union density and high unemploymentbene�ts su
h as Portugal and to lesser extent Fran
e. The e�e
t of unemployment assistan
ebene�ts on training in
iden
e also depend on the institutional setting. In parti
ular, 
ountrieswith higher EPL have more training when bene�ts go along with stronger EPL su
h as inNetherland and Portugal, while this have a negative e�e
t in 
ountries su
h as Fran
e with9



low union density and relatively lower EPL. The table also shows that union density as well asthe stri
tness of employment prote
tion in
rease training regardless of the institutional setting.The main 
on
lusion of this se
tion is that the e�e
t of any given institution on training
annot be inferred unless 
ontrols for the 
ountry's institutional setting are in
luded. Fur-thermore, this shows that a given institution 
an be positive for training in one 
ountry, butnegative in others.3 The Model3.1 Set-UpI 
onsider a two-period model between homogeneous �rms (f) and heterogeneous workers (l),both of whom are risk neutral. Ea
h worker has a publi
ly known s
hooling or skill level
a ∈ [0, A], with A > 0. At the beginning of period 1, whi
h is viewed as the early stage of aworker's 
areer, �rms and workers negotiate one period 
ontra
ts for the supply of one unitof labor and then �rms de
ide whether or not to provide non-
ontra
tible training to hiredworkers. To fo
us on training in
iden
e, I assume that training is indivisible, so only τ = 0 (notraining) and τ = 1 (training) are possible. The 
ost of training, whi
h is independent of skills,is in
urred in terms of lower output in the �rst period and is equal to C > 0. There is free-entry at zero 
ost and all �rms have a

ess to the same 
onstant-return to s
ale te
hnology;i.e. the total produ
tivity of a �rm is equal to the sum of ea
h worker's produ
tivity.At the beginning of period 2, after training has been undertaking, workers' produ
tivity,denoted by y, is publi
ly realized. After produ
tivity be
omes known, the parties eithernegotiate a one period 
ontra
t for the supply of one unit of labor, or alternatively, they mayeither refuse to trade, or agree to trade with a third party instead. The wage determinationpro
edure, whi
h I dis
uss in detail below, is based on the outside option prin
iple found, forexample, in Sutton (1986).

• Assumption 1: Produ
tivity y has density f(· | τ, a) with �xed support Y ≡ [yL, yH ],positive mean E(y | τ, a) and 
onstant varian
e. f is twi
e-
ontinuously di�erentiableand the 
umulative distribution fun
tion satis�es the following 
onditions: F (y | 1, a) <

F (y | 0, a) for all y ∈ Y , Fa(y | τ, a) < 0 and Fa(y | 1, a) ≤ Fa(y | 0, a) for all y ∈ Y .This assumption says that training and skills improve the output distribution in the sense10



of �rst-order sto
hasti
 dominan
e (hereafter FOSD). This in turn implies that for any givenskill level, average produ
tivity is higher when a worker re
eives training and, for any giventraining level, average produ
tivity is higher, the higher a worker's skill level. The last partof assumption 1 imposes that training and skills are 
omplements, whi
h will result in thattraining in
iden
e is higher, the higher the skills.The eviden
e on �rm-provided training is eloquent with respe
t to who is more likely tore
eive training. Bassanini et al. (2005) shows that the average training in
iden
e is higherin European 
ountries where the per
entage of the a
tive population with at least upperse
ondary edu
ation is higher. Arulampalam, Booth, and Bryan (2004b) �nd, estimatingseparate models for ea
h European 
ountry, for both men and women, that there are sevenout of ten 
ountries in whi
h highly edu
ated individuals are signi�
antly more likely to gettraining than the base group of workers with less than upper se
ondary level.10 Bla
k andLyn
h (1998), using data from a 1994 survey of U.S. establishments, �nd that formal trainingprograms were positively asso
iated with establishment size, the presen
e of high-performan
ework systems (su
h as Total Quality Management), 
apital-intensive produ
tion, and workers'edu
ation level.Existing eviden
e also shows strong 
omplementarities between edu
ation and training(see, Booth (1991); Arulampalam and Booth (1998); Brunello (2001)). In addition, Ariga andBrunello (2006) �nd that the strength of this 
omplementarity depends on whether training isprovided on-the-job or o�-the-job. Thus, the fa
t that the model will predi
t that only workerswith a skill or s
hooling level ex
eeding a given threshold will re
eive training is 
onsistentwith this eviden
e.A worker's with a skill level a produ
es E(y | 0, a) − τC in period 1; that is, the averageoutput as an untrained worker minus training 
osts. In period 2, when he stays with the�rst-period employer, he produ
es y + η, while when he leaves the �rst-period employer, heprodu
es y, where η is interpreted as the produ
tivity gain due to on-the-job spe
i�
 human
apital. Thus, the te
hnology is su
h that τ is general in Be
ker's sense; that is, the marginalprodu
t of general training inside the �rm is the same as that with any alternative employerand skills and training are 
omplements.10For both sexes, the 
ommon set of 
ountries 
omprises Britain, Denmark, Finland, Italy and Spain. How-ever highly edu
ated women in Fran
e and the Netherlands, and men in Austria and Ireland, are more likely toexperien
e training starts than the base. Only in Belgium edu
ation have no signi�
ant e�e
t, 
eteris paribus.11



3.2 Institutional SettingNo worker 
an be paid less than the minimum wage set by the authority at w > 0, andwhen unemployed he or she re
eives unemployment assistan
e bene�ts in an amount µ,11 with
µ ≤ w. This is �nan
ed by the government through general taxes.An employment prote
tion legislation (EPL) that 
onsiders �ring 
osts and mandatedseveran
e payments is also in pla
ed. Firms have the authority to terminate unprodu
tivejobs by �ring workers and, symmetri
ally, workers have the right to quit and sear
h for a newmat
h at any time. The government enfor
es a severan
e payment P > 0, whi
h represents apure transfer from the �rm to the worker upon job separation. There are also administrative�ring 
osts of an amount T > 0, whi
h in
lude the 
osts asso
iated with following whateverpro
edure is ne
essary in order to terminate a relationship. These 
osts represent transfers toa party outside the mat
h and thus they are a pure waste from the mat
h's viewpoint.Let D = (w, T, µ, P ) denote the institutional setting and θ ≡ max{µ + P,w} be the wage�oor. From here onwards, I will denote a labor market without institutions as D ≡ 0 and alabor market with institutions as D > 0.12 In this setting, a worker's outside option is y + Pif upon a separation he is able to �nd a job and µ + P if upon a separation he is not ableto �nd a job. Thus, a worker's outside option at the time he negotiates with the �rst-periodemployer is max{y + P, µ + P} and no employer 
an paid him less than the minimum wage.This implies that the negotiated wage must be as least as large as the maximum between theminimum wage and the worker's outside option; that is, w(D) = max{y + P, θ}. The �rm'soutside option is given by π−T −P , and for the sake of simpli
ity, it is assumed that π = 0.13Finally, �rm-spe
i�
 unions will be model as a 
ombination of the LMI 
onsidered here and Ipostpone the dis
ussion on how they are 
ombined until after the analysis of minimum wagesis 
arried out.11Most 
ountries that have unemployment assistan
e bene�ts programs opt for a �xed amount s
hedule. Forinstan
e, among OECD 
ountries, only Germany (53% of net earnings) and Austria (92% of UI bene�ts) havea variable system. In addition, some 
ountries have a unlimited duration for these bene�ts and some have�nite durations.12Bolds denote ve
tors.13This assumption is 
onsistent with a 
ompetitive labor market sin
e in the absen
e of spe
i�
 training the�rm has to pay a worker his produ
tivity.
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3.3 Wage DeterminationHere, I turn to the issue of how a worker's 
ompensation is determined after y is realized. Thekey is that the no-trade payo�s enter the bargaining pro
ess as outside options instead of asinside options.The bargaining between a �rm and a worker adopted here is Rubinstein's alternating-o�ergame with the addition of outside options for both, the �rm and worker. Bargaining takespla
e over a number of rounds. At the beginning of ea
h round, the worker is 
hosen to bea proposer with probability 1
2�the worker's bargaining power�and the �rm with probability

1
2�the �rm's bargaining power.If the proposer is the worker, he proposes a wage w. The �rm 
an either a

ept or reje
tthis o�er, if it a

epts, then the �rm gets y + η − w, while if it reje
ts, then the �rm and theworker get zero and bargaining either goes to the next round where the �rm makes a proposalor 
hooses to terminate the bargaining pro
ess taking its outside option. If bargaining isterminated be
ause the responder takes his or her outside option, the worker gets his outsideoption whi
h is equal to max{y + P, µ + P}.Note that only the responder is allowed to 
hoose to terminate bargaining. This ensuresa unique solution for the bargaining game. Furthermore, be
ause 
omplete information isassumed, the bargaining pro
ess ensures that trade is ex-post e�
ient 
onditional on that theworker 
annot be paid less than w and there are positive �ring 
osts and severan
e payments;that is, the �rm-worker relationship 
ontinues whenever 
ontinuing the relationship generatesmore than separating; i.e., y + η ≥ max{y + P, θ} − P − T .It follows from this and the outside option prin
iple that when neither the outside optionnor the minimum wage binds, the surplus from 
ontinuing the relationship is divided a

ordingto ea
h party's bargaining power (hereafter, the surplus-sharing out
ome);14 that is, the workergets 1

2 (y + η) and the �rm gets 1
2 (y + η); when only the worker's outside option binds andit is optimal to 
ontinue the relationship, the worker gets the maximum between his outsideoption and the minimum wage, and the �rm gets the total surplus minus the worker's wage;that is, y + η −max{y + P, θ}; and when only the �rm's outside option binds, the worker getsthe total surplus from 
ontinuing the relationship and the �rm gets its outside option −P −T .Finally, when the worker and the �rm's outside options are both binding, they are better-o� terminating the relationship and ea
h getting his or her outside option be
ause what is14See, Sutton (1986). 13



generated by 
ontinuing the relationship is less than what 
an be generated if the �rm andworker terminate their relationship.3.4 Period-2 Equilibrium Payo�sLet yL(D) be equal to min{η− 2P, 2θ− η} and yH(D) be equal to max{η− 2P, θ−P}. Giventhese thresholds, a �rm's period-2's expe
ted payo� is given by:
Uf (τ | a,D) ≡

∫

yH(D)
(y + η − (y + P ))dF (y | τ, a) +

∫ η−2P

yL(D)

1

2
(y + η)dF (y | τ, a)+

∫ yL(D)

θ−P−T−η

(y + η − θ)dF (y | τ, a) −

∫ θ−P−T−η

(P + T )dF (y | τ, a)

(1)and a worker's period-2 expe
ted payo� is given by:
Ul(τ | a,D) ≡

∫

yH(D)
(y + P )dF (y | τ, a) +

∫ η−2P

yL(D)

1

2
(y + η)dF (y | τ, a)+

∫ yL(D)

θ−P−T−η

θdF (y | τ, a) +

∫ θ−P−T−η

(µ + P )dF (y | τ, a).

(2)It follows from equations (1) and (2) that total se
ond-period expe
ted surplus is given by:
S(τ, a,D) =

∫

θ−P−T−η

(y + η)dF (y | τ, a) +

∫ θ−P−T−η

(µ − T )dF (y | τ, a). (3)Observe that yH(D) > yL(D) for all η > θ + P . When this holds and produ
tivity is low(i.e., y > θ − P − T − η), the relationship is severed and the �rm must paid the �ring 
osts
T +P and it gets no return to worker's produ
tivity from general training. When produ
tivityis higher enough to keep the working relationship going, but lower than or equal to yL(D), theworker is paid the wage �oor θ. In this 
ase the �rm gets the full return to worker's produ
tivityfrom general training. When produ
tivity is higher, the worker and the �rm share the surplusand thus the �rm gets a share 1

2 of the return to worker's produ
tivity from general training.Lastly, when produ
tivity is high, the worker is paid his produ
tivity outside the �rm (see,�gure 2(a)) and thus the �rm gets no return to general training. In 
ontrast, when η ≤ θ + P ,
yH(D) = yL(D). When this holds and produ
tivity is low (i.e., y ≤ yL(D)), but large enoughto keep the relationship going, the worker is paid the minimum wage and thus the �rm getsthe full return to general training, else he is paid his outside produ
tivity and thus the �rmgets no return to training. The main di�eren
e between these two parameterizations standsfor the fa
t that when the wage �oor is su�
iently high (i.e., η ≤ θ + P ), the �rm and the14



worker never share the surplus and therefore the �rm and worker never share the return totraining. Either the �rm or the worker gets the full return to it.To save on 
ase analysis, from here onwards, I will fo
us on the 
ase in whi
h η ≥ θ + P .This ensures that the surplus sharing out
ome is feasible. Furthermore, assuming the oppositedoes not 
hange the results in a qualitative sense, sin
e it only rules out the surplus sharingout
ome.
y + P

1
2(y + η)

θ

η − 2P2θ − η

w

y

1
2η

P (a) Wage Determination
1
2(y + η)

η − P

y + η − θπ

1
2η

η − θ

y(b) Pro�t DeterminationIn addition, I will assume that θ ≥ P + T . This guarantees that in the presen
e of LMIseparations take pla
e.4 Training Level in the Absen
e of LMI4.1 The First-Best E�
ient Training LevelIn this sub-se
tion, I determine the �rst-best e�
ient training level in the absen
e of LMI(i.e., when D = 0). In this 
ase for any training level τ and produ
tivity y, trade must be atthe e�
ient level; that is, separations take pla
e if and only if what is generated by stayingtogether is lower than what 
an be 
reated by severing the mat
h. That is, a mat
h is severedif and only if y + η ≤ y. Thus, a separation never o

urs sin
e the worker spe
i�
 trainingmakes the worker more produ
tive with the �rst-period employer for any realization of y.Given e�
ient trading, the e�
ient investment further requires that τ maximizes totalexpe
ted gains from the employment relationship. Thus, training maximizes total se
ond-period expe
ted surplus minus training 
osts; that is,
max

τ∈{0,1}
{S(τ, a,0) − τC}.15



Let τ∗
a be the e�
ient investment in training. Then τ∗

a = 1 if and only if
S(1, a,0) − C ≥ S(0, a,0). (4)Integrating-by-parts on
e, equation (4) redu
es to the following 
ondition

∫

(

F (y | 0, a) − F (y | 1, a)
)

dy − C ≥ 0Observe that this inequality is satis�ed when there are no training 
osts sin
e the distribu-tion of output when the worker re
eives training FOSD that when the worker does not re
eivetraining. This, together with the assumption that training and skills are 
omplements, impliesthat there is a skill threshold, denoted by a∗(C), su
h that equation (4.1) is satis�ed for allworkers with an ability level greater than or equal to the skill threshold.Then the next result summarizes the dis
ussion so far.Proposition 1 It is �rst-best e�
ient to train a worker with skill level a if and only if a ≥

a∗(C), with a∗(C) in
reasing in training 
osts C.From here onwards I shall assume that A ≥ a∗(C), whi
h guarantees that training in
iden
eis positive. In fa
t, this implies that it is e�
ient to provide training to a mass of workersequal to 1− G(a∗(C)), and those re
eiving training are the more skillful ones as the eviden
eprovided in Se
tion 3 shows.4.2 The Optimal Training Level in the Spot MarketHere the 
ase of spot 
ontra
ting is studied when there are no LMI�that is, D = 0. The�rm then 
hooses τ to maximize its total expe
ted pro�ts Uf (τ | a,0) − τC rather than theexpe
ted total surplus.Let τ s
a be the optimal investment in training under spot 
ontra
ting, where s stands forspot market. Then provided that a �rm hires a worker with a skill level a, the �rm provideshim with training if and only if se
ond-period expe
ted pro�ts minus training 
osts are greaterwhen training is provided; that is,

Uf (1 | a,0) − C ≥ Uf (0 | a,0),This together with equation (1) and integration by parts imply that a worker with a skilllevel a ∈ A re
eives training if and only
1

2

∫ η

−η

[F (y | 0, a) − F (y | 1, a)]dy − C ≥ 0. (5)16



This equation 
aptures the fa
t that training rises the worker's produ
tivity outside of the�rm by the same amount as it does it within the relationship when produ
tivity is high andthat the �rm and worker share the return to general training only when the produ
tivity islower than η. Thus, the �rm gets a share of the return to training when the surplus-sharingout
ome o

urs, but no return to general training and the full return to spe
i�
 training whenthe worker's outside option binds.Observe that at C = 0, the inequality in equation (5) is satis�ed sin
e the term in squarebra
kets is positive for all skill levels. In addition, be
ause training and skills are 
omplements,this rises with skills.15 Thus, I 
an de�ne the skill threshold as(C) as the lowest skill level atwhi
h the inequality in equation (5) is satis�ed. In the 
ase in whi
h the inequality in equation(5) does not hold for a = A, I adopt the 
onvention that as(C) = A.Next, I turn to the hiring de
ision. Be
ause in the �rst period, �rms 
ompete for workers ina Bertrand-like fashion with the well-known result that in equilibrium �rms have zero expe
tedpro�ts, E(y | 0, a)−w1+Uf (τ s
a | a,0)−τ s

aC must be equal to zero, where E(y | 0, a)−w1−τ s
aCis the �rst-period pro�t and Uf (τ s

a | a,0) is the se
ond-period expe
ted pro�t.The zero expe
ted pro�t 
ondition implies that the �rst-period wage is given by w1 =

E(y | 0, a) + Uf (τ s
a | a,0) − τ s

aC, whi
h is the sum of the worker's produ
tivity in the �rstperiod and the �rm's se
ond-period expe
ted pro�t.Note that Uf (τ s
a | a,0) − τ s

aC ≥ 0, sin
e the �rm 
an always ensure a payo� of at leastzero by investing zero and hiring an untrained worker or 
losing down.16 Thus, the �rm isalways willing to hire any worker with skill level a ∈ A. In addition, when a �rm trains theworker, it 
annot re
oup investment 
osts by paying the worker less than his marginal produ
tas an untrained worker. Thus, the 
ondition in equation (5) is ne
essary and su�
ient for�rm-sponsored training to take pla
e.Observe that equation (5) evaluated at a = a∗(C) re-writes as follows
−

1

2

∫ η

−η

[F (y | 0, a∗(C)) − F (y | 1, a∗(C))]dy < 0. (6)This implies that there are workers that should re
eive training, but �rms have no in
entivesto train them.Then I am ready to state the main results of this se
tion.15The partial derivative of the term in square bra
kets with respe
t to a is ∫ η
[Fa(y | 0, a) − Fa(y | 1, a)]dy.16Note that 
ompensation is front-loaded sin
e �rms anti
ipate the rent that they will re
eive in the se
ondperiod, and thus they are willing to bid higher than the worker's 
urrent produ
tivity.17



Proposition 2 Suppose that η > 0. Then it is optimal to employ all workers and to trainthose with a skill level a ≥ as(C), there is under-investment in training and as(C) rises withtraining 
osts (C) and falls with the produ
tivity of spe
i�
 training (η).As in the standard neo
lassi
al model, workers �nd a job regardless of their skill level,but, in 
ontrast to Be
ker's Human Capital theory and 
onsistent with the empiri
al eviden
earound the world, there is �rm-sponsored general training. Yet, training in
iden
e is lowerthan �rst-best e�
ien
y requires.Observe that in the absen
e of �rm-spe
i�
 training, Be
ker's result is obtained; that is,there is no �rm-sponsored training sin
e the worker must be paid his total produ
tivity inevery state and therefore the �rm never gets a positive return to training. In 
ontrast, inthe presen
e of �rm-spe
i�
 training, the surplus-sharing out
ome o

urs and thus the �rminvests in training. Observe also that as the produ
tivity of spe
i�
 training rises, moreworkers re
eive training. Thus, general and spe
i�
 training are strategi
 
omplements inspite of the fa
t that they are neither substitutes nor 
omplements in the produ
tion fun
tion.This suggests that an institution aimed at boosting �rm-spe
i�
 training produ
tivity will alsoboost �rms' in
entives to invest in general training.In equilibrium, training in
iden
e is T s(C) = 1 − G(as(C)), and again as then eviden
eshows, the more skillful workers are those re
eiving training.5 Training in the Presen
e of Labor Market InstitutionsIn this se
tion, I study a �rm's in
entive to invest in training in the presen
e of LMI. As whenthere are no LMI, a �rm 
hooses τ to maximize its expe
ted pro�ts Uf (τ | a,D) − τC ratherthan total expe
ted surplus.Let τD
a be the optimal investment in training in the presen
e of LMI. Then provided thatthe �rm hires a worker with a skill level a ∈ A, the �rm provides him with training if and onlyif expe
ted pro�ts are greater when training is provided; that is,

Uf (1 | a,D) − C ≥ Uf (0 | a,D).This together with equation (1) and integration by parts imply that a worker with a skilllevel a ∈ A re
eives training if and only
1

2

∫ η−2P

2θ−η

[F (y | 0, a) − F (y | 1, a)]dy +

∫ 2θ−η

θ−P−T−η

[F (y | 0, a) − F (y | 1, a)]dy − C ≥ 0. (7)18



Observe that the �rst term 
aptures the �rm's return to training when the surplus-sharingout
ome o

urs, while the se
ond term 
aptures the �rm's return to general training when theworker is paid the wage �oor. In states in whi
h the latter o

urs, the �rm gets the full returnto training and thus LMI transform general human 
apital into an extreme form of spe
i�
training in the sense that the return to this is not shared with the worker.In the absen
e of LMI only the �rst term arises although more frequently than in thepresen
e of LMI, while the se
ond term is due ex
lusively to the presen
e of LMI.17Be
ause skills and training are 
omplements in the sense that skills improve the outputdistribution more in the sense of FOSD when the worker re
eives training that when he doesnot, the LHS of equation (7) rises with skills. This implies that there is a skill threshold,denoted by aD(C), su
h that inequality in equation (7) is satis�ed for all skill levels greaterthan aD(C). In the 
ase in whi
h the inequality in equation (7) does not hold for a = A, Iadopt the 
onvention that aD(C) = A.As opposed to the 
ase without LMI, 
ondition (7) is not su�
ient to provide training.Firms also need to make non-negative pro�ts in order to be willing to hire a worker with abilitylevel a. In period one, �rms 
ompete for workers in a Bertrand-like fashion and therefore total�rm's expe
ted pro�ts should be zero. This results in that the �rst-period wage should be setto wD
1a = E(y | 0, a) + Uf (τD

a | a,D)− τD
a C. However, the minimum wage legislation preventsthe �rm from paying wD

1a when this is lower than the minimum wage. Thus, a worker withskill level a will be able to �nd a job in period 1 only when wD
1a ≥ w (that is, when the �rmdoes not make negative pro�ts).Integrating-by-parts on
e equation (1), the ne
essary 
ondition for a worker with skill level

a and training τD
a to be hired is

E(y | 0, a) + η − P −
1

2

∫ η−2P

2θ−η

F (y | τD
a , a)dy −

∫ 2θ−η

θ−P−T−η

F (y | τD
a , a)dy − τD

a C ≥ w. (8)All workers for whom 
onditions (7) and (8) are satis�ed will be hired and trained, whilethose for whom 
ondition (7) is violated, but 
ondition (8) is satis�ed when τD
a = 0 will behired but will not re
eive training.Given this, it is possible now to determine the equilibrium level of employment and training.17It is worthwhile to note that, in 
ontrast to the 
ase in whi
h there are no LMI, �rms may still have anin
entive to provide workers with training when there are no on-the-job spe
i�
 training a
quisition; i.e., when

η = 0. This is due to the fa
t LMI makes the �rm full residual 
laimant in those state in whi
h the worker ispaid the wage �oor and the �rm's outside option is negative due to the EPL.19



Be
ause an in
rease in skills improves the output in the FOSD sense, the LHS of equation(8) rises with skills. Thus, I 
an de�ne the skill threshold a(τD
a , w) as the lowest skill levelat whi
h the inequality in equation (8) is satis�ed. It follows from this that any worker withtraining level τD

a and skills greater than or equal to a(τD
a , w) will be hired.

aa(C)

w

a(0, w)

Uf (1 | a,D)

Uf (0 | a,D)

aa(C)

w

a(0, w)

Uf (1 | a,D)

Uf (0 | a,D)

Figure 2: Hiring and Training De
ision under LMIObserve that equation (7) evaluated at the e�
ient skill threshold a∗(C) re-writes as follows
−

1

2

∫ η−2P

2θ−η

[F (y | 0, a∗) − F (y | 1, a∗)]dy −

∫ θ−P−T−η

[F (y | 0, a∗) − F (y | 1, a∗)]dy−

∫

η−2P

[F (y | 0, a∗) − F (y | 1, a∗)]dy < 0

(9)This together with FOSD implies that �rms invest in training, but as with spot 
ontra
tingin the absen
e of LMI, they do not invest at the �rst-best e�
ient level. The reason is thatthere are states in whi
h the �rm is not the full residual 
laimant to the return to training.I 
an now state the main result of this se
tion:Proposition 3 If aD(C) > a(0, w),18 then it is optimal to employ all workers with a skilllevel a ≥ a(0, w) and train only those with a skill level a > aD(C), while if aD(C) ≤ a(0, w),then it is optimal to employ and train all workers with a skill level a ≥ a(1, w), there is under-investment in training and aD(C) and a(1, w) rise with training 
osts (C) and falls with theprodu
tivity of spe
i�
 training (η).18Observe that if w is su
h that a(0, w) = aD(C), then a(0, w) = a(1, w) sin
e at a = aD(C), E(y |

0, a)+Uf (1 | a, D)−C = E(y | 0, a)+Uf (0 | a,D). This together with the fa
t that the worker's utility rises withskills implies that if a(0, w) ≤ aD(C), then a(0, w) < a(1, w) < aD(C), otherwise a(0, w) > a(1, w) > aD(C).20



As in the standard neo
lassi
al model, minimum wages redu
e employment sin
e there areworkers who will not be able to �nd a job. It is easy to see that the number of unemployedworkers in period one is
UD(C) ≡ G(min{a(1, w), a(0, w)}) > 0, (10)and training in
iden
e is equal to
TD(C) ≡ 1 − G(max{aD(C), a(1, w)}). (11)Thus the number of workers who are hired but will not re
eive training is equal to

1 − TD(C) − UD(C) ≥ 0. (12)6 How Labor Market Institutions A�e
t Firm-provided Train-ing?In this se
tion, I ask the question of how the introdu
tion of a given institution a�e
ts trainingin
iden
e in an otherwise 
ompetitive labor market.The key to understand the e�e
t of any given institution on training is to 
hoose the mostadequate ben
hmark against to whi
h to make the 
omparison. Most papers in the literature,su
h as A
emoglu and Pis
hke (2003) for the 
ase of the minimum wage and Dustmann andS
hönberg (2008) for the 
ase of unions, have argued that the introdu
tion of institutionssu
h as the minimum wage and unions respe
tively results in more �rm-sponsored trainingthan the one obtained under a model that predi
ts no �rm-sponsored training in the absen
eof the 
orresponding institution. Here, in 
ontrast, I use as a ben
hmark the solution tothe spot-
ontra
ting model in the absen
e of LMI presented in sub-se
tion 4.2. This is amore realisti
 ben
hmark against to whi
h to 
ompare the e�e
t of any institution sin
e �rm-sponsored general training takes pla
e even in the absen
e of it. In short, I study whether
T s(C) is greater or smaller than TD(C) and study ea
h institution in turn.19 This entails to
ompare the skill threshold above whi
h training o

urs in a sport market in the absen
e ofthe 
orresponding institution, as(C), to that in the presen
e of it, max{aD(C), a(1, w)}.In what follows, I will fo
us on the most interesting and realisti
 
ase in whi
h not all hiredworkers are trained after the imposition of a given institution; that is, aD(C) > a(1, w).2019It is useful to have in mind that T D(C) = T s(C) when D = 0.20This �ts well with reality sin
e training in
iden
e in developed 
ountries never rea
hes 100% of the workers.21



6.1 Minimum Wages.Substituting as(C) into equation (7) and re-arranging, it is easy to see that the imposition ofa minimum wage rises training if and only if21
∫ 2w−η

w−η

[F (y | 0, a) − F (y | 1, a)]dy −

∫ w−η

−η

[F (y | 0, a) − F (y | 1, a)]dy > 0, (13)It follows from this that the imposition of a minimum wage in an otherwise 
ompetitivelabor market may either in
rease or de
rease training. On the one hand, the imposition of aminimum wage makes general training into de fa
to spe
i�
 in the sense that the �rm getsthe full return to training when the worker is paid the minimum wage. This is 
aptured bythe �rst term in equation (13). On the other hand, a minimum wage in
reases the likelihoodthat a working relationship is severed, in whi
h 
ase the �rm gets no return to training. Thisis 
aptured by the se
ond term in equation (13). Thus, the imposition of a minimum wagerises training in
iden
e when the di�eren
e between the probability that the marginal workeris paid the minimum wage without and with training is greater than the di�eren
e betweenthe probability that the marginal worker leaves the �rm without and with training.A
emoglu and Pis
hke (2003) predi
ts that the imposition of a minimum wage rises trainingin
iden
e. The di�eren
e between the predi
tion of the model here and that of A
emoglu andPis
hke (2003) stems from two fa
ts: �rst, in their model there is no �rm-sponsored trainingin the absen
e of the minimum wage. Sin
e minimum wages 
ompress the wage stru
ture,A
emoglu and Pis
hke (2003) predi
t that minimum wages result in �rm-sponsored trainingrelative to the no �rm-sponsored training ben
hmark; se
ond, their model ignores the e�e
t ofa minimum wage on separations. It only 
onsiders the e�e
t of it on the possibility to be
omeemployed. In 
ontrast, here I provide 
onditions under whi
h the imposition of a minimumwage may result in more or less training relative to a more realisti
 ben
hmark in whi
h thereis �rm-sponsored training, and 
onsider the e�e
t of minimum wages on the probability ofseparation. Against this ben
hmark, higher minimum wages result in less training when thedi�eren
e between the probability that the marginal worker is paid the minimum wage withoutand with training is greater than the di�eren
e between the probability that the marginalworker leaves the �rm without and with training. Thus, the predi
tion that minimum wagesresult in more training relative to a no �rm-provided training 
ould be misleading.The highest training parti
ipation o

urs in Sweden with a 60% for workers aged 25-64, while the lowest isRomania with a 10% parti
ipation.21The analysis of unemployment assistan
e bene�ts is the same as the one presented here and thus omitted.22



The empiri
al literature with regard to the impa
t of minimum wages on training providesmixed eviden
e. The earliest e�orts fo
used primarily on wage growth as a proxy for training,produ
ing mixed results. These studies found that age-earnings pro�les are signi�
antly �atterfor workers whose wages were bound to the minimum (Min
er and Leighton (1980); Hashimoto(1981)).22 Re
ent eviden
e has 
ast serious doubt on the validity of this entire approa
h.Grossberg and Si
ilian (2004) �nd that while minimum wages are indeed asso
iated withredu
ed wage growth, they appear to have no signi�
ant impa
t on job training. A
emogluand Pis
hke (2003) 
laim that minimum wages eliminate part of the lower tail of the wage dis-tribution, bun
hing workers around the minimum wage and thereby lowering the age-earningspro�le, and that this will be true independent of their impa
t on training. Thus, it seems 
learthat a 
orre
t test of the relationship between minimum wages and training must be 
ondu
tedwith information on worker training. A
emoglu and Pis
hke (2003), taking into a

ount theirown 
riti
ism and using within state variation in minimum wages for an a homogeneous groupof workers, �nd no eviden
e of a redu
tion in training for workers with wages near to theminimum wage. Fairris and Peda
e (2004), using establishment-level data, �nd no eviden
eindi
ating that minimum wages redu
e the average hours of training of trained employees andlittle to suggest that minimum wages redu
e the per
entage of workers re
eiving training.There is only one study that 
an provide an empiri
al answer to the question of howtraining rises with the imposition of a minimum wage. Arulampalam, Booth, and Bryan(2004a) estimate the impa
t of the new national minimum wage in the UK on low-wageworkers using two 'treatment groups': those workers whose derived 1998 wages were belowthe minimum and those workers expli
itly stating they were a�e
ted by the new minimum.Using information on training in
iden
e and intensity, they �nd no eviden
e that the minimumwage introdu
tion redu
ed the training intensity of a�e
ted workers and some eviden
e thatit in
reases the number of workers re
eiving training. In parti
ular, the training probabilityin
reased by 8 to 11 per
entage points for a�e
ted workers.Stewart (2004) �nds, using the same data and period, that the estimated impa
t of theintrodu
tion of the minimum wage on the probability of remaining in employment is insigni�-22Card and Krueger (1995) 
ompared 
ross se
tional wage pro�les in California before and after the 1988minimum wage in
rease with a number of 
omparison states. They also found �atter pro�les in California afterthe minimum wage in
rease. However, they point out that the Californian pro�le also shifts up and does not
ross the previous age-wage pro�le. This pattern 
ontradi
ts the standard theory, but is 
onsistent with thepredi
tions of the model here. 23




antly di�erent from zero for all four demographi
 groups (male and female adults and youths).This eviden
e is related to the magnitude of the se
ond term in equation (13) and suggeststhat this term is small if not zero. This provides an explanation for why the imposition of thenew national minimum wage in the UK resulted in an in
rease in training.236.2 Firm-spe
i�
 Unions.The 
ru
ial feature of the union model here is the 
oexisten
e of a unionized and non-unionizedse
tor. Ea
h se
tor 
onsists of many �rms 
ompeting for workers. The di�eren
e between thetwo se
tors is that �rms in the unionized se
tor have to pay at least the union wage (a wage�oor θ), while �rms in the non-unionized se
tor do not fa
e a wage �oor restri
tion. It followsthen that unionized �rms behave as spot market �rms in the presen
e of a wage �oor andnon-unionized �rms behave as spot market �rms in the absen
e of a wage �oor.In this model, unionized �rms o�er a parti
ular type of long-term wage 
ontra
t: theyguarantee to pay at least the union wage in the future. Although �rms 
ould o�er su
h a
ontra
t without be
oming unionized, it is not 
redible on
e training is 
ompleted; they willhave an in
entive to renegotiate the wage in 
ertain states. Hen
e, unions here work as a
ommitment devi
e. Unionized �rms 
redibly signal to workers that they will pay at least theagreed union wage in the future.In many 
ountries, the union wage depends on observable worker 
hara
teristi
s su
h astraining. In order to simplify the model, I assume here that the union wage is the same forworkers with and without training. In 
ertain 
ountries the union apply to all workers (thosein training and those who are not), while in others su
h as Germany and Italy, it applies onlyto those that have already re
eived training.The model here 
an a

ommodate both 
ases without further analysis. In order to see thislet the union wage for trainees be w0 and that for old workers be equal to θ. Then it followsfrom the analysis in se
tion 5, that only workers with an ability greater than a(τ, w0) are hiredin the unionized se
tor and only those with an ability greater than aD(C) are trained in thatse
tor. In 
ontrast, in the non-unionized se
tor all workers 
an �nd a job, and only thosewhose ability ex
eeds as(C) will re
eive training.23This �nding does not 
ontradi
t the one in table 3 sin
e the 
oe�
ient there 
aptures the e�e
t of amarginal in
rease in the minimum wage on training in
iden
e on
e there is a minimum wage, while here theeviden
e refers to the 
ase in whi
h initially there is no minimum wage and one is imposed.24



Let me assume that the wage for trainees is 
hosen so that a(1, w0) ≤ aD(C). This meansthat in the unionized se
tor, �rms may be willing to hire workers who will not re
eive trainingand they are willing to hire all workers that they will be willing to train. Ignoring sortinga
ross se
tors issues, it is then 
lear from the analysis regarding the introdu
tion of a minimumwage that unions may result in more or less training. This results is in 
ontrast to others inthe literature, su
h as Dustmann and S
hönberg (2008) and Booth, Fran
es
oni, and Zoega(2003), sin
e they argue that unions in
rease training. The reason for that it is the use as aben
hmark a model that predi
ts no �rm-sponsored training in the absen
e of unions.The main di�eren
e with minimum wages stands for the sorting of workers a
ross se
tors(unionized and non-unionized). A worker 
hooses to work in the unionized se
tor if total 
areerwages from working in the unionized se
tor ex
eeds that from working in the non-unionizedse
tor.It is useful to note that a worker who leaves the unionized se
tor will go on to work in thenon-unionized se
tor, and he will paid his total produ
tivity in that se
tor; that is, y.Be
ause there is 
ompetition in the unionized se
tor as well as in the non-unionized se
tor,the �rst-period wage must be set so that �rms make zero expe
ted pro�ts. This implies, afterintegrating by parts on
e, that total 
areer utility for a worker with ability a in a se
tor withwage �oor θ, with θ = 0 in the non-unionized se
tor, is given by:
E(y | 0, a) + yH + η − θF (θ − η | τa, a) −

∫

θ−η

F (y | τa, a)dy − τaCThus, for a worker with ability a, total 
areer utility in the unionized se
tor is greater thanthat in the non-unionized se
tor if and only if
∫

−η

F (y | τ s
a , a)dy − θF (θ − η | τD

a , a) −

∫

θ−η

F (y | τD
a , a)dy + (τ s

a − τD
a )C ≥ 0.It is 
lear from this expression that workers re
eiving training in both se
tors and thosewho do not re
eive training in both se
tor are better-o� in the non-unionized se
tor. Thereason is simple. In the unionized se
tor, they will be �red more often when they turn outto have a lower produ
tivity than the unionized wage, and thus they will lose the return to�rm-spe
i�
 training more often and will not bene�t from the unionized wage. Workers whore
eive training in the non-unionized se
tor, but do not re
eive training in the unionized se
torwill 
hoose the non-unionized se
tor. Only workers who will be trained in the unionized se
tor,but not in the non-unionized se
tor will 
hoose the unionized se
tor when the expe
ted lossdue to the fa
t that �ring o

urs more often is not too high.25



A worker who re
eives training in the unionized se
tor, but does not in the non-unionizedse
tor prefers the unionized se
tor if and only if
∫

−η

F (y | 0, a)dy − θF (θ − η | 1, a) −

∫

θ−η

F (y | 1, a)dy − C ≥ 0This shows that if a unionized se
tor exists, it is exa
tly be
ause there are workers whowould re
eive training in that se
tor but would not re
eive training in a non-unionized se
tor.This provides a rationale for why the empiri
al eviden
e shows that training in
iden
e is greateramong unionized workers (see, for example, Booth (1991); Lyn
h (1992); Green, Ma
hin,and Wilkinson (1999); Booth et al. (2003); and Dustmann and S
hönberg (2008)). Cross-
ountry 
omparisons also reveal that workers in Europe re
eive more work-related trainingthan their 
ounterparts in the United States (see, for example Bassanini et al. (2005)) andthat unionization is higher in Europe.There is one study that asks the equivalent question that was asked in this se
tion butfrom an empiri
al point of view, whi
h is Dustmann and S
hönberg (2008). Using Germandata, they �nd that �rms that 
hange from being non-unionized to being unionized in
reasetheir training in
iden
e in a signi�
ant manner. They report that their estimates suggestthat the di�eren
e in training probability between being unionized and non-unionized forthose �rms that 
hoose to be unionized is 6.8 per
entage points, and the di�eren
e in theproportion of apprenti
es is 2.7 per
ent. Thus, again the model here provides a rationale forthis eviden
e di�erent from the one provided in for instan
e Booth et al. (2003) and Dustmannand S
hönberg (2008).6.3 Firing CostsSubstituting as(C) into equation (7) and re-arranging, the imposition of �ring 
osts risestraining in
iden
e if and only if
∫ −η

−T−η

[F (y | 0, a) − F (y | 1, a)]dy > 0. (14)This shows that the imposition of �ring 
osts in an otherwise 
ompetitive e
onomy risestraining in
iden
e. The reason is that the relationship is severed less often, sin
e �ring 
ostslower a �rm's outside option and thus the �rm and the worker share the return to trainingmore often. This means that the �rm �res the worker if and only if y +η−w < −T , while in a
ompetitive labor market it �res the worker if and only if y +η−w < 0. Thus, in the presen
eof �ring 
osts, the �rm is willing to keep the worker even if he has negative net produ
tivity.26



I will defer the dis
ussion of the empiri
al eviden
e to the next sub-se
tion where I studythe e�e
t of severan
e pay on training.6.4 Mandated Severan
e PaySubstituting as(C) into equation (7) and re-arranging, the imposition of mandated severan
epay rises training if and only if
∫ 2P−η

−η

[F (y | 0, a) − F (y | 1, a)]dy −

∫ η

η−2P

[F (y | 0, a) − F (y | 1, a)]dy > 0 (15)The imposition of mandated severan
e pay has a positive and a negative e�e
t relativethe 
ompetitive ben
hmark. The positive e�e
t arises be
ause mandated severan
e paymentswork as a wage �oor when the produ
tivity is low (i.e., y ≤ P ). This means that in thosestates the �rm gets the full return to training sin
e in order to keep the worker the �rm mustpaid him a wage equal to the mandated severan
e payment. In addition, severan
e pay doesnot a�e
t the separation de
ision, sin
e the worker must be paid P regardless whether he staysor leaves. The negative e�e
t stems from the fa
t that severan
e pay in
reases the likelihoodthat the worker's outside option binds.24 Be
ause the �rm gets no return to training when theworker must be paid his outside produ
tivity, the �rm's in
entives to provide general trainingfall. Thus, the imposition of severan
e payments rises training in
iden
e when the di�eren
ebetween the probability that the marginal worker is paid severan
e payments without andwith training is greater than the di�eren
e between the probability that the marginal worker'soutside option binds without and with training.The eviden
e with regard to the e�e
t of an employment prote
tion institutions on trainingis somewhat s
ar
e. Bishop (1991) reports that the likelihood and amount of formal trainingare higher at �rms where �ring a worker is more di�
ult. A
emoglu and Pis
hke (2000) arguethat there are 
omplementarities between regulation regimes and training systems, and thatredu
ing �ring 
osts and in
reasing employment �exibility 
ould redu
e the in
entives to train.Their eviden
e, however, is 
asual and fo
uses mainly on Germany. For European 
ountries,Bassanini et al. (2005) �nd that training in
iden
e is lower when the degree of employmentprote
tion of both regular and temporary workers is greater, although this e�e
t is statisti
allydi�erent from zero only for the former. In parti
ular, they �nd that a unit in
rease in theemployment prote
tion index redu
es training in
iden
e by 0.034 in the 
ase of regular workers24This assumes that outputs are independently and identi
ally distributed a
ross workers.27



and by 0.004 in the 
ase of temporary workers. Given that average training in
iden
e in theirsample is 
lose to 0.2, these e�e
ts are not negligible.Almeida and Aterido (2008) analyze the link between stringen
y of the de fa
to labormarket regulations fa
ed by �rms and the in
entive to invest in job training. They use alarge �rm level data set a
ross more than 65 developing 
ountries. Their �ndings stronglysupport the idea that a stri
ter labor 
ode is asso
iated with a higher investment by �rms inthe human 
apital of their employees. Training in
iden
e for a �rm fa
ing the 90th per
entileof the enfor
ement of labor regulation relative to a �rm fa
ing per
entile 10th is 2.1 per
entagepoints higher in a 
ountry with a rigid labor regulation (that is, in the 90th per
entile of therigidity of employment index) than in a 
ountry with a less rigid labor regulation (i.e., in the10th per
entile). Nevertheless, the magnitude of the e�e
t is quantitatively small (averagetraining in
iden
e in their sample is 45.2%).7 Labor Market Institutions and Training In
iden
eIn previous se
tions I derived 
onditions in whi
h any given institution in
reases trainingin
iden
e relative to a ben
hmark in whi
h there are no LMI. This se
tion dis
usses tworelated issues. First, I study how a marginal 
hange in any given institution a�e
ts trainingin
iden
e. Se
ond, I dis
uss the extent to whi
h our theoreti
al results are 
onsistent with thestylized fa
ts presented in 2.Given the results in proposition 3, it is easy to see that the e�e
t of any institution on�rm-provided training will depend on whether all hired workers are trained or not. As in thelast se
tion, here I will fo
us on a parametrization under whi
h not all hired workers re
eivetraining. Thus, training in
iden
e in 
ountry j is given by TD
j ≡ 1 − Gj(a

D
j (C)).25Here, I shall make the following assumption regarding the distribution of output.

• (A2) Let de�ne the likelihood ratio as L(y | a) ≡ f(y|1,a)
f(y|0,a) . Then f(y | τ, a) satis�es theMonotone likelihood ratio property if and only if L(y | a) rises with y.26It readily follows from equations (7) that the e�e
t of an in
rease in the wage �oor (i.e,minimum wage and assistan
e unemployment bene�ts) on training in
iden
e is positive if and25In this se
tion, I will omit the argument C to de
rease the notational 
lutter.26This property implies stri
t �rst-order sto
hasti
 dominan
e.28



only if
△F (2θ − η | aD) −△F (θ − P − T − η | aD) > 0. (16)A hike in the wage �oor may either in
rease or de
rease the number of workers who re
eivetraining. For all produ
tivity levels between 2θ−η and θ−P−T−η, workers are paid the wage�oor, whi
h is independent of their produ
tivity. In those states, a wage �oor hike redu
es�rms' pro�ts by the same amount regardless of workers' level of training and �rms gets thefull return to training. Thus, a wage �oor hike rises training in
iden
e when the probabilitythat the marginal worker gets paid the wage �oor when he re
eives training is smaller thanthat when he does not re
eive training.This is 
onsistent with the eviden
e in table 3. Furthermore, it is easy to see that themarginal e�e
t of an in
rease in the wage �oor on training in
iden
e rises as severan
e paymentsand �ring 
osts in
rease. This is also 
onsistent with the 
oe�
ient on the intera
tion term
onsidering minimum wages and EPL and that for unemployment assistan
e bene�ts and EPLreported in table 2.This leads to the following result.Predi
tion 1 Suppose assumptions (A1) and (A2) hold. Then training in
iden
e may eitherrise or fall with the wage �oor, and the marginal e�e
t of a wage �oor on training in
iden
e ismore likely to be positive in e
onomies with a stronger employment prote
tion legislation andhigher unemployment assistan
e bene�ts.An in
rease in �ring 
ost rises training if and only if

△F (θ − P − T − η | aD) > 0. (17)An in
rease in �ring 
osts, in
reases the number of workers who re
eive training. Thereason is that a marginal in
rease in �ring 
osts de
reases the �rm's outside option and thusthe relationship is less likely to be severed. Be
ause the �rm gets the full return to training instates 
lose to the separation threshold when workers are the paid the wage �oor or �rms andworkers share the return to training in the absen
e of wage �oors, �rms have higher in
entivesto train workers.This leads to the following result. 29



Predi
tion 2 Suppose assumptions (A1) and (A2) hold. Then regardless of the institu
ionalsetting, training in
iden
e rises with �ring 
osts.If the EPL index 
aptures mostly �ring 
osts rather than severan
e payments this predi
-tion is 
on�rmed by the results in table 3, sin
e an in
rease in EPL in
reases training in
iden
eregardless of the institutional setting.An in
rease in severan
e payments rise training in
iden
e if and only if
−△F (η − 2P | aD) + △F (θ − P − T − η | aD)−

[△F (θ − P − T − η | aD) −△F (2θ − η | aD)]
∂θ

∂P
> 0.

(18)When severan
e payments do not a�e
t the wage �oor; that is, w > µ + P , an in
rease in
P rises the worker's outside option and de
reases the separation threshold. The former e�e
tredu
es �rms' in
entives to train workers sin
e �rms are less likely to get a positive return totraining, while the latter e�e
t indu
es �rms to invest more in training sin
e at the separationthreshold, �rms get the full return to training be
ause wages are independent of produ
tivity.Thus, training in
iden
e rises with severan
e pay when the di�eren
e between the probabilitythat the marginal worker is paid his outside option without training and that with training isgreater than the di�eren
e between the probability that the marginal worker leaves the �rmwithout training and that with training.When w ≤ µ + P , wages rise with P in a one-by-one basis and therefore the separationthreshold is independent of P sin
e in this 
ase severan
e payments are just a transfer from�rms to workers.27 On the one hand, as severan
e pay rises, �rms' in
entives to train fall sin
eworkers' outside options are more likely to bind and, on the other hand, workers are morelikely to be paid a wage that is independent of their produ
tivity. This rises �rms' in
entivesto train sin
e in those states in whi
h workers are paid µ + P , �rms get the full return totraining. Thus, training in
iden
e rises with severan
e pay when the probability that �rmsand workers share the return to training evaluated at the ability level of the marginal workeris smaller when the marginal worker re
eives training than when he does not.This leads to the following result.Predi
tion 3 Suppose assumptions (A1) and (A2) hold. Then training in
iden
e may either27This is in line with Cahu
 and Zylberberg (1999) who argue that in the presen
e of minimum wages, insidewages 
annot be adjusted to the severan
e pay. 30



rise or fall with severan
e pay, and the marginal e�e
t of an in
rease in severan
e pay ontraining in
iden
e is more likely to be positive in e
onomies with higher minimum wages andunemployment assistan
e bene�ts.This result is 
onsistent with the eviden
e reported in se
tion 2 as long as the EPL index
aptures mostly �ring 
osts rather than severan
e payments.Finally I will study the e�e
t of unions on training in
iden
e. Be
ause there is 
ompetitionin the unionized se
tor as well as in the non-unionized se
tor, the �rst-period wage must beset so that �rms make zero expe
ted pro�ts. This implies, after integrating by parts on
e,that total 
areer utility for a worker with ability a in a se
tor with wage �oor θ is given by:
E(y | 0, a) + yH + η − (θ − µ − P )

∫ θ−T−P−η

f(y | τa, a)dy −

∫

θ−T−P−η

F (y | τa, a)dy − τaCBe
ause θ ≥ µ+P , total 
areer utility falls as the wage �oor θ rises. Thus, 
eteris-paribus,less workers 
hoose the unionized se
tor as θ rises. This implies that as θ rises, marginalworkers will 
hoose the unionized se
tor only if an in
rease in θ indu
es unionized �rms toprovide them with training. Thus, in the data a positive relationship between union density,understood as the fra
tion of workers who work in the unionized se
tor, and training in
iden
eshould emerge.28Observe also that the marginal e�e
t of θ on parti
ipation in the unionized se
tor risesas unemployment assistan
e bene�ts in
rease. Be
ause unionized workers are more likelyto be �red, 
eteris-paribus, higher unemployment bene�ts makes the unionized se
tor moreattra
tive.Predi
tion 4 Suppose that assumption (A1) and (A2) hold. Then training in
iden
e andunion density are positively related.These predi
tion is also 
on�rmed by the estimates presented in table 2.Thus, if the index of EPL 
aptures mostly �ring 
osts, one 
an 
on
lude that training in
i-den
e should be greater in 
ountries with stronger EPL and higher union density. This e�e
tsare more likely to be positive in e
onomies with higher minimum wages and unemploymentassistan
e bene�ts. The downside of all this is that unemployment should also be greater inthese e
onomies.28The 
ausality is however from training to union density; if unionized �rms train more, more workers 
hoosethe unionized se
tor. 31



Thus, empiri
al studies fo
using on single institutional instruments are likely to providebiased estimator on the e�e
t of any given institution on training in
iden
e. They also suggeststhat the great variation of LMI a
ross 
ountries has the potential to empiri
ally explain thegreat variation in training in
iden
e a
ross 
ountries. This however requires a more 
ompleteand detailed data on training in
iden
e and individual and 
ountry level 
hara
teristi
s su
has s
hooling.8 Workers Training De
isionsSo far I have assumed that workers do not invest in training. The eviden
e however showsthat �rms and workers 
ontribute to training although in a disimilar way. Figure 8 showsself-reported training in
iden
e by �nan
ing sour
e.29 The �gure shows great variation oftraining in
iden
e by �nan
ing sour
e a
ross 
ountries. Furthermore 
ountries where �rm-�nan
ed training in
iden
e is greater, worker-�nan
ed training in
iden
e is lower. While thisis just raw data this is somewhat indi
ative of substitution between �rm- and worker-�nan
edtraining.

Figure 3: Training In
iden
e by Finan
ing Sour
e (sour
e: IALS, ALL, and AEPS 1993-1999)In this se
tion, I 
onsider the 
ase in whi
h both workers and �rms are allowed to investin general training. Let τ be (τf , τl), where τf is the �rm investment de
ision and τl is theworker's investment de
ision.The output is distributed F (y | τf , τl, a), with F (·) sub-modular in (τf , τl). That is, I29Note that training in
iden
e does not add up to 1 sin
e training 
osts 
an be shared between di�erentsour
es. 32



assume that the marginal produ
tivity of τf (τl) is smaller when the worker (the �rm) hasalready invested in training. Formally, submodularity with respe
t to (τf , τl) implies that
F (y | 1, 1, a) + F (y | 0, 0, a) ≥ F (y | 1, 0, a) + F (y | 0, 1, a) for all a ∈ A. This assumptionis intended to 
apture the idea that for any skill level �rm- and worker-provided trainingare substitutes. Furthermore, I keep the assumption that training and skills improve thedistribution in the FOSD sense; that is, for all y ∈ Y , F (y | τf , τl, a) ≤ F (y | τ ′

f , τ ′
l , a) forany (τ ′

f , τ ′
l ) ≤ (τf , τl) and Fa(y | τf , τl, a) < 0 for all (τf , τl), and skills and training are
omplements in the following sense: Fa(y | τf , 1, a) ≤ Fa(y | τf , 0, a) for τf ∈ {0, 1} and

Fa(y | 1, τl, a)} ≤ Fa(y | 0, τl, a) for τl ∈ {0, 1}. Furthermore, to simplify the algebra, I makethe following reasonable assumption: F (y | 1, 0, a) = F (y | 0, 1, a).In order to ensure that training rises with skills, I assume that Fa(y | 0, 1, a) + Fa(y |

1, 0, a) ≥ Fa(y | 1, 1, a) + Fa(y | 0, 0, a). This says that the marginal return to one party'sinvestment in training rises with the worker's skill level more when the other party does notinvest in training than when it does so.First, lets 
onsider the 
ase of spot 
ontra
ting in the absen
e of LMI.In this 
ase, for any given τf ∈ {0, 1}, a worker 
hooses τl ∈ {0, 1} to maximize its totalexpe
ted wages Ul(τf , τl | a,0)−τlC and, for any given τl ∈ {0, 1}, the �rm 
hooses τf ∈ {0, 1}to maximize its total expe
ted pro�ts Uf (τf , τl | a,0)− τfC. Thus, provided that a �rm hiresa worker with a skill level a, a worker invests in training if and only if
Ul(τf , 1 | a,0) − C ≥ Ul(τf , 0) | a,0),and the �rm invests in training if and only if
Uf (1, τl | a,0) − C ≥ Uf (0, τl | a,0).Integrating-by-parts on
e the worker and the �rm's in
entive 
onstraints, a worker with askill level a ∈ A will invest in training if and only if

∫

η

[F (y | τf , 0, a) − F (y | τf , 1, a)]dy +
1

2

∫ η

−η

[F (y | τf , 0, a) − F (y | τf , 1, a)]dy − C ≥ 0, (19)while a �rm will invest in training if and only if
1

2

∫ η

−η

[F (y | 0, τl, a) − F (y | 1, τl, a)]dy − C ≥ 0. (20)These in
entive 
onstraints 
apture the fa
t that the worker's is paid his produ
tivityoutside of the �rm when this is high, sin
e the worker's produ
tivity outside of the �rm rises33



by the same amount as it does it within the relationship, and the �rm and worker share thereturn to general training when produ
tivity in the alternative employer is lower than η, sin
ethe worker's share of his produ
tivity with the 
urrent employer ex
eeds that with his outsideemployer.It follows from equation (19) and submodularity with respe
t to (τf , τl) that the worker'sbest response is non-in
reasing in the �rm's investment de
ision. Similarly, it follows fromequation (20) and submodularity with respe
t to (τf , τl) that the �rm's best response is non-in
reasing in the worker's investment de
ision. In short, (τf , τl) are strategi
 substitutes. Forthe sake of brevity, in what follows, I will fo
us on pure strategies.Be
ause training and skills are 
omplements in the sense de�ned above, there exists a skilllevel, denoted by al(τf , C), su
h that a worker's best response to τf ∈ {0, 1} is to invest if andonly if his skill level is greater than al(τf , C). Similarly for the �rm. That is, the �rm's bestresponse to the worker's de
ision τl ∈ {0, 1} is to invest if and only if the worker's skill level isgreater than af (τl, C).Lemma 1 (i) al(0, C) ≤ al(1, C) and af (0, C) ≤ af (1, C); and (ii) if τl ≥ τf , then af (τl, C) >

al(τf , C)Proof. Observe that submodularity implies that
∫

η

[F (y | 0, 0, a) − F (y | 0, 1, a)]dy +
1

2

∫ η

−η

[F (y | 0, 0, a) − F (y | 0, 1, a)]dy − C ≥

∫

η

[F (y | 1, 0, a) − F (y | 1, 1, a)]dy +
1

2

∫ η

−η

[F (y | 1, 0, a) − F (y | 1, 1, a)]dy − C.This together with the fa
t that for τf ∈ {0, 1}

∫

η

[Fa(y | τf , 0, a) − Fa(y | τf , 1, a)]dy +
1

2

∫ η

−η

[Fa(y | τf , 0, a) − Fa(y | τf , 1, a)]dy ≥ 0implies the result.The proof for the af (τl, C) is identi
al and thus omitted.Part (ii) readily follow from 
omparing payo�s and noting that F (y | 1, 0, a) = F (y |

0, 1, a).
This lemma establishes that the skill threshold above whi
h the worker invests in trainingis greater when the �rm invests in training than when it does not. Similarly for the �rm. This34



is due to the fa
t that there is substitution between the two types of training and training andskills are 
omplements. The se
ond part says that for any given skill level the worker is morelikely to invest in training.Let τ s
a = (τ s

af , τ s
al) be the pure-strategy equilibrium 
hoi
e of training for a worker withskill level a.The lemma above and the dis
ussion so far leads to the following result.Proposition 4 (1) Suppose that η > 0 and af (0, C) > al(1, C). Then if (i) a > af (1, C),both the �rm and the worker invests in training; (ii) if af (1, C) ≤ a > al(0, C), the �rmdoes not invest in training, while the worker does it; and (iii) if a ≤ al(0, C), neither the�rm nor the worker invests in training; and (2) Suppose that η > 0 and af (0, C) ≤ al(1, C).Then if (i) a ≥ af (1, C), both the �rm and the worker invests in training; (ii) if af (1, C) >

a ≥ max{al(1, C), af (0, C)}, the �rm does not invest in training, while the worker does it;(iii) if al(1, C) > a ≥ af (0, C), either the �rm or the worker invests in training; (iv) if
af (0, C) > a ≥ al(0, C), the worker invests in training, while the �rm does not; and (v) if
a ≤ al(0, C), neither the �rm nor the worker invests in training.Be
ause workers are never paid more than his produ
tivity, all workers are employed re-gardless of their training. When a worker's skills are low, he does not re
eive and does notinvest in training, while when his skills are high, both the �rm and the worker himself invest intraining. A worker whose skill level is neither high nor low, either re
eives training or investsin training. When only the worker invests in training, he pays for his training dire
tly and thushave a lower �rst-period in
ome, but a larger wage than when only the �rm invests in training.This follows from noting that the �rst-period wage when only the �rm invests in training is:
w1 = E(y | 0, a) + Uf (1, 0 | a,0) − C, while when only the worker invests in training, the�rst-period wage is w1 = E(y | 0, a) + Uf (0, 1 | a,0), and Uf (1, 0 | a,0) = Uf (0, 1 | a,0).Note that 
ompensation is more front-loaded when the worker undertakes training andthus the wage pro�le is steeper when the �rm pays for training.Essentially there are two things that 
ome out of this model. First, workers' in
entivesto invest in training are greater than �rms' in
entives, and se
ond, there is a parametrizationunder whi
h multiple equilibria exists that result in two di�erent regimes, one in whi
h onlyworkers are willing to invest in training, and one in whi
h only �rms provide training.This leads me to ask whether LMI may 
hange �rms and workers' in
entives in a way that35



now �rms are more likely to invest in training than workers are. If so, this provides anotheranswer to the question of how LMI a�e
t �rm-sponsored training.Now, lets 
onsider training investment de
isions in the presen
e of LMI.Provided that a �rm hires a worker with a skill level a ∈ A, for any training level τf ∈ {0, 1},the worker invests in training if and only if
Ul(τf , 1 | a,D) − C ≥ Ul(τf , 0 | a,D),and, for any given any τl ∈ {0, 1}, the �rm invests in training if and only if
Uf (1, τl | a,D) − C ≥ Uf (0, τl | a,D),Integrating-by-parts the worker's in
entive 
onstraint, a worker with a skill level a ∈ Ainvests in training if and only if

∫

η−2P

[F (y | τf , 0, a) − F (y | τf , 1, a)]dy+

1

2

∫ η−2P

2θ−η

[F (y | τf , 0, a) − F (y | τf , 1, a)]dy+

(θ − µ − P )[F (θ − P − T − η | τf , 0, a) − F (θ − P − T − η | τf , 1, a)] − C ≥ 0.

(21)while a �rm will invest in training if and only if
1

2

∫ η−2P

2θ−η

[F (y | 0, τl, a) − F (y | 1, τl, a)]dy+

∫ 2θ−η

θ−P−T−η

[F (y | 0, τl, a) − F (y | 1, τl, a)]dy − C ≥ 0.

(22)It follows from equation (21) and submodularity with respe
t to (τf , τl) that the worker'sbest response is non-in
reasing in the �rm's investment de
ision. Similarly, for the �rm. Asbefore be
ause training and skills are 
omplements in the sense de�ned above, there existsa skill level, denoted by al(τf , C,D), su
h that a worker's best response to τf ∈ {0, 1} is toinvest if and only if his skill level is greater than al(τf , C,D). Similarly for the �rm. Thatis, the �rm's best response to the worker's de
ision τl ∈ {0, 1} is to invest if and only if theworker's skill level is greater than af (τl, C,D).Using the same arguments as above, it is easy to show thatLemma 2 al(0, C,D) ≤ al(1, C,D) and af (0, C,D) ≤ af (1, C,D).In 
ontrast to the 
ase in whi
h there is no LMI, in the presen
e of them it is no longerpossible to rank the skill thresholds as done before.The next proposition follows from the lemma above and submodularity.36



Proposition 5 Suppose that η > 0 and a worker with skill level a �nds employment. Thenif (i) a ≥ max{af (1, C,D), al(1, C,D)}, both the �rm and the worker invests in training; (ii)if max{af (1, C,D), al(1, C,D)} > a ≥ min{af (0, C,D), al(0, C,D)}, either the �rm or theworker invests in training; and (v) if a < min{af (0, C,D), al(0, C,D)}, neither the �rm northe worker invests in training.Let τDB
a be the optimal investments in training in the presen
e of LMI.Integrating-by-parts on
e equation (1), the ne
essary 
ondition for a worker with skill level

a and training τDB
a to be hired is

E(y | 0, a) + η − P −
1

2

∫ η−2P

2θ−η

F (y | τDB
a , a)dy −

∫ 2θ−η

θ−P−T−η

F (y | τDB
a , a)dy − τ f

a C ≥ w.(23)where τ
f
a is the �rm-provided training to a worker with skill level a.Be
ause an in
rease in skills improves the output in the FOSD sense and F (y | 1, 0, a) =

F (y | 0, 1, a), the LHS of equation (23) rises with skills.30 Thus, I 
an de�ne the skill threshold
a(τDB

a , w) as the lowest skill level at whi
h the inequality in equation (23) is satis�ed. It followsfrom this that any worker with training τDB
a and skills greater than or equal to a(τDB

a , w) willbe hired. Thus, a worker whose skill level ex
eeds a(τDB
a , w), will invest in training or will betrained or both a

ording to the result in proposition 5.There are several interesting remarks here. First, observe that 
eteris-paribus a �rm iswilling to hire a worker with lower skills when the equilibrium is su
h that only the workerundertakes training relative to the 
ase in whi
h training is �rm sponsored. The reason isthat �rm's expe
ted pro�ts at the time the hiring de
ision is made are higher. Se
ond, LMImay lead to a regime swit
hing from a worker-�nan
ed training regime to a �rm-providedtraining regime. This o

urs when LMI are su
h that the following holds al(τDB

a , C,D) >

af (τDB
a , C,D). Third, in an equilibrium in whi
h only �rm-provided training arises, the massof workers who are not able to �nd employment is greater than that in a worker-�nan
edtraining equilibrium. Fourth, wages are more front-loaded when workers undertake trainingand thus wage pro�les are steeper when �rms pay for training. This implies that wage returnsare greater when training is �rm-provided than worker-provided. Fifth, there are 
ir
umstan
es30Here, I am assuming that in the 
ase of multiple pure-strategy equilibria, the �rm and the worker 
oordinatein one equilibrium for all skill levels in the range in whi
h multipli
ity o

urs.37



in whi
h the presen
e of LMI favor �rm-sponsored training, but 
rowds out worker-�nan
edtraining. However, total training in
iden
e may in
rease or de
rease.With regard to the fourth result most resear
h points towards substantially larger returns totraining �nan
ed by the employer. In fa
t, few studies have been able to do
ument any returnsto individual �nan
ed (self-sponsored) training. For instan
e the study by Booth and Bryan(2002) on British data �nds no e�e
ts on wages from individual �nan
ed training. Similarly,Loewenstein and Spletzer (1998) study of NLSY indi
ates that non-employer �nan
ed trainingdoes not yield a positive wage return. Blundell, Dearden, Meghir, and Sianesi (1999) also notethat employer provided training has a positive impa
t on wages whereas training not providedby the employer has an insigni�
ant e�e
t on wages.9 Con
lusionsThis paper 
onsiders several institutions at on
e, emphasizes the di�erent e�e
ts of LMI on�rm-provided training, and provides a more natural ben
hmark against to whi
h to 
omparethe e�e
ts of any institution on �rm-provided training. The paper's 
ontribution is threefold.On one hand, it shows that using a model that predi
ts no-�rm sponsored training in theabsen
e of LMI as ben
hmark against to whi
h to 
ompare the e�e
t of any institution on�rm-provided training leads to either wrong predi
tions or in
omplete des
ription of how �rms'in
entives are a�e
ted by LMI. On the other hand, the model results show that the e�e
tsof LMI on training depends mainly on the institutional setting, and the intera
tions betweendi�erent institutions are highly 
omplex. Thus, empiri
al studies of the impa
t of di�erentLMI on �rm-provided training require to 
ontrol for the whole institutional mix, needs to
ontrol for workers' 
hara
teristi
s and must take into a

ount the e�e
t of LMI on laborturnover; anything short of this is bound to produ
e biased 
oe�
ients of the e�e
t of LMIon �rm-provided training in ways that, even at theoreti
al level, are di�
ult to devise. Third,the model, in 
onjun
tion with the large 
ross-
ountry heterogeneity in LMI puts forth aplausible rationale for the large variation in �rm-provided training in
iden
e a
ross 
ountries,and argues that empiri
al studies fo
using on any single institution appear to miss somepotentially important e�e
ts.In spite of the 
omplex relationship between LMI and training in
iden
e, some 
on
lusions
an be made. Most LMI redu
e employment and this is even more so when training is �nan
ed38



by �rms. In general terms, it 
an be 
on
luded that training in
iden
e should be greater in
ountries with stronger EPL and higher union density, and this is more likely to be the 
asein e
onomies with higher minimum wages and unemployment assistan
e bene�ts. However, itis extremely deli
ate to make poli
y re
ommendations without a detailed empiri
al analysistaking into a

ount the 
omplexities in the relationship between training, employment andLMI that this paper highlights.
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